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Pref ace, 

I n the present meinoir oil the Physical Oceanography of the Nor- 

wegian Sea we have described the results of the Norwegian 

investigations made in this sea area, chiefly with the Michael Sam, 

during the five years of 1900 to 1904. W e  have also to some extent 

inade use of the observations talcen in the southern Norwegian Sea 

in  May, 1905, and the current-ineasuremeilts made in recent years 

(1906 & 1908). The other observations talceii siilce 1904, are of less 

importance for our discussions in the present work, as they were chiefly 

taken in the coast waters for other purposes. 

The original plan of the worlc was that  Nansen, who orgaiiized 

and led the physical part of the investigations in 1900, shonld have 

written a report on the results of the researches of that first year, 

while Helland-Hansen, who has had charge of the physical investiga- 

tions since 1900, should have written separate reports on the results 

of the following years. Nansen [l0011 wrote a preliminary accouiit 

of the researches iii 1900, and also began the preparation of his final 

report; biit owing to other pressing work he was for some time 
prevented from finishing it. I n  the inean while a much grzater and 

very important observation-material had been collectecl during the con- 

tinued researches of the s~icceeding years. By thes3 later ~bse~vatioi ls  

the results of the first year were essentially completed, and werc even 

altered on many important poiiits. Helland-Hansen was much occupied 

with the continuous investigations and with other work, so thnt he 

could not commence his report until 1904. 



Under these circumstances we considered i t  preferable to iinite 

our efforts, and we therefore agreed to work up together the whole 

observation-material into one ineinoir, mhich woiild give a more com- 

plete description of the oceanography of the Norwegiaii Sea. Other 

work, and various circuinstances, have, however, hindered us from 

finishing this inemoir until now. The different parts of i t  have been 

written a t  various periods since 1902, aiid i t  is therefore possible . 
that  several recent publications have iiot been duly considered by lis, 

because our inanuscript had been written before they appeared. But 

wherever i t  was possible we have tried to add notes referring to later 

publications of importance. W e  may also inention that  our Plates II- 
XXIVA were printed in 1905. The final discussion of the observations 

has since led us to views and conclusions that,  as regards several 

details, made an alteration of some figures in the Plates desirable; 

but in the text we have called attention to alterations of this hind, 

which we consideied to be important. 

Although the report which we now publish may seem voluminoiis, 

i t  is not as detailed on mnny points as we think that i t  ought to 

liave been, if time had permitted. There are even several questions 

of interest, which we have hardly been able to mention, as we had 

to confine ourselves to the main features. 

li-e hope, however, that we are not too immodest, if we say that  

the great observation-iiiaterial a t  onr disposal has led us to a number 

of discoveries, which are important in several respects, and which give 

great promise for the future. W e  inay mention the new views on 

tlie movements of the water iil the sea mentioned in Chapters VI, VII, 

VIII, IX ,  and X, the discovery of the forination, distribution, and 

uniformity of the bottom-water, Chap. XI,  etc. But of more general 

iiiterest are perhaps the annua1 variations in the currents (the Atlantic 

Current, Chap. VII, and the Coast Cnrrent, Chap. VIII),  and their 

relations to the variations in the cliinate of Norway, the variations 

in the fisheiies, and also the variations in the harvests of Norway, the 

growth of the forests, etc. We have also been able to trace a certain 

relation between these variations and cosmic causes. W e  thinlc that 

these discoveries give us the right to hope that  by coiltinued ilivesti- 



gations i t  will be possible to predict the charaeter of climate, fislieries, 

and harvests, months or even years in advance. 

There is here a great field for fnture investigation into which we 

wish that time would have allowed us to go more fully; but we have 

been obliged to confiiie ourselves at  present to laying dowii the rnain 

lines and pointing out briefly certain great features, while we have 

retained the inore detailed investigations for special works on the 

relatioii between the IIydrosphere and the Atinosphere, and on the 

relation between oceanic currents and biological conditioiis, which we 

hope to publish in a near future. 

The obser~~ations which we now publish have for the inost part 

been collected during the crnises of the Michnel S a ~ s ( 1 ) ;  valuable 

material has also been collected during the cruises of the Heimdal, of 

the Royal Norwegian Navy, in May, 1901 and 1902, and the fishe1.y- 

steamer As7c in November, 1903. A great iiumber of surface-observa- 

tions have been seiit in by captains of sealing-vessels, oiz: FR. SVEND- 

SEN (HvidJisken), INGVALD SVENDSEN (Hvi~jisken and Jusai), P. CHR. 

ISAKSEN (Tora den Blide), and H.  ANDRESEN (Rivalen), of Tromso; 

CHR. LARSEN (Uraniaj, of Aalesund; HAUELAND (qyil), of Bergen; 

J. NILSEN (Ahsel, and IZiiih), A. MARCUSSEN (Hekla, and Vegaj, A. 

STOKIIEN (Capella) and A. B. ABRAHAMSEN (firtuna), of Sandefjord. 

I n  inentioning those who have assisted us in our work we natur- 

ally first of all wish to express our gratitude to Dr. JOHAN HJORT, 
the able leader of the Norwegian Marine and Fishery Researches, 

who with intelligent interest, has always assisted us in every way, and 

to whose enterprise and initiative these investigations are due in the 

first instance. 

W e  also thank Dr. D.  DAMAS, Professor Dr. H. H .  GRAN, Mr. E. 
KOEFOED, Mr. A. M. SCHWEIGAARD, and Mr. HERBERT E. W. LEVIN for 

their valuable assistance in collecting observatioiis during several cruises. 

W e  wish also to teiider special thanlis to the captaiiis of the ships: 

Mr. G. SØRENSEN, and Mr. THOR IVERSEN, masters of the Michael 

Sars, Capt. BURCHHARDT, and Capt. TRYGGVE HOLST, who commanded 

the Heinzdnl on the cruises in 1901, and 1902, and Mr. KJÆRSTAD, 

(1) Tlie nnmes of those who have talren the obserrntions niid collected the 
water-samples are mentioued in oiii Sables 11 and 111. 



master of the Ask. By the able way in which they have navigated 

their ships, and the great interest with which they have furthered the 

investigations, they have an important share in the results. 

Finally we wish to thaiilc the masters of the sealing-vessels, 

mentioned above, for the valuable assistance they have given us, by 

collecting observations and water-samples from the Arctic regions, 

which have been of great importance for our discussion. 

We have previously inade a great many comin~inications about 

our investigntions and some of their results. Summaries of the investi- 

gations have been given for each year in the Annual Report of the 

Norwegian Fishery Investigations (" Aarsberetiiing vedkommende Norges 

fiskerier", published by the Director of the Fisheries, Bergen). I n  3 901 

Nansen gave a preliminary account of some results of the cruise in 

1900. Dr. HJORT [l9011 wrote a paper in Petermann's geographiscl~e 

Mitteilzcqgen, and he has also made communications in several papers, 

and given lectures, e. g. a t  the ineetings of the International Coiincil 

for the Study of the Sea, in "Institut fur Meereskunde" in Berlin 

etc. Helland-Hansen, every year since 1903, has given lectures a t  

the International Courses oil Oceanic Research, in Bergen, where our 

results have been described; he read a paper before the Hydrogra- 

phical Congress in Copeiihageii in 1904 [1904]. He wrote a siiininary 

in Dr. HJORT'S book "Norsk Havfiske" [1905], and he has made 

communications about our woi-IK a t  the meetiilgs of the International 

Council for the Study of the Sea in Ainsterdam (1906) and London 

(1907). Nansen also inade communications regarding our results a t  

the meeting of the Royal Geographical Society, when the Inter- 

national Council was in London in 1907. In  January, 1906, we sent a 

summary on our investigatioris ("Die norwegischen hydrographischeii 

Untersuchungen im Nordmeere", von Fridtjof Nansen und B. Helland- 

Hansen, printed as manuscript, and accompanied by our Plates IL- 

XXIV B) to the membeis of the International Council at  their ineeting 

in Amsterdam. 

I n  his paper on "Northern Waters" [l9061 describing Amundsen's 

oceanographic observations in 1901, Nansen has :tlso mentioned some 

results of oiir investigations; and in a paper of 1907, Helland-Hansen 

has described his current-measureiiients in 1906. 



The station-observations made since August, 1902, have been 

published in the Bulleti~z, edited by the Interilational Bureau for the 

Study of the Sea. 

Owing to these earlier communications, many points which are 

discussed in the present report have already been inentioned in the 

literature by several oceanographeia. W e  may inention, for instance, 

the vortex-movements and the cyclonic circulation-systems in the Nor- 

wegian Sea, the vertical oscillations (and boundary waves) of the inter- 

mediate strata, etc. W e  have not until now, however, had an oppor- 

tunity of giving a full and complete description of our views, and have 

not been able to duly consider the ilse that  has already been made 

of our earlier commuiiications. 

April, 1909. 
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I .  History of the Exploration of the Norwegian Sea. 

A great part of the coasts and surface of the Norwegian Sea, exterid- 

ing between Norway, the Færoes, Icelaiid, Greenlaiid and Spits- 

bergen, had already been explored eight huiidred or a thousand yeam 

t~go by the Norsemen; but what was hidden under the surface of this 

sea-basiii had remaiiied practically a inore or less unkiiown world until 

the Norzuegian North Atlantic Expedition started on board the Voringen 
in 1876. The little tliat was Itnown about its Depths and Physical 

Oceanography before that day, was chiefly based upon more or less 

sccidental observations, talcen by expeditions that liad happened to 

cross this sea iii pursuit of otlier objects; and as the instruments and 

inethods of research were imperfect the observations were, to a great 

extent, of doubtful value. Certain general features of the depths, 

chiefly iiear its edges, and the physical coiiditions, chiefly iiear the 

surface, e. g .  the warm Atlantic Ciirrent (Gulf Streain) on the Nor- 

wegian Side, and the cold Polar Curreiit on the Greenland side etc., 

had been traced out; but the exploration-work oil which our present 

Lnowledge of this sea is based, aiid which has made it the only fairly 

well known part of the Ocean, has all of it been carried out since 1876. 
Amongst the expeditions before that date, the following may be 

mentioned. 

The two chief features of the circulation of the Norwegian Sea, 

712%. the warin Atlantic Current and the cold Polar Current, have evi- 
1 
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dently beeii recognized very early. Already the old Norseinen realized 

the existeiice of the Polar Current, carrying great ice masses south- 

wards along the western side of the Nor~vegiaii Sea along the Green- 

land coast ; and in the " Koriung's Slcuggsjsi" (Speculum Regale) of 

the 13th century, a graphic description is given of this drifting ice. 

The first explorer who is mentioned in literature as having actu- 

all y discovered the Atlantic Current (" Gulf Stream ") entering the 

Norwegian Sea, is MARTIN FROBISHER, who oil his third voyage, in 

1578, in the Atlantic, north-west froin Ireland, met "with a great 

ciirrante from oute of the south-west, which carryed us (by our reck- 

oning) one point to the north-estwardes of oiir said course, which 

curraiit seemed to us to continiie itselfe towards Norway and other 

the north-east partes of the world. " This curreiit was assumecl to be 

"the same whiche the Portugalles meete a t  Capo dlBiiona Speranza", 

and which riiiis "into the greate Bay of Mexico, where, also haviiig a 

let of lande it is forcecl to strilce backe agayiie towardes the north- 

east" [COLLINSON 1867, p. 2321. 

The Nortli Polar expedition oil board the Racelzo~xe and the 

Carcass, under the coininand of JOHN PHIPPS (Lord MULGRAVE), sailecl 

from England across the Norwegian Sea to Spitsbergeii and the Seven 

Islands aiid back in 1773. During this voyage, Dr. IRVING inade the 

first primitive atteinpts to talre deep-sea teinperatures in the Norwegian 

Sea down to 780 fathoins, aiid also to determine the specific gravity 

of the water-strata [PHIPPS, 1774, pp. 141-1471. 011 Aug. 31, 1773, 

he found, in 68" 47' N. Lat., and about 3"  24' E. Long., a tempera- 

ture of O" C. (32 " Fahr.) at a depth of 673 fathoins (1226 inetres) 

which is very nearly correct. But on Julie 20, 1773, in 67" 5 ' N. Lat. 

and about 0" 50' W. Long., he found by the same instrument (Lord 

CAVENDISH'S thermometer) - 3.3 " C. (26 " Fahr.) in 780 fathoms (1426 

rnetres), which is nearly 3"  C. too low. On Sept. 4, 1773, in 65" N. 

Lat., and aboiit 2"  E. Long., Dr. IRVING found, by an insulated water- 

bottle of his own constriictioii, a tem.perature of 4.4" C.  (40" Fahr.) 

a t  the bottom in 683 fathoins (1249 metres), which is about 5.5" C .  
too high. 

This last soiindiiig brought up a bottoin-sairiple of blue clay, and 

i t  is the first sotinding on record, to reacli the bottom of the deep sea. 
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Between 1806 and 1822, J. SCORESBY and his son W. SCORESRY 

made a number of cruises in the northern Norwegian Sea, chiefly for 

whaling, which resulted in a book by the latter about the Arctic Seas 

[l 8201, which is a standard work for its time, and contains miich new 

and valnable information aboiit the northern Norwegian Sea, its cur- 

rents, ice, etc. His description of the East Greenland Polar Ciirrent, 

and the formation, distribution, and movements of its ice, is especially 

valuable. His deep-sea teinperatures are iniicli too high, omring to the 

imperfect instruments (a lcind of insulated water-bottle) of that time 

(e. g. 2.8" C. and 3.3" C. at 1335 and 1392 metres in 79" and 78" N. Lat.). 

I n  1818 the expedition on board the Dorothea and the Tre&, 

under Captain DAVID BUCHAN and Lieutenant JOHN FRANICLIN, sailed 

from England to Spitsbergen and the sea between Spitsbergen aiid 

Greenland. Soine observations on deep-sea temperatures (very iinper- 

feet), currents, and the distributioii of ice were made [BEECHEY, 18431. 

On his fainous North Polar expedition on board the Hecla, iii 

1827, Sir EDWARD PARRY took obervations of the surface-temperature 

of the Norwegian Sea and the Spitsbergen Sea, and also made some 

determinations of the temperature and specific gravity belom the sur- 

face (at moderate depths) of the latter [PARRY, 18281. 

During the French expedition oil board L a  Recherche, in 1838 

and 1839, to Norway and Spitsbergen, observations of the tempera- 

tiires of the sea were made by BRAVAIS aiid MARTINS [1839]. 

I n  1860 the expedition on board the Bulldog under the coininaiid 

of Sir LEOPOLD M'CLINTOCK, took soundings and temperatiire-obser- 

vations in the sea between the Færoes, Iceland and Greenland, with 

the view of examining the possibility of carrying a telegraph-cable 

via this route to America. The first valuable soundings oil the ridge 

between the Færoes and Iceland were then taken. 

I n  an interesting paper, of 1861, Admiral C. IRMINGER of the 

Royal Danish Navy, discussed the curreiits round Iceland His con- 

clusioiis were based on the observations of surface-temperatures and drift, 

collected yearly by vessels sailing to Iceland and Greeiiland. He 

pointed out that a warm Atlantic Current runs north-west and north- 

wards along the south-west and west coast of Iceland, wliilst a cold 
current, carrying ice - the East Greenland Polar Current - runs 
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southwards oil the other side of the Denmarlc Strait. He also 

pointed out that a braizch of the Greenland Polar Current runs east- 
wards, north and east of Iceland [see 1843, 1853, 1861, 18701. 111 this 

coiinection it may also be mentioned that another Dane, Professor 

COLDING [1870], who in his view of oceanic circulation was much 

ahead of his time, held the view that Irminger's warin current 

gradually tiirned westwards, west of Icelnnd, and then south-westwards 
with the Greenland Polai- Current ; while PETERMANN [l 8701 thought 

that it ran towards the north-east and east round the north coast of 

Iceland. Later observations have proved that both views are correct, 

as the current divides; but it is the greater branch that runs towards 

the west m d  south-west as assumed by COLDING. 

During the Swedish expeditions to Spitsbergen and the northern 

seas, in 1858 under the leadership of O. TORELL, and in 1861, 1863- 

1864, 1868 and 1872-1873 under the leadership of A. E. NORDENSITIOLD, 

oceanographic observations of various Biizds were made. An especially 

important expedition in this respect was that of 1868, on board the 

Soja, during which many soundings and temperature observations were 

talcen [FRIES and NYSTROM, 18701. Very great depths, of as much as 

4846 metres (2650 fathoms), were supposed to have been discovered 

west of Spitsbergen, forming the so-called "Swedish Deep"; but the 

Swedish expedition under NATHORST, in 1898, found that this deep 

hollow does not exist; the deep sounding of 1868 must have been a 

mistalce due to imperfect methods. 

I n  1868 and 1869, two German expeditions were made in the 

Albert and the Biene~korh, by BESSELS and DORST, to the Spitsbergen 

waters. Observations on sea-temperatiire and the distribution of ice 

were collected [DORST, 18771. 

During the German North Polar expeditions under the leadership 

of Captain KOLDEWEY, on board the Germania in 1868 (to the sea 

between Norway, Greenland and Spitsbergen), and on board the Ger- 

mania and Hansa to East Greenland in 1869-1870 [1873], valuable 

soundings and temperature-observations were taken, especially in the 

region of the East Greenland Polar Current. 

The Lightning Expedition, in 1868, under the scientific leadership 

of Sir WYVILLE THOMSON and Dr. WILL. B. CARPENTER, was the first 
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English scieiitific deep-sea expeditioil. The sea between the Hebrides 
and the Færoes, forining the real entrance to the Norwegian Sea, was 

investigated, arid the Færoe-Shetland Channel was discovered and ex- 

plored. Some important observations on the relatioii between animal 

life and deep-sea temperatures were made, and a distinction was drawn 

between a cold deep-sea area of Arctic origin and a warin area of 

Atlantic nature. 

This important expeditioii was followed by another on hoard the 

l'ovcztpine (Capt. CALVERT) in 1869, under the saine scientific leaders. 

Two cruises were inade west and south of Iceland, whilst the third 

cruise explored the sea between the Hebrides, the Shetlands, aiid the 

Færoes. The Færoe-Shetland Channel was explored, and important 

observations of the deep-sea temperatures were made. I n  the "cold 

area" of this deep channel, between 60" and 62" N. Lat., bottom- 

temperatures of -0.7" C. and - 1.3" C. were observed in 900 and 

1100 metres; whilst in the "warm area", south of 60" N. Lat., and 

separated from the latter by a ridge, bottom-temperatures of 7.9" C. 

in 650 metres, and between 5.9" and 5.2" C. in 1300-1400 inetres, 

were observed [1870]. 

Dtiring a, cruise, in 1871, to the sea on the western side of Spits- 

bergen (between 73'12" and 81" 20' N. Lat.), LEIGH SMITH made ob- 

servations of deep-sea temperatures, and found unexpectedly high tein- 

perattires in the upper water-strata, which might indicate a warm cur- 

rent off the west coast of Spitsbergen. I n  a depth of 457 inetres, iii 

73" 27' N. Lat. and 20" 21' E. Long., he observed a bottom-tempera- 

ture above zero Centigrade (0.6 o C.) 

During the expeditions of the ishjiM.12 under the command of 

WEYPRECHT [1871, pp. 457-4631 and Count WILCZEK, in 1871 aiid 

1872, important observations of depths and deep-sea temperatures were 

made in the sea between Norway, Bear Island, and Spitsbergen, and 

i t  was discovered that the bottom-water of this shallow sea might 

have temperat~ires above 0" C. as far north as between 71" and 75" 

N. Lat. West of southern Spitsbergen a warm surface-layer, 400 metres 

deep, was observed, whilst the bottoin-teinperature a t  457 metres was 

- 0.7" C. Many oceanographic observations were made in the Bar- 

ents Sea during these two expeditions, as well as during the Yeget- 



B HELLAND-HANSEN AND NANSEN [REP. NORW. FISH. 11 

thqf Expedition, in 1872-1874 [WEYPRECHT, 1874, pp. 65, et seq. 

and 1878, pp. 345 et seq.]. 

Through the yearly cruises of the Norwegian snrveying-vessel, 

Harzsteen, after 1867, as als0 thi-oogh the Norwegian Coast Snrvey be- 

fore tliat time, the chief bathyrnetrical features of the sea off the 

Norwegian coast gradually became known; and by British and Danish 

soundings, the chief bathyrnetrical featiires of the sea near the Shet- 

lands, round the Færoes, and Iceland, had also during this tirne been 

studied. 

It should be added that siiice 1869, on Prof. MOHN'S initiative, 

captains of Norwegian sealing-vessels have yearly made temperature- 

observations in the Norwegian Sea and the Spitsbergeii waters (as also 

in the Barents and Kara Seas), a,nd valuable observation-inaterid has 

thiis been collected. 

On n voyage to Greenland in 1875, Prof. AMUND HELLAND made 

observations of the sinount of chlorine in the surface-water of the 

northeril North Sea, and the soiithern Norwegian Sea [18761. 

The above-mentioned explorations, before 1876, had been confilled 

almost entirely to the oiitskirts of the Norwegian Sea, e. q. the sea 

between Scotland and the Færoes, near the east coast of Greenland, 

the sea between Spitsbergen and Norway, and the sea off the Nor- 

wegian coast. But the Norwegian Sea itself, with its deep basins, 

its temperatnres, salinities, and currents, was still practically a mare 
i9zcognitzcm, when the Norwegian V h l z g e ~  Expedition began its worlc 

tinder the scientific leadership of Prof. H .  MOHN and Prof. G. 0. 
Sans. The worlc was carried on during three suininers (1876-1878), 

and 375 Stations with deep-sea souildings were talcen in all parts of 

the sea between Norway, the Færoes, Iceland, Jan Mayen, Spitsbergen 

(as far north as 80" N. Lat.), Bear Island, and Finmarlc. The oceano- 

graphic results of this pioneer-expedition are chiefly recorded iii MOHN'S 

important Meinoir on the "North Ocean" (the Norwegian Sea) revea- 

ling the principal, hitherto unknown bathymetrical features of the 

Norwegian Sea Basin [MOHN, 1877; 1878; 1887; see also TORNOE, 
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1883, and SCHMELCE, 18811. The leading features of the vertical ancl 

horizontal distributioii of teinperature in this sea were also clearly de- 

inonstrated. The deep-sea thernioineters, however, were a t  that time 

still very iinperfect, and i t  was only in the last year, 1878, of the 

expedition that the NEGRETTI cSi ZAMBRA Reversing Thermoineter was 

introdiiced. This thermoineter marlcs a great improvement iii oceano- 

graphic research; but iinfortiinately the reversing arrangement (a 

wooden case) used during the cruise of the Voringen, in 1878, was 

not satisfactory [cf. NANSEN, 1906, p. 581, and therefore the deep-sea 

observations taken with this instrument were not as good as they 

otherwise might have been. But considering the imperfect instruments 

at MOHN'S disposal, it rnust be acknowledged that his teinperatul-es are 

oil the whole remarkably good. His observations of the temperature 

of the bottom-water cati be very easily coiitrolled, as this water has 

a very uniforin teinperature (see later). They have a niarlced tendeiicy 

to be too low, especially in the sea soiith and south-east of JaiiMayen, 

and in the northern part of the Norwegiaii Sea, where his final values 

are even as mucli as 0 . 3 O  C. (Stat. 302) too low. These errors have 

led him, for instance, iiito the niistalce of believing tliat the bottoin- 

temperatures should be lowest under the East Greenland Polar Cur- 

rent (cf. his inap of the Temperature of the Sea at the Bottoin 011. 

c i t .  1887, Pl. XXV.) 
Owiiig to the iinperfect inethods of the time, the determiiiatioiis 

of the specific gravity and the salinity of the sea-water were not 

sufficiently accurate, and by coinputing the densities froin these de- 

teriniiiations MOHN has arrived a t  inisleading results as to the 

horizontal and vertical distribution of the density of the Nor- 

wegian Sea, 

MOHN'S discussion of his results aiid of the circulatioii of the 

Norwegiaii Sea is the first atteinpt to adopt a wholly matheinatical 

method for the calculation of oceanic circulatioii; and it inarks the 

beginiiing of a new era iii Physical Oceaiiography. But as his dis- 

cussions are based upon iinperfect observation-material, i t  is not to be 

expected that the results would be very correct. He has, however, 

fouiid certain great features in the circulatioii of the surface-layers 

which are of iniportance. The differeiice between his system of circula- 
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Fig. 1. The Circulatioii of the Norwegian Sea as represented by iV101rr1 
[1887, 1'1. XLIII]. 

tioii and the views our observatioiis have led us to, is best seer1 by a 

comparison of his map of the ciirrents (Fig. l), with onr figure of 

the circulation (Fig. 2). 

For his discussion of the surface of the Norwegian Sea, MOHN 

liad also a great iiumber of surface-temperature observations, which, 

by his arrangeinent, had been collected yearly by Norwegian sealers 

on their voyages to  the Arctic regions, as already inentioned. 

I n  the summers of 1877, 1878, and 1879, some important cruises 
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north of Iceland. The existence of the suboceailic ridge betweeii 

Icelaiid aiid Greeiilaiid was etablished. The depth of the warin waters 

of the Irminger Curreiit, off the western Icelandic coast, was cleter- 

mined, and its eastward contiiitiation rouiid the north coast, was 

tmced. The cold bottoin-water. as well as the cold, Polar surface- 

layers overlyiiig wariner water, were observed in Deilinarli Strait aiid 

iii the sea, north of Iceland. The lowest values that were found for 

the temperature of the bottoin-water are, howevei, too low (- 1.8" 

alld - 1.9 O C.) 
During NORDENSI~IOLD'S famoiis Vega Expeditioii round Asia, in 

1878-1879, and the Dutch Willenz Bavefzdsz Expeditioas in the siiiii- 

mers of 1878-1882, under coininaiid of Lieutenaiits de BRUIJNU and 

v. BROCHHUIJZEN, valuable oceanographic observations were made in 

the Barents Sea, which are not, however, of direct iinportance for a 

knowledge of the Norwegian Sea. 

The expeditioii on board the IL~ziyht 15~?.unt, under Staff-Coin- 

iiiniider TIZARD, in 1880, explored the Færoe-Shetland Cliaiinel and 

the Wyrille Thoinsoii Ridge [TIZARD and MURRAY, l880 ; 1881-821. 

Tliese e x p l ~ ~ a t i o n s  a e r e  continued iii 1882, during the expeditioii 

in the Il~ito~z, of the Britisli Royal Navy, with Sir JOHN MURRAP 

[1882; 1883, p. 6121 as scientific leader. Numeroris souiidiiigs aiid 

physical observations were taken, especially on the Wyville Thomsoii 

Ridge and oil both sides of i t  towards the deep sea. 

By the two last-inentioned expeditions t'he existence of tlie Wy- 

ville Thoinsoii Ridge, Tvas finally settled, and its coiifiguratioii aiid 

pliysical coiiditioiis traced out. Thus i t  was firidly proved that  Eiirope 

(Scotlaiid) is connected with Greenland by a contiiino~zs suboceanic 

ridge extending froin Scotland to the Færoe Baiili (see fig. 8), fi*oin 

the F ~ r o e s  to Icelaiid, tlience across Deninarli Strait to Greenland. 

The saddle-depths of the ridge hardly exceed 550 metres (300 fathoins). 

By this iidge, the deeper parts of the Norwegiaii Sea Basin are eiitirely 

shut off from those of the Atlantic, and the cold bottom-water of the 

former is preveiited from running into the latter. The existence of 

this ridge is a feature of vital iinportaiice for the eatire circulatioii 

of the Norwegian Sea. It forins a barriei to the moveiilents of the 

mater-inasses, eveil those of the surface, as will be iiieiitioned later; 
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and its depths regulate the depths of the few curreiits coniing in aiid 

running oiit from this basill. 

During NORDENSKIOLD'S expeditioii iii the Sqfia, to Greenlaiid, 

iii the suminer of 1883, Dr. AXEL HAMBERG [1884; 18851 took several 

vertical series of observatioiis in the region of the Polar Curreiit aloiig 

the east coast of Greeiilaiid, south of the Icelaiid-Greenlaild Ridge 

His six vertical series of teinperatures (Stats. 4, aiid 61--65, 7. c., pp. 

12 & 13) aiid soine salinities, off the coast noiS1i of 65" N. L a t ,  in 

coiinection with a few observation-stations of the Ingovexpeditioii, forin 

the oiily li-iiown material that  affords an idea of the voliiine aiid 

physical coiiditions of this branch of the Greenland Polar Ciirreiit, 

ruiiiiii~g out of the Norwegian Sea Basill Under the waters of the 

Polar coast-ciirreiit, HAMBERG found warm water, which he assiilried 

to be a continiiatioii of the Irminger Current. His deep-sea tempe- 

ratures were tali-en with the NEGRETTI & ZAMBRA Reversing Therinoineter, 

aiid a reversing arrangement of his own construction. Tliey iiiay there- 

fore be expected to be very trustwoi-thy. 

I n  1891-1892 captain C. RYDER, of the Danish Royal Navy, 

inade his expeditioii in the Hekla to the northern east coast of Greeii- 

land, aiid tooli- a number of soiiiidings aiid vertical series of tempe- 

ratiires in the sea betweeii Iceland, J an  Mayen, aiid Greeiilaiid, aiid 

iii the sea east of Greenland betweeii 74" aiid 76O N. Lat., where, 

by a series of six stations, he obtained the first and a inost valunble, 

traiisverse section of the East Greeiilaiid Polar Current demonstrating 

the verticd and horizontal distribiition of teinperature in this curreiit 

and its underlyiiig waters, as also iii the sea east of the ciirreiit [RYDER, 

1895, pp. 191-2791, RYDER'S temperatures were talcen witli Negretti 

Zanibra Reversing Thermometers, aiid appear to be trustworthy; 

they are the best deep-sea teinperatures talceii iii the Norwegian Sea 

iip to tliat tiine. The deteriniiiations of the specific gravity aiid saliiiity 

of the sea-water, are not sufficiently acciirate [cf. NANSEN, 1902, p. 407; 

1906, pp. 58-59]. Oiie of RYDER'S most important oceanographic 

resiilts is perhaps his discovery of a layer of warin water underlyiiig 
the cold water of the Polar Ciirreiit near the Greenland coast. 

During the Fq-am Expedition across the North Polar Basin, iii 

1893-1 806, no oceanographic observations of iinportance were niarle 



12 HEL1,AND-HANSEN AND NANSEN [REP. NORW. FISEI. 11 

in the Norwegian Sea; biit its investigations of the physical coiiditioiis 
of the North Polar Basin are nevertheless important for an  under- 

standing of those of the above-mentioned sea, especially the East Green- 

land Polar Ciirrent, the underlying warmer waters, and the bottonl- 

water, etc. The observations of the deep-sea temperatures are fairly 

accurate, especially those takeii in the various suminers; but the de- 

terminations of the specific gravity and salinity are not satisfactory, 

as  they were chiefly made by ineans of floatiiig hydroineters [NANSEN, 

1902; 19041. 

I n  1893-94 Mr. H. N. DICICSON [1894], on board the Jackal, 

made several sections, with observation-stations, across the Færoe-Shet- . 

land Chaniiel, and investigated the oceanographic conditions of this 

very important region. 

I n  the autumn of 1893 Dr. JOHAN HJORT began oceanographic 

investigations along the southern and western coasts of Norway on 

board the Heimdal of the Royal Norwegian Navy. These investiga- 

tions have been carried on duriiig succeeding years especially iii the 

regions of the spring herring fisheries. In January, 1895, Dr. HJORT 
also made similar investigations on the Vikten Banks off the Naindal 

coast; and a number of vertical series of temperatures and water- 

samples were taken by Captain KNAP in the Lofoten waters, in February 

and March, 1895 [HJORT, 18961. Similltmteously with these coast 

investigations, surface-temperatures and water-sainples were also, by 

Dr. HJORT'S arrangement, regiilarly collected, after 1894, along various 

Norwegian steamship roiites between Norway, England, Hamburg and 

Antwerp. The whole material thus collected was described and dis- 

cussed by Dr. HJORT in 1895 [l8961 and much valuable information 

has been obtained, especially with regard to the coast-waters along 

the coasts of southern Norway, their vertical and horizontal distribu- 

tioii, and their seasonal and annua1 variations. The deep-sea tempera- 

tures were chiefly takeil with the NEGRETTI & ZAMBRA Reversing Ther- 

inometer, and are on the whole trustworthy. The determinations of 

the salinities, however, like all salinity-determinations of that  time, 

are not sufficiently accurate as regards oceanic waters; but as far  as 

the coast-waters, with their great variations, are concerned, they are 

nevertheless of soine valiie. 
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I n  the succeeding years, 1593-1897, Dr. HJORT, partly in 

cooperatioil with Mr. O. NORDGAARD and Dr. H. H. GRAN, contiilued 

his investigations aiid extended thein northwards as far as the sea off 

Lofoteil. H e  was also able to extend thein across the Norwegian Sea 

by  nea ar is of a great many vertical series of observations talcen down 

to 200 and 300 inetres during two criiises of the Heintdal of the 

Royal Norwegian Navy, between Norway and Iceland, in May 18D(i 

ancl 1897, and in the i4ntarctic and aiiother vessel (both belonging to 

Mr. J. BULL of Tonsberg) between Utsire (Norway) and Iceland in 

March, 1897, and between Iceland and Hammerfest in April, 1807. 

By HJORT'S arraiigement, numerous snrface-observations were also col- 

lected by several captains of Norwegian sealing-vessels iii the Nor- 

wegian Sea between Norway and the Arctic regions (near J an  Mayeii 

ancl Spitsbergen) in  1896 aiicl 1897. The material thiis obtairied bas 

been describecl and discussed by HJORT and GRAN (18991. The great 

annua1 variations which tliey believed they had fouad in the extent 

and width of the warm Atlantic Cnrrent in the Norwegian Sea, are 

basen upoii the values of saliiiity obtaiiled by titrations of the water- 

sainples collected. The determinations of the salinities are, however, 

not snfficiently accurate to prove anything in this respect, the npper 

and lower liinits of the errors of observation being obviously farther 

apart thail the possible aiuplitiide of the variations of salinity iii 

the Sea. 

The oceanographic investigatioils by Mr. MARTIN KNUDSEN [l8981 

of the Danish Ingolf Expeditioii (under the cominaild of Admiral C. 
F. WANDEL), in 1895-1896, ill the sea roiind Tcelaiid and Greeil- 

land, and between easteril Iceland and Jan  Mayen mark ai1 important 

advaiice iii the kilowledge of the easteril part of the Norwegian Sea 

Basin. The deep-sea teinperatures were determined by reversing. therino- 

ineters from NEGRETTI & ZAMBRA, and also by sorne of M. KNUDSEN'S 

constriictioil. The thernioineters were carefully tested aiid controlled, 

and the teinperatures obtained appear to be very trustworthy. KNUD- 

SEN'S deterininations of the salinity of the water-strata are inuch better 

than those of previous expeditions, bilt his values, especially for 

Atla,ntic water and bottorn-water, are nevertheless not sufficiently 

accurate [cf. NANSEN, 1906, p. 571 to be of mnch value for coinparison 
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witli inodern observatioiis. MARTIN KNUDSEN'S investigations yielded 

valtlable information respecting the East Iceland Arctic Cnrrent, the 

warni Atlaiit,ic Cnrreiit on the sout,h coast of Iceland, and the Inninger 

Currcnt, the last-nained dividing into two branches oiie turning west 

aiid south-west in Denmark Strait towards the East Greenland 

Polar Curreiit, and one running townrds the north-east and east ronnd 

the north coast of Iceland. The courses of these currents were tracecl 

tliroogh iiuinerous stations. K a u n s ~ a ' s  observations confirined MOHN'S 

view that no cold bottoin-water from the Norwegian Sea ruiis over 

the Fzeroe-Iceland Ridge. His observations in Deninark Strait also 

iiidicate that  i10 appreciable quantity of water of this kind crosses the 

Lcelaiid-Greeiilaiicl Ridge, although a t  oiie statioii (Stat. 12, see l .  c 

Section X, Pl.  XXIV), tliere was perhaps a slight indication of i t  a t  

;L depth of 1958 inetres. 

During the Iiigolf Expeditioii the bathymetrical features were 

d s o  studied by iiumerous soundings taken iii tlie above-inentioiiecl 

regions of the sea [C. F. WANDEL, 18981. 

During ANDREE'S expeditions to Spitsbergen in 1896 and 1897, 

iltimerous observatioiis of the siirface-temperatnre and salinity of the 

sea between Norway and Spitsbergen were collected a t  the reqoest of 

Prof. O. PETTERSSON and Mr. G. E E M A N ( ~ ) .  Prof. SVANTE ARRHENIUS 

who accoinpanied the expedition of 1896, iii the Vil:go, took also a 

ilurnber of vertical series of temperature and water-sainples. Six of 

these series are of special interest, ARRHENIUS'S Stations I-VI lying 

iii a line, exteilding in a south-westerly direetion froin the north- 

western corner of Spitsbergen, and crossing the Spitsbergen Atlantic 

Current. Both the temperatures and the water-sainples were talcen by 

means of a Pettersson Insulated Water-bottle of the old construction. 

They are not srifficiently accurate [cf. NANSEN, 1906, pp. 59--601; bilt 

this Section is ilevertheless valuable as i t  gives information coneeming 

the wann current west of Spitsbergen. 

In  the years 1896-1900, two sealers of Troniso, capt. H. ANDRE- 

SEN and capt. H. C. JOHANNESEN, took observations of surface-tein- 

peratures ancl samples of surface-water, for the Bergen Museum, during 

their criiises between northern Norway and the sea between J a n  

(1) O. P ~ ~ r ~ x n s s o s ,  C;. Ertaralv, and P. T. CLETE [1898]. 
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Mayen and Spitsbergen. These observations have been described by 

Mr. O. NORDGAARD [1901]. 

I n  1898, betweeii March and September, iiuinerous surface-observa- 

tions' and solne vertical series were talcen, by Dr.  HJORT'S arrangeineiit, 

in the Norwegian Sea, between Norway, Iceland, aiid the Arctic 

regioiis, by the Heiindal, of the Royal Norwegian Navy, and several 

Nor~eg ia~ i i  sealers and other vessels. This material, aiid also a few 

series of surface-observatioi~s froin 1897, have been described and dis- 

cussed by Dr.  H. H. GRAN [l9001 who during the suminer, July-Sep- 

teinber of 1898, as well as the followiilg suinmei, 1899, made oceano- 

graphic investigations in the region of the West-Fjord and the Lofoten 

and Vesteraalen Islands, where he took numerous vertical series of 

temperature and salinity. 

During the NATHORST Arctic expeditioii in 1898, niost valuable 

souiidings were taken iii the Greenland Sea, west of Spitsbergen, by 

which i t  was proved that  the so-called "Swedish Deep" does not 

exist. I n  the regioii of the supposed great depth of 4846 metres 

(2650 fathoms) of the Sqfia (18G8), there was only foiiiid a depth of 

2690 inetres, and soniewhat farther soutli 2750 metres. The greatest 

depth observed in the sea mest of Spitsbergen was 3160 inetres [cf. 

NATHORST, 1900, I, pp. 193--197 HAD~BERG, 1906, 13p. 40-42.1 

Observations of Physical Oceanography during this expedition were 

talreii by Dr. AXEL HAMBERG [1906]. The deep-sea teinperatures were 

chiefly taken by reversing thertnometers of NEGRETTI <YI ZA~IBRA and of M. 

I~NUDSEN, and the observations appear on the whole to be very trust- 

worthy(l), although RAMBERG himself states that  ttlriey could not be 

iliade very accuratefy owing to the shortness of tiine. The deep-sea 

water-samples were chiefly taken with two water-hottles of HANBERG'S 

construction, and with an old EICMAN Water-Bottle (of the old coii- 

( l )  One exceptioii to this is  the teniperatiire of 0'6' C. a t  1000 metres, Statioii 
Jf, iii 7 7 O  30' N. Lat. and 1 18' E. Loiig. [1906, p. 37, 'k Pl. 1111. Siich n high 
temperature cailiiot occur a t  tliis depth iii this region; aiid moreover the observatioiis 
tliemsel\~es prove the impossibility of it, as the valiies of temperature aiid salinity 
(34.94 '/no) give n miich lomer deilsity (28'04) a t  1000 inetres tliaii a t  600 nietres, 
where i t  i s  28.10. Provicled that  the  tempcrature of - 0'06O C., a t  500 metres, has 
been correct, the teml~eratiire at l000 rAetres has prol~ably 11een abont -- 0'7 [cf. 

NAasEN, 1906, Pl. Y]. 
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structioii). HAMBERG [l  906 p. 131 says about the latter instrumeiit 

that  i t  leaked, sometimes eveii appreciably, and his values of salinity 

seem to indicate that the two other water bottles have occasioiially 

clone the saine, which is hardly to be wondered at, seeing that the 

lid aiid bottoin of the bottles were united by a stiff rod or tube, as 

i11 the SIGSBEE and in the old EICMAN water-bottles, and oiily dropped 

by their own weight to close the water-bottle, without anything to 

press them together. A PETTERSSON Iiisulatecl Water-Bottle was also 

sometiines used for moderate depths. The ainonnt of chlorine in the 

water samples was deterinined by titration and the salinities computed 

according to tlie inethod formerly used by O. PETTERSSON. Dr. HAMBERG 

has however not been aware tliat the values of salinity obtained by 

this niethod are not directly coinparable with those of KNUDSEN'S 

Tables, but sliould be about 0% O/oo higher or inore [cf. NANSEN, 

1906, p. 601. His values of deiisity (and specific gravity) computed 

by Knudsen's Tables are therefore too high. His valiies of salinity 

do not appear to be quite trustworthy, as is proved by his saliiiities 

of the "bottoin-water" from depths betkveen 1000 inetres and the 

bottoin, and with temperatures below 0" C. His values [1906, pp. 37 

c& 381 vary between 34 94 aild 35.08 O/oo, while they should have beeii, 

aboiit 34.97 O/oo, with his inethod (or froin 34.92 to 34.93 O/oo accord- 

ing to KNUDSEN'S Tables). It is impossible to say whether this inac- 

ciiracy has been chiefly due to faiilts in the water-bottles, or to eva- 

poratioii throngh the cork-stoppers of the bottles iii which the sampies 

were brought hoine, or to errors of the titiations. 

HAMBERG has talwn a number of inost iilterestiiig statioils witli 

cleep-sea observatioiis between Norway ancl Spitsbergen and in the 

Greenland Sea, which will be ineiitioned later. His series of five or 

six stations, in aboiit 78" N. Lat., between Spitsbergen and the ice 

are of special interest to us. Our Pl.  X I I I  of the present ineinoir, 

had been printed before HABIBERG'S work appeayed, so that his resalts 

could not be introcluced in thein 

HABIBERG als0 collected numerons surface-observatioiis cluriiig the 

expedition. Iii Jnne, July, and August of the saine year, siirface- 

observations (teinperatures and water-samples) were collected from the 

Spitsbergen waters and the Greenland Sea by three Norwegian sealers 
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from Tromso, Capt. S. KRLCMER, Capt. J. KJELDSEN, and Capt. K. 

JOHANNESEN. By means of this great observation-material, HANBERG 

has been enabled to give an important description of the distribution 

of the temperature and salinity on the sea-surface in these regions in 

July and August 1898 [1906, Pl. 111. His description of an isolated 

area of water with comparatively high salinity (above 34.0 O l o o )  along 

the northern coast of Spitsbergen, is of special interest as also that 

of a branch of similar waters extending westwards into the Green- 

land Polar Current in 78" N. Lat. The latter branch inclicates, 

according to our view, that a part of the Spitsbergen Atlantic Cur- 

rent is deflected westwards between 78" and 79" N Lat. which is 

also proved by HAMBERG'S most westerly Stations N and 0. 
By numeious drift-bottles, thrown out during the expedition, 

HAMBERG has als0 studied the direction of the snrface-ciirrents. 

During the NATHORST Expedition to East Greenland in 1899, 

surface-observations and a nuinber of vertical series of temperatures 

and salinities were taken by Dr. FILIP ÅUERBLOM [1904]. The series 

talren in the region of the Polar Current off the east coast of northern 

Greenland, are of special interest (cf. our Pl. XIII ,  Stats. N VI- 

NXII, in map of Stations). ÅKERBLOM'S values of the deep-sea tein- 

peratures observed may be assumed to be on the whole fairly satis- 

factory; but liis salinities are less trustworthy [cf. NANSEN, 1906, 

pp. 60 & 611. His observations give additional information about the 

nature of RYDER'S intermediate layer of warm water underlying the 

cold water of the Polar Current. 

I n  May-June and July-August, 1899, Admiral S. MAKAROFF 

[l9011 made two cruises in the Yernzak to Spitsbergen, and toolc 

numerous soundings and vertical series of temperatures in the Nor- 

wegian Sea between Tromso and Spitsbergeil, and in a line betweei~ 

England and Spitsbergen, as also in the sea west and north 

of the latter. MAKAROFF'S deep-sea temperatures were talren with 

reversing thermometers, and appear to be trustworthy, but his 

numerous specific gravities (and salinities) were unfortunately deter- 

mined by ineans of the floating hydrometer, and are of but little 

value, except for those surface-layers in which the variations are 
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I n  1899 0. PETTERSSON gave a preliminary report of surface- 

observations along two steamship-routes across the Norwegian Sea in 

March, 1898, which, he considered, proved that  the North Atlantic 

Current was entirely overflowed by colder and less saline Polar water 

in about 65" N. Lat.  

During his expedition to the Greenland east coast, in June and 

July, 1900, Captain G. AMDRUP took a number of surface-observations 

(temperatures and water-samples) and three vertical series of tempera- 

tures and salinities in  the region of the Greenland Polar Current, one 

west of J a n  Mayen and two off the east coast of Greenland [1902, 

pp. 343-352].(1) AMDRUP'S values of salinities, on the whole, are 

obviously somewhat too high, but after having been reduced by 0.04 O/oo 

the salinities of his stations I1 and I11 agree well with what might 

be expected [NANSEN, 1906, pp. 61 & 621. His temperatures were 

determined by the Pettersson Ins~ilated Water-Bottle of the old con- 

struction, and cannot be expected to be very accurate, but are never- 

theless very fair. 

During the K o ~ ~ ~ o ~ ~ - E x p e d i t i o n  in the FrithjoS, to the north 

of East Greenland, Mr. HJ. OSTERGREN, in July 1900, toolc two verti- 

ca1 series of temperatures and water-sainples, down to 3 100 metres, 

one north-west of J a n  Mayen, and one between Greenland and Spits- 

bergen [PETTERSSON and OSTERGREN, 1901, pp. 325-329].(2) The 

salinities observed are too high and have to be recluced by about 

0.10~/oo or perhaps a little more; and the temperatures, especially for 

the deep water-strata, are not very acciirate, as they were taken with 

a Pettersson-Nansen Water-Bottle, without even a fixed t h e r m ~ m e t e ~ ,  

so that  the thermometer had to be inserted when the bottle came up. 

I n  several cases the releasing propeller of the water-bottle has not 

acted properly.(3) The observations a t  these two stations are never- 

theless very interesting, as the stations are situated in parts of the 

Norwegian Sea in which f e ~ v  or no observations had been taken before. 

A t  both places layers of warm water, of considerable thickness, were 

found underlying the cold top-layers. 

(1) Cf. oiir Pl. XIII, Stations Ap II--Ap I V  @) Cf. our 1'1. XIII, St,ations F I1 and F I. 
(3) Cf. NANSEN, 1906, pp. 62-64. 
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I n  1899 and 1900, Captain C. RYDER, assisted by the Danish 

Meteorological Institute, studied the currents, chiefly in the sea between 

Norway, Scotlaiid, and Iceland, and also in the North Atlantic, by 

means of drift-bottles. A great numbeil of bottles were thrown out 

by himself and by captains of other ships. RYDER has described the 

results thus obtained in an interesting paper [1901], and by coinbining 

them with the results of similar experiments made during his own 

expedition in the Hekla in 1891-1892, an during the I.gov Expedi- 

tioii in i 896, he has constructed a chart of the currents in the North 

Atlantic which is interesting in several respects. 

The distributiorz of the ice in the northern and eastern parts of 

the Norwegian Sea has been described in several publications which 

shonld also be mentioned here. The observations have chiefly been 

made by Norwegiarz seaiirzg vesseis. Captain CARL RYDER, in 1896, 

gave a description of the distribiitioa of ice in the sea off the east 

coast of Greenland in the years 1877 to 1892 (RYDER, 1896; RYDER 

and CORA, 18971, chiefly based upon material which had been collected 

by Prof. H. MOHN froin Norwegian sealers. Since 1895 the Daiiish 

Meteorological Office (with Capt. V. GARDE as editor) has regularly 

collected observations of the ice from various sources, and has pnblished 

them in an annua1 seilies of maps, one for each month between March 

or April and August or September [The Nautical Meteorological Anrzual 

of the Da'13ish Meteoroiogical I~st i tute ,  1895 and following years].(l) 

Regular observations of the temperature, salinity, and plankton 

of the sea-surface have been talcen in late years along the routes of 

Danish ships sailing to Iceland and Greenland, under the super- 

intendence of Admiral C. E. WANDEL. These have been published in 

several reports by WANDEL, MARTIN KNUDSEN, aiid C. OSTENFELD. 

They are of great interest in as much as they contribute to the 

knowledge of the conditions of the sea-surface along the soiithern 

margin of the Norwegian Sea, the observations having been carried 

or1 during nearly all the months of the year. 

(1) Amongst other publications on this subject, see CHAVANNE [1876]; PETTERS- 
SON [ l  9001 ; BRENNEGILE [l9041 ; MEINARDUS [l SOG]. 
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Period after 1900. 

The o~eanog~aphic researches which had been begun by Dr. 

HJORT in the waters along the Norwegian coast in 1893, and carried 

on during the succeeding years under his superintendeiice and to a 

great extent by himself personally, had gradually been extended into 

the Norwegian Sea. and had yielded results of so much importance 

that they logically led to the necessity of building a specirtl vessel, 

by means of which the nuinerous important problems of this sea bearing 

more or less upon the Norwegian fisheries, could be systeinatically 

studied. 

The ship, the Michael Sars, was built, and her first cruise, in 

the Norwegian Sea, in July--September, 1900, to Iceland, Jan Mayen, 

and Bear Island, m a r k  the introduction of important improvements 

in oceanographic research as a whole, including especially more exact 

methods of talcing water-samples, and for determiilatioil of specific 

gravity, sa1inity,(l) and teinperature of the sea. It is therefore chiefly 

observations talcen after July 18, 1900, when the Miclzael Sars started, 

that are of importance in the present day in a discussion of the ver- 

tical and horizontal distribution of salinity and deiisity in the Nor- 

wegian Sea; whereas the observations of this Bind made before that 

date are not sufficiently accurate for the purpose. The cruises of the 

Michael Sars during the five years, 1900-1904, will be mentioned in 

the next chapter. 

There are a few expeditions of late years which should be briefly 

mentioned here, as they have added to the Bnowledge of the Oceano- 

graphy of the Norwegian Sea. 

During the months April to September, 1901, Captain ROALD 

AMUNDSEN made his first cruise in the Gjm, in the Barents Sea and 

the Arctic regions of the Norwegian Sea. His oceanographic observa- 

tions are of great iinportance, and are rnilch more trustworthy than 

those of any previous expedition to the Arctic Seas. His vertical series 

of temperatures and salinities taken in the sea between Jan Mayen, 

Greenland and Spitsbergen, are of special value, as they clearly prove 

(l) The introdnctioii of standard water for controlliiig the titratioiis-according 
to O. PETTEILSSON'S ond M. ICNUDSEN'S proposal-has greatly increased the aceumcy 
in the deteimination of the saliiiitg. 
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the manner in which the bottom-water of the Norwegian Sea is formed. 

The results of AMUNDSEN'S oceanographic observations have been de- 

scribed and discussed by NANSEN [1906], who als0 furnished him with 

his instruments, and had them tested, and also had the salinity of the 

water-samples collected determined by titration. 

The International Investigations of the Northern Seas began in 

August, 1902. Besides the Norwegian researches with the Michael 

Sam, the Scotch cruises, especially across the F~eroe-Shetland Channel, 

and the Danish researches in the sea between the Fzroes and Iceland 

and round the latter, are of great importance for the oceanographic 

study of the Norwegian Sea.(l) 

I n  1901, the Russian oceanographic investigations in the Nili-man 

and Barents Seas cornmenced under the leadership of Dr. ~(NIPOWITSCH, 

and later under Dr. BREITBUSS. The numerous vertical series of obser- 

vatioiis taken between Norway and Bear Island are also of interest 

in the oceanography of the Norwegian Sea [RNIPOWITSCH, 1902, 1906; 

BREITFUSS, 1903, 1904, 19061. 

During tlhe summeis of 1900, 1901 and 1902 Dr. R. NORRIS 

WOLFENDEN made physical observations in the Pzroe-Shetland Channel. 

These have been described by H. N. DICKSON [1903]. The determina- 

tions of the salinities of the different water-strata are unfortunately 

so inaccurate that they are of little value. 

During the expedition of the Duke of ORLEANS, in the Belgica, 

with Commander A. DE GERLACHE, as captain of the ship, in the 

summer of 1905 [1906], to Spitsbergen and the north-east of Greeii- 

land, oceanographic observations of very great value were made by 

Mr. E. I~OEFOED, the oceanographer of the expedition. A great number 

of soundings and stations, with vertical series of temperatures and 

water-samples, were taken in the northern and western parts of the 

sea between Spitsbergen and northern Greenland, where previously no 

observations had been taken. Most valuable information regarding 
l 

(1) All the observations collected by the International cooperation are to be 
found in the Bz~lletin cles rdsultats acpuis pendant les cozbrses pdriorlipues, p~ihlished 
by the Central Bureau for the Study of the Sea in Copenhngen. Among the papers 
dealing with the Boottish and Danish material may be mentioiied: HELLAHD-HANSEN 
[l905 a, b]; HOBERTSOX [1905, 19071; J. N. NIELSEN [1904, 1008, 19071. 
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the physical conditions in this interesting part of the sea has thns 

been acquired. The expedition was equipped with the most modern 

instruments from the Central Laboratory for the International Study 

of the Sea, in Christiania, and as KOEBOED has carried out the obser- 

vations with great care, they are the most accurate determinations 

hitherto obtained by any expedition from any part of the Ocean. It 
is a strange fact that  this previously almost unknown region of the 

Norwegian Sea is the one from which we have the most accurate and 

trustworthy observations, and which is therefore the best knowii. AS 

HELLAND-HANSEN, in cooperation with KOEBOED [1909], has been working 

up the oceanographic material of the expedition, we have had the great 

advantage of being able to make use of them for some of our dis- 

cussions, before our manuscript was quite finished. 
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I l .  The Cruises, 1900- 1 904. 

M ost of the material discussed in the present memoir has been 

collected during the cruises of the Norwegian Fishery-Research 

vessel, the Michael Sars, in the years 1900 to 1904. The first expedition 

with this vessel was made in the months July to September, 1900, in 

various parts of the Norwegian Sea. I n  1901 and the first half of 

1902, the ship was occupied with fishing experiments, the oceanographic 

investigations being limited to soine short cruises and comparatively 

scattered observations in connection with the other work. I n  May, 

1901, and May, 1902, however, extensive oceanographic investigations 

were made between Norway and Iceland on board the Heimdal, of the 

Royal Norwegian Navy. 

When the International Council for the Study of the Sea com- 

menced its worlc in the summer of 1902, it was agreed that the Nor- 

wegian part of the investigations sbonld be carried out during four 

seasonal cruises yearly (February, May, August and November), along 

certain routes across the Norwegian Sea, ciz. from the neighbourhood 

of Bergen to a point NE of Iceland, and thence back to Lofoten. 

These routes have in the main been followed in May, 1903, and 1904, 
in February, 1903, August, 1903, and November, 1903. The following 

table shows the cruises made for this purpose during the years 1900-1904. 

I n  the table 

S indicates the Southern part of the Norwegian Sea 

M - )) Middle » » » )) 

N - » Northern » )) » -- >) 
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For further particulars see Pl. 11, showing the lines of the sections; 

see also the List of the Stations, to be found among the Tables. 

It will be seen that the greater nuinber of the investigations 

have been carried out in  the spring and summer. By far the most 

extensively studied season is May; while in October, December, January, 

and April there were no expeditions a t  all. The conditions in the sea 

have been investigated twice in February, and only once in November. 

The laclc of observations in winter is mainly due to the very bad weather 

a t  sea, which generally inalces i t  inlpossible to obtain trustworthy obser- 

vations, and in  any case makes the worlc very difficult. Moreover, 

when i t  is dark and storrny, the detei.iniilation of one's position will 

in most instances be very doubtful. This was especially the case 

during the February cruise in 1903, when, on one occasion, i t  was 

impossible to decide whether J an  Mayen was actually visible from the 
i ship (in the ice), or, according to the ships journal, was more than a 

liundred miles to the north. I n  November, 1903, when the investiga- 

tions were being made oil board the fishery-steamboat Ask, the Færoes 

were suddenly seen throiigh the darlc atmosphere; but according to 

our dead reclconing the islands a t  the time were supposed to be some 

sixty miles to the south. As this November cruise, however, only 

occupied 10 days with the touch a t  the Færoes to keep our bearings 

right, the positions of the stations on this cruise may be considered to be 

fairly trustworthy, the probable error not exceeding 20 miles a t  the 

most. But the value of observations collected under such circum- 
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stances, is greatly rediiced by the uncertainty regarding locality; and 

i t  is of course impossible to draw reliable conclusions as to the real 

extent of the various masses of water. 

I n  1900 we supposed that  the oceanographic conditions of an 

extensive sea-area such as the Norwegian Sea were fairly regular, and 

could therefore be examined with snfficiently accurate results by worlc 

at comparatively few observation stations, rather far  apart, but scattered 

over the whole area. Hence we paid special attention to the worlc a t  

each station, trying to get the best possible series of observations to show 

the vertical distribution of salinity and teinperature a t  certain selected 

points, lying as much as a hundred miles or more from each other. 

It soon a.ppeared, however, that the horizontal distribution of tempera- 

ture, salinity, and density was subject to many more variations and 

apparent irregularities than was a t  first supposed (see Chap. VI). I n  

order to obtain a true picture of the conditions, we were therefore 

obliged to take more stations, and these closer together. This was 

done during the subsequent cruises, when the distance between the 

stations was often reduced to some twenty miles or even less. It 
proved much better to reduce the total area of investigation in order 

to have numerous stations over smaller areas. 

During the cruises of the Michael Sars and the Heimdal, surface- I 

observations were made as a rnle every hour. A great many surface- 

observations have also been collected for the Norwegian Board of 

Fishery and Marine Iilvestigations by captains of Norwegian whalers, 

sealing-sessels, and trading vessels, who have taken the temperature 

of the sea-surface, and water-samples for titrimetrical exarnination a t  

certain intervals. Most of this material has beeii collected from the 

western and riorthern areas of t'he Norwegian Sea, to some extent 

tracts from which material could not otherwise have been obtained. 

This material has proved most valuable. 

Since 1902, Danish and Scottish oceanographers have investigated 

the southern borders of the Norwegian Sea, between the North Sea 

and Iceland. W e  have here made use of their observations(1) in con- 

nection with our own material, for the discussion of special problerns 

of the Norwegian Sea. 

(1) These observatioiis have already been published i n  varioris Danish and Scottish 
publications, to which reference will be made later. 

4 
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Ill .  Ins t ruments  a n d  Methods, 

hen the one of us, Nansen, started the work in 1900, and at Dr. 

HJORT'S request undertook the management of the physical 

oceanographic research in the first cruise, July-September, 1900, with 

the assistance of the other, Helland-Hansen, his hope was that he 

would be able to equip the ship with such perfect instruments, and 

to introduce new methods that were so materially improved (especially 

for determining temperature and salinity or specific gravity), that 

Physical Oceanography could be made a really exact science. This 

hope was not fulfilled that first year, as there proved to be more 

difficulties, especially with regard to the determination of the deep-sea 

temperature, than had been a t  first expected. The first cruise-that 

of 1900-ought therefore to be considered as an experimental one. 

Acting on the valuable experience thcn gained we have now, how- 

ever, been able to improve the instruinents and methods so consider- 

ably, that they have actually attained what may be considered a satis- 

factory degree of accuracy. 

The accuracy of our observations even during the first cruise 

was considerably greater than that of any previous series of observa- 

tions from the Norwegian Sea, or from any other ocean-asea, and 

was sufficient to demonstrate the remarl~able regularity of the vertical 

distribution of temperature and density, especidly in the deeper strata 

of the Ocean. The numerous, often great, irregularities in the vertical 

series of observations of all earlier expeditions were thus proved to 

bave been due to errors of observatios. 
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1. Necessity of Accuracy in Ocean~g~aphic Research. 

Our experience shows, moreover, that owing to the regillarity in 

hhe vertical distribution of salinity, temperature, and consequently 

density, i t  is of no iise to make oceariographic observations in the 

Norwegian Sea, unless they be made with a high degree of accuracy. 

The greater part of this sea is composed of water with salinities that 

do not differ by more than a few tenths per mille. I n  its central 

part the salinities are thus always fouiid, by accurate determinations, 

to be between 34.85 O100 and 35.20 O/OO, although the various masses of 

waters are of very different origin. When the differences between the 

various waters are so slight, the seasonal and annua1 variations are, 

of course, still slighter, and cannot be detected except by the most 

accurate observations. I n  this respect there is some difference between 

the open ocean and the smaller, enclosed seas or the waters aloiig the 

coasts, where the various Lrinds of water generally differ much more 

from each other. and where, consequently, the variations in the distri- 

bution of each water-layer may be more easily traced without such 

great accuracy in the determinations. 

The accuracy required by the International Council for the Study 

of the Sea is 0.05 per mille of the sdinity. This degree of accuracy 

could not possibly have been attained some 10 years ago, and eveil 

now does not suffice, in most cases, for the finding of the variations 

in the Norwegian Sea. The value of very exact determinations of 

sdinity may be clearly seen by an example, talceii from our Plates. 

I n  most sections from the southern part of the Norwegian Sea. peculiar 

uiicoloured tongues, with salinities below 34.0 O/oo, may be seen betweeii 

the water-masses with higher saliiiities. The characteristic shape of 

these tongues may be seen in our sections as well as in those based 

upon Danish observations (see, for instance, Pl. XXI A and B). Tliey 

are due to peculiar bodies of water with characteristic movements, and 
are of grent value in elucidating the dynamics of the sea. They could 

not have been found unless the determinations of the salinities had 

been accurate within less than 0.05 O/oo. Deterrninations of such slight 

differences are thus necessary in so exact a study of the oceanographic 

features of the sea as is now required; the more general features are 
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iiow well lcnown. With regard to teinperature (and density), the con- 

ditions are upon the whole analogous. 

Observations that  are not made with the very best instruments 

and methods, are therefore, to say the least, worthless, and may be 

worse than worthless if any coilclusions be based upoil them. A few 

examples will elucidate this important point. 

During the Norwegian North Atlafltie Expeditiogz of 1876-1878, 

as was mentioned above, great pioneer wor l~  was done with regard 

to the Physical Oceanography of the Norwegian Sea, and a primary 

idea of the horizontal and vertical distribution of temperature, salinity, 

and density in this sea-basin was obtained. But this idea was more 

or less erroneous in several respects. The methods generally used a t  

that  time, especially for determining the salinity and specific gra- 

vity of sea-water, were imperfect, and the water-bottles used during 

the expedition, have evidently been defective. Professor MOHN'S 

description, in his valuable memoir on the Norwegian Sea [1887], of 

the vertical and horizontal distribution of the specific gravity (or salinity), 

and the density of the sea-water in this basin, could not but prove, 

therefore, to  be highly misleading, as will easily be seen by a comp- 

arison of MOHN'S sections with ours. 

Fig. 3 is a reproduction of otie of MOHN'S sections, between J a n  

Mayen and Vesteraalen (Pl. XXXVII,  Section XV, of his worlc). Instead 

of his values for the specific gravity we have introduced the corresponding 

salinity values (according to Knudsen's Tables). Fig. 4 is a representation 

of one of our sections, from August, 1900, from the very same part of 

the Sea. Whereas the isohalines of the former section run more or less 

vertically from the surface to the bottom of the sea, those in the latter 

section have a more or less horizontal course. The shape of the mass 

of At'lantic water (above 35 O/oo, marked by cross-hatching) is thus very 

different in the two figures; whereas our section shows a remadcable 

homogeneity in all depths greater than 1000 metres, the salinities being 

between 34.90 and 34.94°/~o, MOHN'S section shows great variations in  this 

bottom-water, his salinities ranging from 34.6 to 35.0 O/OO. The altogether 

erroneous results which these determinations (made by the chemists of 

the expedition) give regarding the density-conditions in that part of the 

ocean, have been employed by MOHN for discussion of the currents. 
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Fig. 3. Fig. 4. 

Sections Shomiiig The Vertical Distribution of Salinity hetmeeil Vesteraalen and Jan 
Mayen, Fig. 3 according to MOHN [1887, Pl. XXXVII], Fig. 4 accordiiig to OUT Observa- 
tioils Ci.oss l~atching is saliiiity above 35'0 O/oo ;  Sin,gle katching betweeil 34.9 and 

36'0 ' 100 ,  and white below 34'9 ' / o o .  

The observations of the great Challengee Expedition are als0 of 

but little value iii this respect. Very important pioneer worlc was 

done during that  unique expedition, and i t  is unnecessary to point out 

here what an important advance i t  marks in our lcnowledge of the 

physics of the Ocean; but nevertheless, very few of the oceanographic 

observations inade during those years will be of lasting value for the 

future, as they are much too inaccurate. Our recent investigations 

have proved that  the actual variations in the Ocean, especially in its 

deeper strata, are very much smaller than the errors of the observntions, 

especially of specific gravity and salinity, then inade. I f ,  for instance, 

we look a t  the determinations made, during the Challenger Expedition, 

of the specific gravity, salinity, and density of the deep and bottom 

waters of the North and South Atlantic Oceans, we find most striking 

differences, often a t  stations which were quite near to each other. 

Our investigations of the Norwegian Sea tell us plainly that  such 

differences cannot exist in the open ocean; they mnst be due to gross 

errors of observation, whether these be caused by imperfect water-bottles, 

or by inefficient methods of examining the water-samples taken, or per- 

haps by both. The observations of the Challenger Expedition, therefore, 

tell us nothing of what the salinity and density of the bottom-watera 

of the Atlantic Ocean actually were a t  the time of the Expedition. 

To some extent the labour also of iiiore recent expeditions, owiiig to 

the imperfect methods employed by them, has been of little use, though 
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their work was otherwise performed with great skill. A recent paper 

by H. N. DICESON on the physical Oceanography of the Færoe-Shet- 

land Channel [1903], is an example of this. Mr. DICKSON had obser- 

vations at his disposal which would have been of the very highest 

importance if only the methods and instruments employed had been 

sufficiently accurate. As it is, however, he has in several respects 

arrived at perfectly absurd results, chiefly because the determinations 

of the salinity of the sea-water were inaccurate, whether this had been 

due to imperfect water-bottles, to imperfect methods of preserviiig the 

water-samples, or to inaccurate inethods of determining their salinity. 

The errors may even in all probability amount to 0.50 O/oo. 

The oceanographic observations made by Mr. MARTIN KNUDSEN 

during the Dalzish IngoEf Expedition in 1895 and 1896 [1898], mark 

a great improvement, especially with regard to the determination of 

the salinity of the sea-water; but even these observations, which were 

the most accurate that had up to that time been made, are of little 

value if required for determining possible changes in the different 

masses of sea-water. We have, for instance, attempted to compare 

KNUDSEN'S observations east of Iceland, and between Iceland and Jan 

Mayen, with more recent observations in the same regions, in order 

to find the possible changes during the intervening years; but we had 

to give i t  up, as the determinations of salinity were not sufficiently 

trustworthy, and showed too great and obvious errors. 

If we loolc nearer home, we find an instance of this in the 

observations of temperature aiid salinity (specific gravity) in the North 

Polar Basin, taken during the Fram Expedition, 1893-1896. [NANSEN, 

19081. The inaccuracy of these observations is especially fatal, as they 

are the only ones talcen in a region where the difficulty of repeating 

them is particularly great, They will hardly afford material for future 

expeditions, equipped with modern and more perfect instrumerits and 

methods, to decide whether any changes in the physical conditions of 

the sea have taken place in that interesting region. Even if we 

consider the investigations only as pio-iieer worlc, they are not satis- 

.factory. I n  spite of the most painstaking labour to find the probable 

corrections of the observations, the amount of difference, for instance, 

in salinity between the bottom-water of the North Polar Basin and 
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that of the Norwegian Sea, cannot be stated with perfect certainty. 
According to the niimerous determinations with the floating hydro- 

meter, during the Fram Expedition, the salinity of the bottom-water 

of the North Polar Basin should be about 35.10 O/oo, computed by 

means of Knudsen's Tables [cf. NANSEN, 1906, p. 1001. If this be 

correct, as seems probable, this bottom-water must be entirely different 

from that of the Norwegian Sea, which according to our recent 

determinations has a salinity of about 34.92 O/oo. From this fact im- 

portant conclusions may be drawn with regard to the s h q e  of the 

deep basin of the Norwegian Sea and that of the North Polar Basin, 

these basins being probably separated by a transverse ridge [cf. NANSEN, 

1904,1906; HELLAND-HANSEN and KOEFOED, 19091. Buk if the determina- 

tions of the salinity, made during the Fram Expedition, are on an average 

about 0.16 O/OO (equal to 0.00012 of specific gravity) too high, there woiild 

be no essential difference between the bottom-waters of the two basins, 

the difference in teinperature being no greater than may be easily 

explained, even if there is some kind of communication between them. 

The bottom-waters would then have the same origin, being both of 

them formed in the northern Norwegian Sea (see Chap. XI). I n  this case 

the above conclusions drawn from the assumed difference in salinity 

may be entirely misleading. It will thus be seen to what serious 

mistalces the use of inaccurate methods in oceanographic research may 

lead.(l) One or two really accurate and trustworthy determinations of 

the salinity or the specific gravity of the bottom-water of the North 

Polar Basin would have been of far more value than the hundreds 

of observations actually made of this water during the Fram Expedi- 

tion, at the expense of much valuable time. 

I n  order to emphasize the necessity of the very highest degree 

of accuracy, especially where the deeper strata of the sea are concerned, 

we will here rnention in conclusion an example from the International 
- 

(1) See also what Nansen says [1906, pp. 69-63] about the inaccuracy of the 
determinations of temperature and salinity in P.UTTERSSON'S and EICMAN'S paper on 
ARRHENIUS'S oceanographic observations west of Spitsbergen in 1896; in PETTER- 
SON'S and MSTERGREN'S paper on the observations taken on board the Frithjof in 
1900; in AMDRUP'S paper on observations in the East Greenland Polar Current in 
1900; in ARERBLOM'S paper on observations talren in the same region during the 
NATHORST Expeditinn in  1899, etc. 



32 HELLAND.HANSEN AND NANSEN [REP. NORIV. FISH. 11 

researches of the sea, now going on. During May 1903 (see Pl. XXI B, 
Fig. 3) both Danes and Norwegians made investigations in the sea 

east of Iceland and north of the F~eroes. For our vertical and hori- 

zontal sections for that month, we have made use of both the Nor- 

wegian and the Danish stations. A puzzling fact was then apparent, 

iiamely, that at most of the Danish Stations the salinities and coiise- 

quently also the densities were noticeably higher than at our own, 

which gave to the isohalines and the isopyknals somewhat startling 

shapes. On looking a t  the Danish deterininations of the salinity of 

the typical bottom-water of the Norwegian Sea, we found, however, 

that they were very often too high. This bottom-water has a salinity 

of about 34.92 O/oo, while the Danish values of salinity for the same 

water very often varied between 34.98 and 35.06°/oo, which are im- 

possible values. By comparing the values of salinity at Danish Stations 

situated iiear two Norwegian Stations with the Norwegian values for 

the same depths, it wad also seen that the former had often a tendency 

to be considerably higher.(l) But if we had not, in this manner, been 

able to control the values of the determinations, we should have had 

no reason to distrust the Danish observations, and might easily have 

arrived at very startling and perfectly wrong conclusions with regard 

to the distribution of, and changes in, the different kinds of sea-water.(2) 

We have discnssed this point at such length in order to urge 

upon future oceanographers the necessity of a very high degree of 

accuracy and care, if the investigations are to be of lasting value, and 

if the important end is to be attained, namely, the collection of Teally 

trustworthy observations, which will enable future investigators to 

trace at least the great featilres of the variations in the physical 

(1) As some of the determinations of the salinity were made on board the Danish 
vessel soon after the water-saniples had been taken, i t  is not probable that the too 
high values obtained can be explained by evaporation of the water of the samples 
through the stoppers of the bottles in which they were kept. The more probable 
explanatioii is perhaps that the water-samples have not beeii left snfficient time to 
acquire the same high temperature as the Standard Water iised for the titratioiis. 
The values of salinity obtained will then naturally be too high, and the greater the 
coldness of the water-samples, the greater will this error be. 

(2) J. N. NIELSEN has not been aware of the errors of the determinations of 
salinity, especially in his Sectioii I, and has, therefore, arrived at  misleading results 
[cf. especially 1904, pp. 12 & 221. See the difference between his Sect. I, Pl. 11, and 
pur Fig 3, Pl. XXI B, 
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conditions of the Ocean. W e  trust that  the examples mentioned above 

are sufficient t o  prove that  we do not exaggerate this necessity for 

accuracy. 

It is moreover clear that if the physical observations of the deep 

strata of the Norwegian Sea-say below 600 metres--are not inade with 

the highest possible degree of accuracy, they are of no Lise; for we 

could tell with greater certainty what the values ought to have been 

if we stayed a t  home, and niuch time, labour, and money would be 

saved. The pcality of the observatioi~s, especially in this deep part 

of the sea, is of much greater importance than their yuantity. 

2. Determination of t,he Deep-Sea Temperature. 

All temperature-readings have beeii referred to the indications of 

the Hydrogen-Thermometer. 
For the determiilation of deep-sea temperature we adopted two 

different methods, namely, with the hzsulated Water-Bottle and with 

the Reversing Thermometer, and these two methods we tried to develope 

to their highest degree of perfection, hoping thus to be able to 

determine the temperature in situ with at  least an  accuracy of 

& O.oiO C.  W e  regret to say that  the first attempt was to some 

extent a failure, as a great part of the deep-sea temperatures determined 

during the first cruise (1900) can hardly claim such a degree of 

accuracy, the reasons being that our Reversing Thermometers were 

not sufficiently well made, and that the Insulated Water-Bottle, in 

which we placed inost confidence a t  that  time, is incapable of giving 

accurate temperature deterininatioiis for great depths, owing to the 

disturbing effect upon the indications of the tltermometer produced 

by the dilatation of the solid parts of the water-bottle (especially the 

ebonite, the celluloid, and the india-rubber) whea being haiiled up, this 

being subsequently proved by experiments. 

During the latest cruises of the Michael Sars, however, obser- 

vatioils of the temperature of the deep strata of the Nortvegian Sea 

have been inade a t  several Stations with the iiew Richter Reversing 

Thermometers, and the temperatnre-determinatioas thus obtained have 

an accuracy of 1 0.01' C .  
6 
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(a). The Reversimg Thermometers. 
Reversing Thermometers were iised during the cruise of 1900 

and in 1903 and 1904. I n  1900 we had some long Reversing Ther- 

moineters specially constructed by Nansen, and made by NEGRETTI & 

ZAMBRA, and also some small NEGRETTI & ZAMBRA Reversing Thermo- 

meters, of which only one, a very trustworthy thermometer, was used 

during the cruise. I n  1903 and 1904 Reversing Thermometers from 

C. RICHTER, Berlin, were used. 

The chief difficulties with the Reversing Thermometers had 

hitherto been, 

(1) That the mercury did not always break off exactly at the 
same place in the contraction, and thus no high degree of accuracy 

was, as a rule, attainable, even if it had been possible to read off the 

indications sufficiently accurately ; 

(2) The difficulty of determining the te~nperature of the broken- 

off thread of mercury at the moment its indication is read off; and 

(3) That the stem of the NEGRETTI & ZABIBRA Reversing Thermo- 

meters was very thick, and the graduation of the scale rough and 

inaccurate. It was therefore difficult to read them off accurately and 

withouth errors of parallacx;.. 
We took special precautions in order to avoid these errors. 

Speeially comstructed Reversimg Thermometers. For the Frain 

Expedition 1893-96, Nansen had some NEGRETTI & ZAMBRA Reversing 

Therrnometers specially made for inore accurate observations. The 

distance between the division-marks of each degree was here in- 

creased, and the scale divided into 0.1" C.; but the thread of mercury 

had evidently thus become too thin and light, and would not, as a 

rule, break off when the instruments were reversed. These thermo- 

meters were therefore useless. I n  order to avoid these difficulties, 

Nansen designed new instruments with much larger bulbs, so that the 

degrees (Centigrade) of the scale could be made i centimetre long 

(and be divided into tenths) without reducing the diameter of the 

thread of mercury. These thermometers were made by NEGRETTI & 

ZAMBRA, but not as well as might have been desired. I n  order to 

reduce the friction between the mercury and the sides of the glass 

tubes, the bore of the stem was designed to be circular in section 
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iiistead of elliptical (as on the ordinary reversing therinometers delivered 

by that firm); but this was nnfortunately not done. The thermometers 

were also ordered to be made of Jena Normal Glass No. l G I I 1 ;  but 

by some strange mistake only one thermometer (NZ18)  was made of 

this glass. This was by far the best instrument, and gave, on the 

whole, very satisfactory readings; but i t  was unfortunately lost by an 

accident on August 9th, 1900. Aiiother thermometer (NZ 47) of the 

same shape (two other similar iiistrumeiits were broken before we 

started) was evidently made of the same glass as NEGRETTI & ZAMBRA'S 

ordinary reversing thermometers. It often refused to register; and 

during the few weeks of the cruise of July and August, 1900, it be- 

came much worse in this respect, becoming a t  last perfectly useless. 

I n  order to reduce the time needed for the broken-off thread of 

mercury to assume the temperature of the surrounding water, when 

placed in a water-bath (see later), a quantity of rnovable mercury, or 

metallic sand, was enclosed within the glass sheath of the thermo- 

meters, and this would run down and surround the end of the stein 

(containing the broken-off mercury) as soon as the thermoineters were 

reversed. 

By comparison with the teinperatures talcen a t  the same time 

with the Insulated Water-Bottle, Nansen came to the conclusion that 

the two above-mentioned Reversing Thermoineters ( m 1 8  and NZ 47) 

had changed the corrections of their zero-points from one day to an- 

other, and in his preliminary report [1901, p. 1371 he has given a 

table of these probable changes. Upon a closer investigation of the 

matter, however, he has since found that this was a mistake, and 

that the Reversing Thermometers cannot have changed their zero-points 

much, the apparent variations being probably due to errors of the 

readings obtained by the Insulated Water-Bottle. These we shall 

refer to presently. Where simultaneous observations were taken with 

the two above-mentioned thermometers ( m 1 8  and NZ4!7), their cor- 

rected readings agree remarkably well. 

Small ilegretti d3 Zumbra R~versing Thermorneters of the old puttern. 

The best instruments of this type, selected from a stock of 26 thermo- 

meters, which had been used for several years, proved to register 

very well. One of these thermometers was used in 1900; and when 
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read off with a specially constriicted Reading-Microscope (see later), it 
actually gave an acciiracy which might have approached the limit of 

i 0.01' C., if i t  had not been for the roiigh graduation of the scale. 

kVuter-Ruth. I n  order to determiiie the temperature of the 

broken-off thread of mercury when the reading was taken, an ar- 

rangenieiit was made in 1900, whereby the thermometers could be 

easily removed from the reversing apparat~is when they came on deck. 

They were then placed in a water-bath, for 10 or 15' minutes before 

being read off with a reading-lense or a microscope. The temperature 

of the water-bath was taken a t  the same time, smd eiitered in the 

journal along with the reading. The corrections made necessary by 

the change in the temperature of the broken-off inercury (from that  

which i t  liad when reversed), were determined by experiments with 

each instrument. 

The 3eudin.q qf. The NEGRETTI & ZABIBRA Reversing Thermo- 

meters, as already mentioned, have to be read off very carefully in 

order to avoid serious errors. Special Reading Lenses were therefore 

constructed, by which i t  was easy to ensure the exact correspondence 

in leve1 of the eye with the top of the mercury, when the reading 

was taken. A Readilag Microscope was d s o  designed by Nansen in 

1900. It was made by Mr. LEITZ (of Wetzlar, Germany), and proved 

a great success. The inicroscope had a micrometer eye-piece, and a 

foot by which i t  could be attached to the thermoineter in such a 

maiiner that its axis was always perpendicular to the thermometer-stem, 

and could easily be set leve1 with the top of the mercury. By the 

sid of the microineter scale of the microscope, the indications of even 

the small NEGRETTI & ZANBRA Reversing Thermometers (divided into 

whole degrees ~ e n t i g ~ a d e )  could easily have beeii read off with an  

accuracy of 0.01" C . ,  if i t  had not been for their rough scale. 

The IZichter Reversing 'L'hel.nzometers. I n  order to get more 

perfect thermometers for deep-sea worlc, Nansen proposed to Mr. 

C. RICHTER, of Berlin, to try to make some improved reversing thermo- 

meters, and pointed ont to him the various difficulties h e  had 

previously had with instruments of this kind. Richter agreed to  make 

experiments, and the final result Tvas the Richter Reversin.q Thermo- 

rizetel-, ~vhich in several respects is a great iinprovemeiit. Tliis thermo- 
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meter gives the temperatures with an accuracy of about & 0.01 " C. 
[cf. HELLAKD-HANSEN and KOEFOED, 19091. 

During the first cruise the Reversing Apparatus for the therino- 

meter was released by a propeller which could be set to reverse the 

thermometer, when hauled up, at aily desired point within the first 

15 metres of its passage upwards. 

The thermoineters were generdly given 10 or 15 minutes to 

assume the temperature of the water i n  situ. 

During the subseqnent cruises releasiiig propellers were not used, 

being replaced by arrangements for messengers. The Richter Thermo- 

meters were used in 1903 and 1904, especially in connection with the 

EKMAN Reversing Water-Bottle, which has an arrangement for a 

messenger (see later). 

(b) .  Determina tion of Deep- Sea Temperature by Insulated 

Water-Botties. 

Doubting that the necessary high degiee of accuracy could be 

attained by the Reversing Therinometers at onr disposal, Nansen 

constructed a new ulodel of insulated water-bottle, with concentric 

water-jaclcets on the principle first introduced by Prof. OTTO PETTERSSON. 
I n  cooperation with Professor PETTERSSON, he also constructed another 

insulated water-bottle on the same principle. I n  both instruments 

(we will ca11 them "the great Nansen Water-Bottle (AT)") and "the great 

Pettersson-Nansen Water-Bottle (PN)") the principle of insulation was 

utilized to its full extent, and by the fixing in the water-bottles of 

the deep-sea thermorneters constructed by Nansen for that purpose, 

the insulation of the enclosed water-sample was essentially improved. 

With these new instruments we hoped to be able to determine the 

temperature of the sea-water with the desired accuracy, even at depths 

of 2000 or 3000 metres; and had this only depended on the insulating 

properties of the water-bottles, we might have succeeded. But we 

met with other difficulties which we had not at first sufficiently con- 

sidered. During the Fram Expedition, 1893-1896, Nansen had al- 

ready become aware that the dilatation of sea-water, when hauled up 

from great depths, would have an appreciable effect upon its tem- 

perature [cf. NANSEN, 1902, p. 4-61. I n  his preliminary report [J901, 
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p. 1361 he also gave a Table of Corrections due to this dilatation(1). 

At the time, he did not take into account the changes of temperature 

due to the compression and dilatation of the solid parts of the 

water-bottle (the metal, ebonite, celluloid, and india-rubber), as he 

thought that they could not have an appreciable effect upon the 

temperature of the enclosed water-sample owing to their comparatively 

small volume. This was a mistalce, however. 

As soon as the International Cegztrnl Laboratory for the Study o f  

the Sea had beeii established in Christiania, in 1902, under his leader- 

ship, Nansen caused a careful investigation to be made by Dr. 

V. WALFRID EICMAN of the insulating properties of Insulated Water- 

Bottles, and also cansed the above-mentioned effects due to the com- 

pression and dilatation of the solid parts to be examined into. The 

results of these investigations are given in Dr. EKMAN'S excellent 

paper "On the Use of Insulated Water-Bottles and Reversing Thermo- 

meters" [1905]. It will there [p. 151 be seen that the dilatation 

(caused by relaxation of pressure), especially that of the ebonite and 

celluloid cylinders, and the india-rubber plates, causes very great 

changes of temperatwe. If the bottle be hauled up from 1000 metres, 

the temperature of the ebonite (according to calculation) will thus 

fall 0.42' C., of the celluloid 0'63' C., and of the india-rubber 0.99" C. 

I n  the Petterssoii-Nansen Insulated Water-Bottle, of the smaller size 

now generally used, the cubic contents of these solid parts amount 

to about 380 cubic cm., whilst the volume of the enclosed water- 

sample is about 1650 cubic cm.(2). It is thus evident that the cooling 

of the solid parks will have an appreciable effect upon the temperature 

of the enclosed water-sample; and unfortunately the changes in the 

latter, thus produced, are irregular, and cannot be accurately calculated, 

as it cannot be aseertained whether the differences of temperature in- 

(1) As Nansen had not taken into account in his calculation of this table the 
changes resulting from pressure, in e (the coefficient of dilatation) and iii e (the 
heat capapity per gramme a t  constant pressure), his corrections are too small [see 
EKMAN, 1906, pp. 5--71. 

(2) In the great Insulated Water-Bottles used by us in 1900, the volume of 
the solid parts TI-as smaller in proportioii to the much greater volun~e of the enclosed 
mater, and the conditions of these iiistruuients were coiisequeiitly more favoiirable 
for accuracy. 
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side the water-bottle have had time to reach equilibrium before the 

indication of temperature is read off. This fact inalces the insulated 

water-bottles on the whole unsuitable for acciirate determinations of 

the temperature of the deep sea. 

The effect of the cooling of the solid parts of the insulated 

water-bottles is conspicuous in the temperature-readings of our first 

cruise, in 1900. 011 several occasions we noticed that  during the 

first few minutes after these bottles had come oil deck from depths 

of 2000 or 3000 metres, the readings of the thermoineters had a ten- 

dency to sink a trifle, notwithstanding the probability that,  a t  any 

rate the outer concentric layers of the enclosed water-sample had been 

soinewhat heated by the warmer strata of the sea through which the 

instrument had been hauled up. A t  the same time i t  struck us that  

after the bottle had been hauled up from great depths (2000 and 

3000 metres), almost a longer interval elapsed before the indication of 

the thermometer began to rise, than when i t  caine from smaller depths. 

The following examples, on pp. 40 and 41, may be of interest. 

According to  our view, the explanation of the above facts is, 

that  during the haiiling up, the water-bottle is much shalcen and 

moved about, especially so a t  the moment that  i t  comes up to or above 

the sea-surface, when i t  often swings violently to and fro with the 

rolling of the ship. Owing also to the twisting of the line, or the 

action of the releasing propeller, i t  may rotate rapidly while being 

hauled on board from the water-surface. In  this manner the water 

of the central chamber may have been sufficieiitly stirred to have acqnired 

throughout a nearly uniform teinperature in spite of the heating of 

the outer water-jaclcets (when the bottle has been hauled up through 

warmer water-strata) and the cooling of the solid parts (caused by 

relaxation of the pressure). It may therefore be expected that  from 

whatever depth the water-bottle be hauled up, or however much the 

original indication of its thermometer have changed during the hauling 

up, the temperature-reading will remain unaltered for some time after 

the instrument has come up. This period may even increase with the 

depth from which the bottle has been haiiled up, because the heating 

of the water-sample (by the warmer water-strata through which the 
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With the exception of the first observation from 910 m. mhich  vas talten with 

tlie great Nansen Water.Bottle (N), all the above observatioiis were tnkeii mith the 

same instrument, the  great Petterssoii-Nansen Water-Bottle (PN), aiid all readings were 
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arrival a t  tlie surface. 

During the first fem minutes after the  arrival on 
deck the reading seemed to  sinlc a trifle (to 
- 1'62 C.), after 8 minutes it remain~cl m- 
nltered; after several minutes more it rose to 
- 1'50 C., and after another few miriutes to 
-1.485' C. Water-bottle was hauled up in  about 
20 minutes. 

The water-bottle had struclc the bottom, and had 
heeri filled with mud. The temperature readiiig 
remainetl unaltered for  14 minutes; after 15 nrirl- 
lhtes it was - 1'31 C. and after 17 minutes 
- 1'28O C.  Hauling up  took 19 minutes. 

6 minutes after arrival on deck the  reading was 
- 1.283' C. after .") minutes i t  was - 1'27O C., 
and after 11 minutes - 1'21° C.  The water- 
hottle mas only given a f e ~ v  minutes for accom- 
modation to the tcmperatiire a t  3000 m., and was 
Iiauled up in  20 minutes. 

After 5 minutes the reading was - 1'1 36 O C , after 
G mirlutes - 1'13 O C., and after 8 minutes 
-- 1'11° C. 

After 4 minutes the  reading was - 1'306O C., after 
8 minutes - 1.31 C., after 10 minzctes - 1'29 O C., 
after 12 milzutes - 1'27O C.,  and after 14 minutes 
- 1'23 O C. 
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taken by the same observer (Nansen). The above remarlrs on the changes i n  the  

readings of the thermometer, may be thns tabiilated: 

It will be seen tliat, when exceptiiig the case of the temperature-readings from 

2800 m. (where the mater bottle had been filled mith mud, aiid the insulation Tvas 

consequently much improved) and the  first reading from 3000 m. (Stat. 43, where the 

water-bottle had only been given a fem minutes a t  3000 m. for assuming the  temper- 

ature), t he  general rule is  that  the greater the  depth from which the water-bottle i s  

hauled up, t,he longer will the  interval be, after the arrival of the instrument on deck, 

Chafiges in Temperature Readilzgs from depths of: 

before the  temperature-reading begins to rise: from 910 m. it was abont 4 minutes, 

from 2000 m. about 6 minutes, from 2030 about 8 minutes, and from 3000 m. about 

9 minutes. The water-bottle was hauled up by the steam winch with fairly uniform 

velocity, especially from the  greatei depths. The insiilation of the water-bottle will 

naturally to a great extent depend upon the differences between the  temperature of 

the  enclosed water-sample and that of the water-strata throngh which the water- 

bottle i s  hauled up, as well as that  of the air. The temperature of the sea does not 

change much a t  depths greater than 1000 or 1600 m.; and as, for instance, the upper 

watei-strata were warmer a t  Htation 7 than a t  the otlier stations, we might expect 

After 

4 miniites 

6 - 

6 - 

8 - 

9 - 

10 - 

11 - 1 
1: - 

16 - 

17 - 

the insulatioii of the  water-bottle to be diminished a t  this station; but  the water- 

bottle employed there had even a greater power of insiilatiori, and a t  any rate the  

differences in  this respect are not sufficient to explain the above remarkable facts. 

At Station 46, for instance, the temperature-reading from 3000 m. remained unaltered 

nearly twice as long as that  taken from 2000 m. a t  the snme station; aiid the upper 

water-strata a t  Station 46 were much warmer than those a t  Station 9 a (2030 m). 
6 

910 m. 
(Stat. 7). 

+ 0.017 O C. 

2000 m. 
(Stat. 46). 

-- 

0.00 O C.  

+ 0'006 » 

+ 0'026 u 

2800 m. 
(Stat. 34). 

0'00 C C. 

+ 0'016 n 

+ 0'046 

2030 m. 
(Stat. 9 a). 

- 0'006 O C. 

0'00 B 

+ 0'016 » 

+ 0.03 » 

3000 m. 
(Stat. 43). 

-- 

+ 0'002 O C. 

+ 0'016 

+ 0'076 n 

3000 m. 
(Stat. 46). 

- 0'006 O C. 

- 0'01 » 

+ 0.01 n 

+ 0.03 » 

+ 0.07 » 
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bottle is hauled up, and by the surrounding air) is checked by the 

cooling of the solid parts of the bottle. The relation between these 

two disturbing influences cannot be made a subject of accurate calcu- 

lations, since, for instance, the heating of the enclosed water-sample 

will greatly depend on the insulating capacity of the water-bottle, on 

the time spent in hauling the bottle up, and on the temperature of 

the water-strata through which i t  has passed. The Insiilated Water- 

Bottle cannot, therefore, give accurate determinations of the temper- 

ature of the deep strata of the sea. 

Einpirically one may, however, get some idea of the magnitude 

of the temperature-changes when the insulated water-bottle is hauled 

up from different depths. 

In  the following table we give the temperature-readings taken 

simultaneously at various Stations in July and August, 1900, from 

the same depths with the insulated watevbottles and the best reversing 

thermometers. 
Explanation of the Table (pp. 44-46). 

1st Column, Niimber of Station and Date of Observation. 

2nd Column, the Depth in Metres. 

3rd Column, Ilesignation of the Water-bottle. N means the great Nansen Insulated 

Water-Bottle, and PN the great Fettersson-Nansen Insulated Water-Bottle. 

4th Column, R 69, R 70, and R 35 are designations of three Nansen Deep-Sea Ther- 

mometers used in the Water-bottle, and made by C. IIICHTER of Berlin. 

5th Column, Temperature-Keading in Centigrade. 

6th Column, Temperatiire-Reading corrected for Instrumehtal Error. The corrections 
of the themometers were as follows: 

Coirections of R 69. Corrections of R 7'0. 

Charlotten- 

 cal le. b"rg March, 
1900. 

p-A-.- 
I 

Scale. 

O C. 

- 2'4 
0'0 
2 
4 
6 
8 

Charlotten- 
burg 

March, 
1900. 

O C. 

+ 0.02 
+ 0.02 
+ 0.02 
+ 0'02 
+ 0.01 
- 0'04 

Christi- 
ania 

June 6, 
1900. 

O C. 

+ 0'026 

July 27, 
1900. 

O C. 

+ 0'066 

- 

August 2. 
1900. 

O C. 

+ 0,066 
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7th column, The Temperature-Reading after haring been corrected for the adiabatic 

cooling (caused by relaxatiou of the pressure) of the enclosed water-sample. 
The corrections have been takeil from EEMAN'S calculations [1905, p. 7, fig. l]. 

The effect of the cooling of the solid parts of the water-bottle, has conseyuently 

not been taken into account. 

8th Column, Designation of the Reversing Thermometers (see above, p. 35). 

9th Colzcmn, Reading of the Reversing Thermometer. 

10th column, Temperature of the Water-Bath in which the Reversing Thermometer 

was placed for 15 minutes before being read off. 

11th Column, Reading of the Reversing Thermometer, corrected for Error caused by 

the higher Temperature of the Water-Bath. By experiments with the thermo- 
meter 3247 ,  it was found that the thread of Mercury, broken off a t  O 0  C., 

increased its indicatioii 0'0064° C. for each degree its temperature rose. For 

N218 this increase was 0'0077 O C. 
12th Column, The Temperature-Readiug finally corrected for Instrumental Error. 

July 27, 1900 The correction of the Zero-point of N218 = - 0'01 C. 
June 6, 1900 n n - - N247 - -- 0'03 O U. 

-n- D a t  7' C - =-- 0.038' C. 

Owing to the secular contraction of the glass, the miiius correction of the 

Zero-point of the Thermometer N247 increased to about - 0'04 C. during 

the expedition, as was found by comparisons with NZ18. 
13th column, Difference between the Temperatures obtained by Insulated Water- 

Bottle and by Reversing Thermometer. Provided that there were no other 

irregularities, this difference would mean the amount of cooling the enclosed 

water-sample had undergone in the water-bottle owing to the diminution of the 

pressure of its solid parts when hauled up. 

In  comparing these two temperature-series, it must be remembered that the releas- 
ing propeller of the Insulatecl Water-Bottle would release the latter and elose it, as 

a rule, nearly 10 metres (or when the sea was very rough, even more) above 

the strata where the Reversing Thermometers had taken the temperature. Where, 

therefore, the temperature of the water-strata rises comparatively rapidly iipwards, 

the temperature of the enclosed water-sample would be appreciably higher than that 
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indicated by the Reversing Thermometers. This is evidently the reason why, at  depths 

between 600 metres and the siirface, the water-bottle has in most cases given Iiigher 

temperatiires than the lieversing Thermometers. Even at greater depths, where the 

difference of temperatnre is much smaller, this circnmstailce will have a tendency to 

make tlie teniperature-reading taken by the Insulated Water-Bottle somewhat hjgher 

than i t  would otherwise be. I t  has also to be considered that in  the upper water-strata, 

where the variations in temperature are comparatively great, the movements of the 

water or the ship, may continually bring the instruments into contact with new water- 

masses with .different temperatures, while the temperature is being taken. 

At Stations 2 and 3, iii the Geiranger Fjord, the chaiige of tempernture with 

the depth wxs very slow, but the differences between the temperatures of the water- 

bottle and t,hose of the rever~ing thermometers are in this case evidently rlue to the 

fact that the errors of the latter had not been determined with sufficient accuracy at  

those high temperatures, or a t  any temperatures above zero. The correction of the 

thermometer R 70 for temperatures between 6 O and 8 O C .  was also somewhat difficult, 

as its error here changed abruptly. 

Finally, i t  may be pointed oiit that a t  Stat. 13  (Aug. 3, 1900), and to some 

extent at Stat. 18  (Aug. 6,1900), there must have been some irregularity in the errors 

of the thermometers. As tlie corrected temperatures talzen by the tmo Reversing 

Thermometers (NZ 18 and NZ 47) agree well, the differences being between 0'003 aiid 

0'007 O C. (mean-difference = 0'000 O C.) i t  is probable that the therinometer (R 70) of the 

Insulated Water-Bottle has beeii a t  fault.(l) I t  is also a strilting fact that a t  Stations 

18, 19, and 29, this same thermometer gave a lower temperature, as compared 

with that of the reversing thermometer, than before August, 3., 1900; but the 

irregular error of the thermometer seems to have been gradually decreasing from 

the first observation oil August 3rd (Stat. 13, a t  80  nietres) until the last observations 

on August 9th (Stat. 29, 800 and 1000 metres) when the thermometer, as well as the 

Insulated Water-Bottle and the Xeversing Thermometer (fl2 18), was lost by an 

accident. On the latter date the thermometer R 70 gave - 0'73 O C .  for 1000 metres, 

while the thermometer R 35 gave - 0'70 O C. for the same depth; the error of the 

former instrument was, therefore, probably 0'03 O C. greater than assumed on that data, 

~vhile on the previous dates it must have been still greater. The corrected indica- 

tions of the two Reversing Thermometers for 1000 metres at  Stat. 29 agree ?vithiri a 

difference of 0'01 C .  

By oiily taking the more trustworthy simultaneous observations 

into account, where the temperatures of the water-strata changed but 

(1) I t  is Iiowever somewhat remarlrable that another thermometer (R 34), iised 
with PETTERSSON'S small Insulated Water-Bottle (P) of the old pattern, gave very 
iiearly the same temperature for 80 metres as R 70. For this and other reasons 
Nansen thought at  first [cf. 1901, p. 137, and above p. 361 that the temperatures of 
the water-bottle were more trustworthy thaii those of the reversing thermometers; 
but as both the latter instruments give almost identical temperatures, i t  would then 
have to be assumed tvhat they had simultaneoiisly changed their errors by exactly the 
same amount. This would seem very improbable, especially considering that they 
were made of different kinds of glass. 
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little, we have found by a graphic method the probable curve for the 

increasing change of the temperature-indication of the insulated water- 

bottle, due to the cooling of its solid parts by relaxation of the pressure, 

when hauled up from different depths. The following table give the 

probable corrections of the readings, due solely to this influence. 

Table of Corrections for Temperatures taken with the Great Insulated Water-Boftles, 
due to Cooling of their Solid Parts by Relazation of Pressure. 

The reason why the corrections do not increase more with the depth, 

is obviously that during the hauling up from the greater depths the 

enclosed water-sample, in the central chamber of the water-bottle, is 

gradually heated by conduction of heat from the water through which 

the bottle passes on its way up, and thns the errors, caused by the 

cooling of the solid parts of the bottle, are diminished. It seems 

puzzling that the errors (-- 0.016 O and - 0.023 " C.) observed for 2 000 

(Stat. 34) and 2 100 (Stat. ga) metres are actnally smaller than those 

observed for depths between 1300 and 1800 metres; but this may be 

accidental. 

(C). The so-called "Nansen Deel?-Sea Therrnometers" of the Insulated 
Water-Bottles. 

As Nansen has mentioned in his preliminary report [1901, p. 1321 
and als0 in "Oceanography of the N. P. Basin" 11902, p. 61, he had 

found it a serious drawback with PETTERSSON'S pattern of the insulated 

water-bottle, that a therinometer (with a different temperature) had to 

be inserted after the instrument came up, thus causing the enclosed 

water-sample to be stirred, and the insulation of the concentric water- 

chambers to be more or less disturbed. He therefore constructed 

special thermoineters for fixing in the lid of the irisulated water-bottles, 

and these were used on our first cruise in 1900. They were a great 

improvement, for on the one hand they gave much more accurate 
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determinations of the temperature than the old thermometers for 

insertion, as they insured a more perfect insulation, and on the other 

hand they saved much time, as they could be read off a t  once when 

the water-bottle came up, when once they had had the necessary time 

i12 sitzc and during the hauling up to take the teniperature. 

The thermometers were inade by G. Rickter, in Berlin, of Jena Glass 

No. 59 111. They are protected against the pressure of water by a 

strong outer glass tube, with an  external diameter of about 13 mm. 

These glass tubes were evacuated in order to reduce their conductivity 

of heat. Their lower end was filled with mercury, which surrounded 

the bulb of the thermoineter and made it more sensitive. The ther- 

mometers, with the outer tube, were inade about 34 cm. long; the 

distance from the lower end of the bulb to the mark on the scale for 

- 2 O C. being about 18 cm. ; so that when the water-bottle was closed, 

the bulb reached about 10 cm. down below the lid into the central 

water-chainber (cf. Fig. 5). The length of the scale of the thermometer 

was about 11 cm.; each degree of the scale (Centigrade) was 1 cm. 

long, and was subdivided into O'i°C. By aid of a Thermoineter 

Reading-Lense (excluding the error of parallax) these thermoineters 

could easily be read off with an  accuracy of a t  least 0.01 O C. W e  have 

used two sets of these thermometers, one for temperatures raiiging 

from - 3 " C. to  $ 8" C., and another for temperatures ranging from 

+ 6°C. to + 17°C. 

In order to avoid the change of thermoineter when the teinpera- 

tures varied about 8 "  C., Helland-Hansen, in 1901 had some Nansen- 

Thermometers made, with divisions from - 3 " to  + 10"  C. Iii 1902 

and following years, he often used thermometers divided for tempera- 

tures between - 3 "  and + 13.5 "C., the length of each degree being 

theii about 0.7 cm. By ineans of a reading-lense they could easily 

be read off with sufficient accuracy. These thermometers with the 

reduced leiigth of the degree Ceiitigrade may be recoinmended for 

daily worlc, for the upper water-strata. According to what has been 

said above, the insulated water-bottle can hardly ever be used for the 

-determination of the temperature of the deeper water-strata, where a 

high degree of accuracy is most desirable. 

The thermometers were fixed in the lid of the water-bottle by 
7 
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means of a ring of india-rubber compressed by a screw-ring so as 

to fit perfectly close rouad the thermometera. The thermometers also 

fitted tightly into the holes ill the india-rubber plates of the lid. 

One drawback with the thermoineters used during the first 

cruise, was that  the bore of the stem (i. e. the space above the 

inercury) was evacuated. If therefore, by a rise of temperature, the 

mercury had reaclied the upper reservoir of the thermometer-stein 

before the water-bottle was lowered iiito the water, the thread 

of mercury would often brealc off during the contraction, and a part 

of the mercury remain in the upper reservoir. When the water- 

bottle was once more brought up on deck, the thermometer had to 

be talceii out, heated in the hand until the mercury re-united, and 

then again inserted in the bottle; but the accuracy of the determin- 

ation of the temperature would thus be impaired. 

Another drawback was that,  owing possibly to evaporation of the 

mercury in the vacuum, or perhaps simply to a inechanical reparation 

of the inercury (e. g. by shalcing), beads of the metal might be formed 

in the upper reservoir of the stem, these beads being often so small 

as to be almost invisible unless a lense or microscope were used. 

Several apparent changes in the zero-corrections of the thermoineters 

inight be thus explained, and probably also the disagreement between 

the temperatures taken with the Insulated Water-Bottle and with the 

Reversing Thermometer in 1900 a t  stat. 13 and stat. 18 (see above 

p. 47). These inconveniences have since been avoided by filling the 

tube of the thermometer-stem with an inert gas (nitrogen or carbonic 

acid) Another advantage of this arrangement may be that  the enclosed 

gas will help the mercnry to indicate the correct temperature more 

easily in cases when the mercnry has to contract after having previ- 

ously been exposed to higher temperatures. Otherwise i t  might malce 

some slight difference if before the observations, the thermometers 

were exposed to higher or lower temperatures, unless special precau- 

tions be taken, e. g. by tapping the thermometers before the readings 

are taken. 

The thermometers of the first few years were tested a t  the Reichs- 

Aastalt in Clzarlotte~zbun~, and later a t  the Central Laboratory in  Chri- 

stiania. Their zero-point was tested several times during the voyage in 
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1900, in ice taken for the purpose from Norway, and on August 2nd, 

1900, in snow from the mountains of Dyrafjord in Iceland. Since 

the beginiiiiig of 1903, all our deep-sea thermometers have been tested 

a t  the Central Lahoratory in Christiania; and the zero-points have been 

determined repeatedly both before and after the cruises, a t  the Hydro- 

graphical Laboratory in Bergen. The thermometers have also occas- 

ionally been compared with a standard therniometer of 'verre dur' from 

BAUDIN in Paris. M. GUILLAUME of the Bureau Interrzatiorzal de Poids 
et Mesures has shown Nansen the great favour of determining the 

corrections of this instrument. 

3. Water-Bottles. (l) 

The G?-eat Nansen Insukated Watev-Bottle. 

Having had much experieiice with the Pettersson Insulamted 

Water-Bottle, during the Fram Expedition 1893-96, Nansen had come 

to the conclusion that  by iinprovements on the principle of this instru- 

ment, i t  might be possible to construct an insulated water-bottle which 

could be used for talring trustworthy temperatures, even at  great depths. 

The result was the socalled Great Nansen Insulated Water-Bottle 

(made by Mr. ANDERSEN of Christiania). I t s  chief advantages were: 

(1) the use of the above-inentioned Nansen Deep-Sea Thermometers, 

fixed with perfect water-tightness iri its lid. (2) An unusually high 

capacity of insulatioii (3) absolute water-tightness when closed, as the 

lid was pressed down by excentric levers, multiplying the force of the 

lead 6 times. The illstriirrlent has been already mentioned in Nansen's 

preliminary report [1901, p. 131, Pl. 2, Figs. 1-41. It was insulated 

by concentric water-jackets, and by a number of evacuated glass-tubes. 

I n  the inner part there were seven concentric water-chambers, the 

outer-most cylinder of these having a diameter of 12.5 cm. Outside 

this cylinder there was a much larger concentric chamber filled with 

about 80 evacilated glass tubes arranged in two layers (Fig. 5, B) a 

thin plate of ebonite being inserted between the layers, in  order to 

(1) All the water-bottles used during tlie first cruise, in 1900, were provided with 
releasing propellers. During the subseqiieiit cruises, messeiigers liave always beei1 
tised, and not propellers. 
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Fig. b. The Great Nansen Insulated Water.Bottle. 
Scole of A and B '/lo of notural size. C, D, and 

E ' 1 5  of natural size. 

diminish the circulation of 

the water arnong the tubes. 

I n  the lid and the bottoni, 

there were 7 plates of india- 

rubber, placed horizontally, 

alternating with intervals of 

insulating water-layers. The 

water-sstmple in the central 

chamber of the bottle was 

thus protected against con- 

duction of heat from its sur- 

roundings, a t  each end by 

6 horizontal water-layers and 

7 plates of india-rubber(having 

altogether a thiclcness of about 

7 cm.), and on the sides by 

7 thin concentric water-layers, 

and one thiclcer concei~t~ic  

water-layer containing eva- 

ciiated glass tubes, having 

altogether a thickness of 

(i cm. The insulation was 

consequently very complete. 

The arrangement (see 

Fig. 6) for releasing the lid 

by a propeller when the 

instrument was set, was the 

same as that  mentioned in  

the " Oceanography of the 

North Polar Basiri " (NANSEN, 

1902, p. 138). By means of 

a stopper (Fig. 6, s),which could 

be lengthened or shorteiied 

by a screw (b), the propeller 

could be set to release the 

lid of the water-bottle a t  any 
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desired distance within the first 15  metres of its passage upwards. 

The propeller always worked mrithout a hitch; i t  never failed to releaue 

when desired, and the possibility of releasing unintentionally was pre- 

cluded. When set, the cylinders were suspended under the lid by two 

long rods, one on each side, sliding in two slots (Fig. 5. B, sl s) at  the 

upper eiid of the external brass cylinder. These rods had balls a t  their 

lower end, which would catch in the slots and raise the cyliiiders when 

the lid was raised. 

When the instrument was set the excentric levers (l, 0 were 

kept iii position by two hooks (Fig. 5, C, h, h), having each a pin (c) 

that  fitted into a hole (E, c") in the lever. When 

the lid was released and dropped on to the cylinders 

in situ, these two hoolcs (h, h) were pushed aside 

and opened, in  passing the notch 76 (see Fig. 5, D), 
thus releasing the excentric levers. These, being 

heavily weighted by the lead attaclied to them, 

instantly dropped, and in so doing, their inner, 

short ends were caught under the said notch 

(Fig. 5,  E, 7 4  and pressed the lid down upon the 
cylinders, and these again upon the bottom, with Fig. 6. Releasing 

Arrangemen t,. a force arnotinting to six times that of the weight 

of the lead. Thus the water-bottle wotild be loclied with absolute water- 

tightness, and every possibility of the lid being again lifted, or the 

slightest chance of water entering during the hauling up, was precluded. 

This was an important improvement upon most of the earlier water- 

bottles. 

The Deep-Sea Thermoineter was fixed so as to be water-tight, 

by a screw and a ring of india-rubber, to the brass lid, and passed, 

by rneans of small round holes which i t  fitted excactly, through the 

7 india-rubber plates of the lid. 

By a central stop-cock, the water could be tapped froin the 

central chamber, and by two other stop-cocks from the outer concentric 

chambers. By opening a screw in the lid, air could be admitttid to 

allow the water to run out through the stop-coclis. The total quantity 

of water enclosed in the bottle was about 5 or 6 litres. 
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The Greut Pettersson-LVunsen Insulated Watey-Bottle. 

I n  cooperation with Professor OTTO PETTERSSON, Nansen con- 

structed for the cruise in 1900 another large insulated water-bottle, 

which was made by L M. Ericsson (l? Comp., in Stoclcholm. Many 

of the improvemeilts of the instrument just described had also been 

introduced into this instrument. It was arranged for fixed deep-sea 

therinoineters in a similar nianner, and was insulated by a great 

number of concentric water-jackets, separated partly by brass tubes, and 

partly by tubes of ebonite and celluloid; biit i t  had no evacuated 

glass-tubes. The bottle would hold nearly the same quantity of 

water as the former bottle. I t s  insulation was very good, but i t  had 

no arrangement with excentric levers for pressing the lid down and 

locking it, and was therefore not so absolutely trustworthy as regards 

water-tightness as the former instrument. Since then, however, Nansen 

has also had this improvement iiltroduced in the Pettersson-Nansen 

Water-Bottles made by L. M. ERICSSON. I n  1900 the instrument was 

released by a propeller of ERICSSON'S constriiction which, however, was 

so arranged that  wheii the instrument mas let down through the water, 

the propeller would screw itself out of the screwthread and run freely. 

It then sometimes happened tliat when the bottle Tvas hauled up, the 

propeller would not a t  once catch the screwthread again, and thus 

the lid of the bottle was not released; the bottle was sometimes hauled 

up as much as 1000 or 2000 metres before the lid was released, and 

thus the water-sample obtained inight be from a stratum entirely 

different froni that expected. This fault was afterwards remedied, 

generally by using a messenger instead of a propeller. Dr. V. WAL- 

FRID EICMAN [1905, pp. 13-15, Pl. I] has described the smaller type 

of this improved water-bottle, now geneially used, and we will not 

describe i t  here. Our water-bottles of 1900, were larger and had many 

iiiore concentric water-jackets than that  small iiistrument and had 

therefore a better insulation. From 1900 to 1903, the large water-bottle 

has always been used for depths greater than 600 metres. The small 

pattern of the iinproved Pettersson-Nansen Water-Bottles was used 

during most of the cruises from 1901 to 1903, for depths down to 

600 metres. 



NO. 21 THE-NORWEGIAN S E A  55 

The  Small Pettersson Insulated Water-Bottle. 

I n  1900, we had two instruments of this older pattern, described 

by PETTERSSON [l894]. One of thein was altered so that a Nansen Deep- 

Sea Thermometer could be fixed in the lid. This was an v 
improvement, which greatly increased the accuracy of 

the temperature-determination and also saved much time ; 

and with this arrangement the bottle insulated snfficiently 

well to be used down to 300 and 400, or even 500 metres. 

These water-bottles were originally provided with prop- 

ellers, which did not work with sufficient certainty. 

Before the cruises during the wiiiter of 1000-1901 

they were therefore altered so as to admit of using 

a messenger. 

The  Nansen Stop-Cock Water-Bottles. 

I n  1900 Nansen also had several water-bottles 

made for attaching to the sounding line at intermediate 

depths, when deep soundings were taken. One of these 

water-bottles was made of two brass tubes about 1 metre 

long and 2 cm. internal diameter (Fig. 7). These tubes bad 

stop-coclrs at both ends similar to those used in the 

Buchanan Stop-Coclr Water-Bottle of the Challenger 

Expedition. (1) The arms of the four stop-cocks are 

attached by hinges to a rod, placed between the two 

tubes in such a manner that the tubes are movable up 

and down, rouiid the hinges formed by the arms of the 

stop-cocks. At the upper end of the rod is an arrange- 

ment for releasing by a propeller, of the same patter11 

as that of the Nansen Insulated Water-Bottle (see above 

Fig. 6). When the tubes were raised, aiid attached 

by their upper ends to the two hoolcs that are set by 1 the releasing propeller, the stop-coclrs are open, and when Fig ?. 
Na,lsen 

the instrument is let down, the water inay run fredy Stop-Cock Water- 
Bottle. (Scale '/lo 

through the tubes, being forced into them throngh the of natural size.) 

(1) Cf. Clanllenger Report, Narative, vol. l ,  Part  l, p. 113. 
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conical mouth-pieces a t  their lower ends. As the diaineter of the 

apertures of the open stop-cocks, was the same as those of the tubes, 

the water in the latter, even without these inouth-pieces, would be 

changed with almost equal rapidity as the instrument passes through 

the water, i t  being only impeded by the friction against the sides of 

the tubes. When the instrument has been hauled upwards a certain 

distance, which can be regulated as desired, the propeller will release 

a hoolc (on the principle mentioned above, see Fig. 6); the tubes become 

free, and will drop, by their own weight, on the hinges on both sides 

of the rod, to their lower position, thns closing the stop-cocks. By 

means of two small ratchets or stop-springs, the tubes are now pre- 

vented from again being raised. At the lower end of each tube there 

is a small stop-cocli for talcing the water-sanlple, and a t  the upper end 

is a small screw with a hole for letting in air whcn opened. I n  this 

screw there is also a small safety-valve consisting of a tiny hole, over 

which an  india-rubber bladder is tied a t  the head of the screw, to 

make it water-tight. When the water expands by being hauled up 

from great depths, the superfluous water can escape through the tiny 

hole into this bladder. 

By means of jam-nuts a t  the upper and lover ends of the central 

rod, the instrument can easily be attached anywhere to the sounding-line. 

The instrument worlced very well, and closed perfectly; but by 

some mistake the tubes had not been tinned or niclcel-plated inside. 

The brass was therefore soon corroded by the sea-water, and copper- 

salts were formed on the inner surface of the tubes. It thus happeiled 

that  some of the water-samples were so much contaminated by copper- 

salts that  the determinations of their specific gravity showed con- 

siderable errors, and the samples were useless for that kind of de- 

termination; but the amount of chlorine they contained, as determined 

by titration, did not appear to have appreciably altered. 

Another water-bottle on the same principle was also constructed 

in 1900. It had only one tube with stop-coclis, the tube on the other 

side of the central rod being replaced by a reversing apparatus for 

reversing thermometers. The tube of this water-bottle was widest in 

the middle, and tapered off towards the stop-cocks a t  either end; the 

diameter of the apertures of the tube was thus much sinaller than 
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that  of the central portion. Though of no great length, this tube 

would hold more than h d f  a litre of water; and by means of a 

conical mouth-piece a t  its lower end, the water was made to flow through 

i t  with sufficient rapidity during the descent, without running the risli 

of water from one water-stratum being dragged down in i t  into an- 

other. W e  think that  this lcind of water-bottle is to be recommended 

for future use, as i t  is very haady, perfectly water-tight, and can be 

made a t  a comparatively small cost. 

The Ekrnan. Rewrsilzg Water-Bottle. 

This water-bottle [cf. EKMAN, 1905, pp. 27-28] was used for 

greater depths during the cruises of 1903 and 1904. The first in- 

s t rument~  made, however, were too delicate; after being used for some 

time, the brasa rods which press the lids towards both ends of the 

cylinder and close the water-bottle, became bent and therefore did not 

work sufficiently well. For this reason the instruments had to be 

frequently tested and repaired. As they are now made, they work 

very well and are very easily handled. 

(4). The Preservation of the Water-Hamples. 

During the first cruise, in 1900, some titrations of the water- 

samples were carried out in the laboratory on board, shortly after the 

samples had been talcen. It proved more convenient, however, to 

store the samples for examination ashore, because the conditions there 

were more favourable for the attainnlent of exact results, and also 

because the time on board was generally fully occupied by other 

work. All the analyses referred to in the present inemoir were thus 

made some time after the termination of 'the cruises. The qnestion 

of the preservation of the samples is therefore an  important one, and 

it must be ascertained whether any appreciable changes have talien 

place in the water during the time of storing, which sometimes lasted 

several months. 

The glass-bottles used were of two different types, viz. small 

medicine-bottles of ordinary white glass closed with corks, and larger 

soda-water bottles of green glass with patent-stoppers, 
8 
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The soda-miuter bottles contained 450-500 cubic centimetres, and 

were used principally for the determinations of the specific gravity 

(by hydrometers of total iminersion or by hydrostatic weighings). 

For such determinations care must be taken that  no evaporation 

takes place, and that the bottles are made of glass containing as little 

soluable matter as possible. The soliibility of the green glass of 

which the soda-water bottles consisted was tested by Dr. S. P. L. 
SØRENSEN (Copenhagen), in connexion with his work on the chemical 

constants of sea-water [KNUDSEN, etc., 19011. Dr. SØRENSEN has 

kindly given us the following summary of liis investigations on the 

solubility of different kinds of glass: 

lLThe examination of the two greeii bottles, received last month, has been 

carried out in the  following manner: The bottles mere filled nearly full with di- 

stilled water, mere closed with the  patent stopper, and then placed for a  vee elt on 

the top of the boiler in the Polytechnic Institute (Copenhagen); the  bottles were 

lrept well corered with paper; their temperature varied between 40 O and 50 C. After 

remaining thus during this week, a measured yuantity (300-400 cub. cm.) of the  

water mas vaporised to dryness i n  a previously annealed and weighed porcelain 

crucible, which was then once more annealed and weighed. The bottles were twice 

treated with distilled water in this manner. 

The experiments were made by cand. mag. BJØRN-BNDERSEN, and the result 

was as follows: As regards the quantity of matter dissolved by t,his treatment witli 

water, no essential difference was foiind between the first and the second application; 

the quantity varied between 0'47 and 0'86 milligramme of dissolved matter in 1 litre 

of water. If we assiime the capacity of the bottle to be ' 1 2  litre, and i t s  interior 

surface to measure 350 square centimetres, this means that  for every litre of water 
used, 0'07--0'12 milligraw~me of matter has been dissolved per spare decimetre of 
the interior s~rface of the glass. 

In order to judge of the reliability of these figures, it may be mentioned that  

the distilled water used contained (before the experiments) in one litre about 0.10 

milligramme of non volatile matter (corresponding to the  0.47--0.86 milligramme 

mentioned above). The maximiim error in weighing on the balance nsed may be 

put  a t  f 0'05 milligramme. 

The highest values are certainly too high, as it proved difficnlt to entirely 

excliide dust. 

For comparison with the  valiies foiind, the following Table of results that  

were obtaiiied in  the same mnnner, with other kinds of bottles, are here given: 
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Kind of Bottle. 

Norwegian, green '/?-litre bottles (previously iised Y) . . 
Danish, common, white, l-litre bottles (previously uniised) 

Danish, green, l-litre bottles (previously uniised) 

. . . . . . . . . . . . . . . . .  1st treatment 

2nd » . . . . . . . . . . . . . . . . .  
Danish, greeii o-litre bottles (previously iitiused) 3rd 

treatment . . . . . . . . . . . . . . . . . . .  
A white, 4-litre porcelain bottle from Professor PETTERS- 

SON, Stockholm (not known whether previously 

. . . . . . . . .  used or unilsed) 1st treatment 

2nd D . . . . . . . . . .  

Dissolved Matter in each 
Litre of Water iised, per I 
Scliiare-Decimetre of inner 
Glass Surface. (After staiid- 
ing one week ilt 4O0- 

60° C.) 

0.07-0'12 milligramnie 

2'46-4'28 n 

There are no values on record that are directly comparable with these. 

KOHLRAUSCH states that from the surface of unused Thuringian glass of medium 

quality, water a t  18' C., iii the proportion of 1 litre per 10 sq. decimetres of surface 

(i. e. conditions more or less similar to those of the Norwegian bottles), will dissolve, 

during the first few days, aboiit ,l, milligramme per diem, after that less, nntil in 

the course of a few moiiths i t  is only milligramme per cliem per sq. decimetre; 

altogether about 1 milligramme is dissolved per square decimetre in 100 days. I£ 

we assume that one tenth is dissolved during the first week, this gives, for cvery 

litre of water per square decimetre, an amount of about 0.1 milligramme cliusolved 

by a week's treatment vi th  water a t  18' C. The glass, however, is acted upon 

much more readily by 40 '-60 C. than by 18 C. If we also take this fact into 

cotisideration we may infer - and anything more than an inference i t  can nerer 

be - that the Thuringian glass of medium qnality, mentioned by I<OHLRAUSCH, 

has most resemblance to the above-mentioned Danish white glass, while all the other 

bottles examined are of a much hetter quality of glass, and of kinds that are among 

those least affected by water, concerning which ~OHI,RAUSCII says that by treatment 

with distilled water under similar conditions, they give off only about i1, of the 

above quantity. 
S. P. L. SØRENSEN." 

It will thus be seen that  the solubility of the green Norwegian 

glass of soda-water bottles in sea-water is very small, practically 

nothing, indeed, when the bottles have been steeped for some weeks. 

For our first cruise we were provided with a stock of old bottles of 

this End,  which had proviously contained soda-water. They were 

kept, moreover, for a fortnight in hot water, that was heated by 
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steam nearly to  boiling point, and changed several times. After the 

cruise, when the water-samples had been examined, the bottles were 

not emptied, but they were left as they were until a new sample had 

to be taken during the following cruise. I n  this way the bottles 

were steeped for a very long time, and no appreciable error could possibly 

arise from dissolving of the glass; in fact, the dissolving of the glass 

would not affect the fifth decimal place, hardly even the sixth, of the 

specific gravity of a water-sainple kept for months in a bottle such 

as this, containing 500 cubic centimetres. Even after years have 

passed, wheii the examinatiou has been repeated, we have found no 

appreciable change up to the fifth decimal place. 

The patent stoppers used in Norway for soda-water bottles consist 

of a china lid fitted beneath with an India-rubber ring, which is 

pressed tightly against the edge of the mouth of the bottle by a 

lever. The stoppqs close perfectly when care is taken that  the India- 

rubber ring is of good quality. W e  have been furnished with a large 

nnmber of such rings, which have been kept in water in order to 

prevent the India-rubber from growing hard and inflexible. (l) 

Soda-water bottles have sometiines been used for lceeping water- 

saniples for titration ; but as a i d e  smaller nzedicine bottles have 

been used for this purpose. The white glass of these bottles is much 

inore soluable iii water than the greeii glass (cf. above); but this has 

no influence upon the titrations, as no chlorine will be dissolved. 

Bottles of this kind have not been used for the determinations of 

specific gravity. 

The medicine bottles used in 1900 contained only 100 cubic 

centinietres. With this small quantity of water - although large 

enough for examination - the evaporatioii through the stoppers may 

have a great effect; and therefore for the investigations of subsequent 

years ?ve have used larger bottles of the same type, generally con- 

taining 200 or 250 cubic centimetres. 

Cork stoppers may easily be the cause of serious errors. I f  

the corks be carefnlly selected, and driven well down into 

(1) Since 1904, bottles of this kincl, containiiig 260-300 ciibic centimetres, 
have been provided by the Central Laboratory for the Study of Sea, Christiania, a t  a 
price of kr. 11'00 per hundred. 
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the bottle (as has always been done in the investigations dealt 

with here), they may lieep the water-sainples fairly well for a 

short time; but they are never perfectly trustworthy, and if the bottles 

be kept for any length of time -- say a month or more -- before 

the samples are exainined, considerable changes may occasionally arise 

from evaporation through the corks. They cannot therefore be recom- 

mended for worli in which any high degree of accuracy is desirable. 

As this point is of great importance some details of our experiences 

inay not be altogether superfluous. 
In 1900, two medicine-bottles, each containing 100 cubic centimetres, were 

sometimes filled with water of t,he same samplc. One mas examined a few weeks 

after the samples had been taken, the other was titrated between 11 and 12 months 

later. Two different standard waters were iiserl, Nos. I and 111, respectively (see 

below). 143 samples m-ere treated in  this way, and the followiiig results Tvere 

obtained: 

In  16 cases (rather more than 10 per cent.) the titratioris gave exactly the 

same resnlts. 
In 32 cases, the first titration gave a l~igher salinity than the second, made a 

year later. The details will be seen in the following table, in wich AS means the 

difference of salinity, in hundredths per mille, and N the number of analyses: 

A S 1  2 3 4 5 6 7 8 9 1 0 1 1  

N 6 1 2 5 2 3 2 2 0 0  0 1 

The differences are evideritly mainly due to errors of observation. The con- 

stants of the standard waters had perhaps not beeii determined, with absolute accu- 

racy; the valne attribnted to standard water No. I11 being possibly too low as com- 

pared with that of No. I. Some of the differences may perhaps also be ascribed to 

evaporation through the corks of the bottles first examined, during the few weeks 

that had passed between collection and examination. 

In  96 cases the first titration gave a lower valiie tlian t,he second,as might be 

expected as a result of evaporation. The details were as follows: 

A S 1  2 3 4 6 6 7 8 9 1 0 1 1  12 13 14 16 

N 9 1 1 6 7 5 9 6 6 4 4  4 2 1 4  3 

In one instance the difference was 0'36, once 0'40, and once even 0.73 per mille. 

Here, too, the small differences may be ascribed to errors of observation; but 

the cases in  ~vhich the differences are very appreciable are rather ilurnerotis, and 

evaporation must here have been very great, althongh the corks appeared to be good 

In  these 143 cases the meau difference, neglecting the sign, was 0'07 per mille. 

If the 32 cases in which the first titration gave the higher valiie are left oiit of occouiit, 

\ve shall obtain a me:tn difference of 0'08 per mille. This figiire m:iy be considered 

as a rough expression of the mean result of the evaporation during a year under the 
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above conditions. A figilre such as this is of little valiie in itself, e. g. for finding 

a correction, the individual variations being too great; biit i t  neveriheless possesses 

some iuterest, in so far as it  clearly shows that water-samples lrept in this manner 

will generally be snbject to very appreciable changes. 

In 1900, 83 bottles which had been examined, were piit aside for 6 months, 

and then examined once more. The corks in some cases were a little damaged by 

the corlr-screw. The menn difference of salinity between the double determinations 

mas 0'08 O/,,; and thus the nverage evaporation in 6 months was fully as great as 

it  had been in the former cases in from 11 to 12 months, thereby shoming the effect 

of an inferior qiiality of cork. 

If corlcs be used, the examination of the samples must take 

place as soon as possible. I n  Nansen's preliminary report [1901, pp. 
141-142, Pl. 31 i t  was pointed out that Helland-Hansen's titrations, 

made only a week or two after the samples had been talcen, showed 

a distinctly greater regularity and closer accordance with the deter- 

minations of the specific gravity, than those made a month after the 

samples had been taken. 

I n  order to avoid the errors due to evaporation, a piece of parch- 

ment-paper was sometimes tied over the cork. This expedient, how- 

ever, was not sufficiently effective; a layer of paraffin-wax or ordinary 

wax over the bottle is much better. But if common medicine-bottles 

have to be used, the best plan certainly is to have stoppers of india- 

rubber instead of cork. If these are well rammed in and securely 

tied down, so as to prevent thein from getting loose again, they will 

keep very tight; and as they may be vashed, kept in water, and 

used over and over again, they will not be very expensive in the 

long run. 

5. Deterininations of Salinity and Specific Gravity. 

Glass bottles of both the types described above were used for 

inost water-samples during the cruise in 1900, and two sets of 

analyses (titrations and determinations of specific gravity), the one 

to check the other, were accordingly inade. During subsequent 

years, two similar sets of water-samples have only occasionally been 

brought home, and then always from depths of 400 metres or more; 

whilst as a rule the observations are based upon titrations of smaller 

samples kept in medicine-bottles. The salinities and densities given 



NO. 21 THE NORWEGIAN SEA 6:3 

in the sections for 1901--1904 (Pls. XV-XXIV B) are thus for the 

most part based on the titrations, the values of salinity and density having 

been calculated from the amount of chlorine by means of 1i;nudsen's 

Tables. The determination of the specific gravity being the inore exact 

of the two methods, the salinities found in the sections for 1900 

(Pls. XIV A & B) are those calculated from the determinations by the 

Hydrometer of Total Immersion, and not those found by titration. 

For further particulars the reader is referred to the Tables for that  

year(1). 

The Titrations. 

The method of titration used was that of MOHR. The solution 

of nitrate of silver was kept in 5-litre bottles, standing above the 

burette. The water from the sample was transferred by the pipette 

into a tumbler, to  which the silver-soliition was added, the mixture being 

constantly stirred ineanwhile with a glass spattle. If the salinity is 

not known, the indicator (K, C r 0 4 )  was added a t  oilce; otherwise it 
was only added towards the end of the titration. The operation takes 

from 4 to  5 minutes for each sample. For every 10th to 15th sample 

of sea-water a titration of standard water was made. 

The burettes used were of two types, viz. ordinary cylindricd 

burettes (divided into tenths of a cubic centimetre, and provided with 

a swimmer) and bulb-burettes. The advantage of the bulb-burette is 

that the errors arising from the slow drainage along the inner wall of 

the glass tube, are diminished very considerably. The division of the 

cylindrical stem below the bulb varied, sometimes giving the approxi- 

mate amount of total salinity, sometimes that  of chlorine. I n  the 

first case, the volume of the bulb, from the zero-mark on the capillary 

tube above i t  to  the upper part of the stem below it, was 32 cubic 

centimetres; the lower stem of the burette was then, divided into 

tenths or twentieths of a cubic centimetre from 32 to  36 cub. cm. The 

silver-solution was so concentrated, that for the titration of water of 

35 per mille, for instance, about 35 cubic centimetres was required. 

(1) Since the summer of 1902, all t,lie station-observations have been published 
in "Bulletin iles rksultats acquis pendalzt les courses pdriodiques", published by the 
International Rureau for the Study of the Sea, Copenhagen. These obserrations will 
not be giveli in the form of tables in the present memoir. 
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For this calculation the chlorine-vdue corresponding to the reading of 

the burette (which is then regarded as the approximate salinity) was 

taken from KNUDSEN'S Tables; and a correction, found in those Tables, 

applied to i t  in the usual way, and finally the real salinity has been 

found. - Some bulb-burettes were used, which give a reading corre- 

sponding to the amount of chlorine. The cylindrical part of the 

burette then had divisions marked on i t  from 17 to 20, either cubic 

centimetres, subdivided into tenths, or double cubic centimetres, sub- 

divided into twentieths. The volume of the bulb itself in the former 

case was half that  in the latter case; and the concentration of the 

silver-solution had to be made twice as strong. With the larger bulb- 

burettes especially (and consequently the more diluted silver-solutions) a 

reading corresponding to 0.005 per mille is easily attainable. 

Ifizudsen's autonzatir: p-ettes have been used for all the titrations, 

generally those containing about 15 cubic centimetres, and occasionally 

20 cubic centimetres. The volume of the water is determined with 

sufficient accuracy by ineans of these pipettes [cf. BJERRUM, 19031. 

Standard water (No. I) of the same supply as used by KNUDSEN 

for his determinations of the constants of sea-water was lcindly offered 

to us by him in 1900, It was contained in soldered glass tubes. 

When the stock came to an  end, new standard water was made from 

a number of water-samples from the Norwegian Sea. These samples 

were filtered into a large glass balloon, and afterwards carefully kept 

m old soda-water bottles. The amount of chlorine in this standard 

water (No. 11) was determined by numerous Mohr's titrations, checked 

by comparison with standard water No. I. Subsequently two other 

supplies of standard water (Nos. I11 and I V )  had to be made, each 

of thein being determined by comparison with the preceding one, by 

a number of ordiilary Mohr's titrations. In the summer of 1902, 

standard water was supplied by the Central Laboratory in Christiania. 

When i t  was compared with our standard water No. I V  the two were 

found to agree perfectly; the difference between the value of chlorine 

determined beforehand for this standard water, and the value found 

froin the titrations with the standard water from the Central Laboratory 

being in fact less than 0'005 per mille. We may therefore conclude 

that the standard waters used between 1900 and 1002 were determined 
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with sufficient accuracy, and that consequently the observations made 

during that time are as accurate as the others. 

The  avera.ge accuracy of titrations may be estimated at -C 0.01 

per mille of salinity, or perhaps a little more. At the comrnencement 

of our investigations, Helland-Hansen made double titrations of about 

260 water-samples in order to test the accuracy of the method. The 

mean difference of salinity between two determinations of the same 

sample found by these 520 observations was 0.016 per mille, i. e. a 

mean error of a little less than + 0.01 per mille. 8uch a degree of 
accuracy can only be obtained by talring great precautions. One of 

the chief requirements is that the titrations shall be made quite auto- 

matically, that is to say, the different phases must be performed in 

the very same manner and occupy the same length of time. With 

some practice i t  is possible to perform the titrations in almost exactly 

the saine length of time, e. g. 4*/2 minutes each. If the examination 

of the water-samples and of the standard water be thus made in the 

very same manner, the errors caused by the after-drainage of the 
/ 

silver-solution in the burette will be negligeable; whereas they may 

otherwise be quite considerable, even though they be reduced by means 

of the bulb-construction. It is also, of course, very important that 

the temperature of the water-saniples and the standard water is the 

same; and for this reason all the bottles were always placed together, 

with the standard water, for some time before examination. When 

it has been decided to stick to a certain shade of colour as the final 

one in the process, this same shade can easily by obtained in sub- 

sequent titrations, by adding, if necessary, parts of a drop of the silver- 

solution to the contents of the tuinbler, by means of the spattle 

T h e  Determinations of the @?ec$c Gravity. 

For tracing the very small variations in certain layers, e. g. the 

bottom-water of the Norwegian Sea below 1000 metres, the method 

of titration is not sufficiently accurate. All such "valuable" water- 

samples have therefore, as far as possible, been examined by means 

of the most exact methods, vix. by Hydrometers of Total Immersion 

or by Hydrostatic Weighing. 
9 
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Na~sen's Hyd~ometers of Total Iwmersion have been described by 

NANSEN [l9001 and SCHETELIG [1901]. SCHETELIG has determined the 

specific gravity of all the larger water-samples, those of 500 cubic 

centimetres, from 1900, with such hydrometers. The accuracy of the 

determinations has in most cases been within one unit of the fifth 

decimal place (i. e. within -C 0.005 of b,). By repeating the deter- 

minations of the same water-sample, we have as a rule found only 

very slight differences in the results; but with this kind of observation 

one has naturally to be careful about the evaporation of the water 

during the observation. 

Hydrostatic Weighing was employed in the case of some samples 

from the deeper strata, collected in 1903 and 1904. The determinations 

were made a t  the Central Laboratory in Christiania, chiefly by NANSEN 

and by SCHXTELIG, and an  accuracy of up to a few nnits in the sixth 

decimal place of the specific gravity was attained. W e  shall return 

to  these determinations later, in Chapter X 1  (The Bottom-Water). 

It is worthy of note that  in soine cases in which the stop-coclc 

water-bottle with two narrow tubes (see above p. 56) had been 

used, SCHETELIG, in his first determinations of the specific gravity, 

obtained values which were obviously several units of the fifth decimal 

place too high. Wheri these water-samples had been left undisturbed 

for some days, however, we observed that  a bluish sediment had 

been precipitated on the bottom of the bottles, and upon closer 

examination this sediment proved to be copper-salts. It was obvious 

that the inside of the brass tubes of the water-bottle had become 

corroded by the drying of the sea-water in the a i r ;  and the copper- 

salts thus formed, though riearly insoluble in water, had been carried 

away by the water-sample. It was therefore quite natural that  the 

first water-sainple taken in the day with this water-bottle, would 

contain most copper-sediment. By leaving these water-samples a t  rest 

for several days, and then pouring off the water carefully, without 

stirring up the sediment on the bottom, the errors caused in this 

manner were to  a great extent eliminated; but nevertheless some of 

the samples talcen with this water-bottle seem to have yielded values 

that  were somewhat too high. 

I n  cases when the water-bottle had struclc the bottom, and had 
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been filled with mud, i t  was also very difficult to obtain trustworthy 

determinations of the specific gravity of the water-samples, as there 

was too much mnd suspended in the water. I n  such cases the samples 

were left tindisturbed for a long time, and the water was poured off 

with great care; but nevertheless this was no actnal guarantee that  

the specific g r a ~ i t y  would not be too high. The salinity, however, of 

these samples could be determined with tolerable accuracy by titration. 

It will be well, before going further, to  explain our use in these 

pages of the terms syeciJic g ~ a v i t y  and density. When not otherwise 

stated, by speci$c gravity is to  be understood the specific gravity of 

the sea-water a t  O" C. as compared with distilled water a t  4 "  C., and 

by density the density of sea-water of the actual temyeratilre i ~ z  situ 

(t0 C.) as compared with distilled water a t  4" C. Thus the specific 

gravity depends only upon the salinity, the temperature being always 

the same (zero); whereas the density in situ depeiids upon both the 

salinity and the temperature. This is usually expressed in the forms 

Sg (or S,) and X 4  (or St) respectively; but i t  will be more practical to 

follow KNUDSEN'S method of expression, employing 6, = (5, - 1) 1000 

and Gt = (St - 1) L000 to indicate the respective values of specific 

gravity and of density. Thus for the sake of brevity me shall spealc 

of " a  density of 28.05 ", meaning "a density i.n situ of 1'02806 ". 
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IV. The Basin of the Norwegian Sea, 

l. The Area of the Norwegian Sea. 

B y the name Norwegian Sea we understand the whole sea-area 

enclosed between Norway, the Shetlands, the Færoes, Iceland, 

Greenland, Spitsbergen and Bear Island. Its basin is bounded (see 

Pl. I) towards the east by the Spitsbergen Platform, the continental shelf 

of the Barents Sea, and the Norwegian Coast; towards the south and 

south-west by the North Sea Platform, the Wyville Thomson Ridge, 

the P ~ r o e  Platform, the Færoe-Iceland Submarine Ridge; the Iceland 

Platform, and the Iceland-Greenland Submarine Ridge; towards the 

west by the east coast of Greenland; and towards the north by a 

probable submarine ridge between Greenland and Spitsbergen. 

The subdivisions of the great Norwegian Sea-area are the Greenland 
Sea between northern Greenland (north of 71" N. Lat.), Jan Mayen, 

and Spitsbergen, and the Iceland Sea between Iceland, Jan Mayen, 

Greenland (south of 71 " N. Lat.) and the Iceland-Greenland Submarine 

Ridge. A portion of the latter sea, lying between Iceland and Green- 

land is also called Denmark Strait. 
The Norwegian Sea lies between the extensive basin of the 

Atlantic Ocean on the one side, and the deep North Polar Basin on 

the other. It forms to some extent a thoroughfare for waters travel- 

ling between these two seas, and this circumstance has a fundamental 

effect on its physical conditon and circulation. 
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Fig. 8. The Norwegia,n Ree. 

Connected with the Norwegian Sea there are also two enclosed 

shallow sea-areas, in the south the North Sea, with the Skagerak, 

the Kattegat, and the Baltic, and in the north-east the Barents Sea. 

The circulation between these shallow seas and the Atlantic is also by 

way of ,the Norwegian Sea (with the exception of the comparatively 

insignificant masses of water passing thiough the Straits of Dover). 
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This circumstance has also a considerable influence upon the physical 

condition of the Norwegian Sea. 

Basing our calculations upon our bathymetrical chart of the 

Norwegian Sea, Pl. I, we have nieasured, with a planimeter, the area 

of the entire Norwegian Sea, and the areas enclosed by different 

isobaths, as drawn in the chart. The final results were as follows: 

Diff erence 
The area of the snrface(1) . . 2.58 million scl. km. 

) 0'79 X lo6 km3. 
The water-area a t  a depth of 600 m. 1.79 » » 

>) - )) - » » » » 1 000 » 1 ' 65 » 
» " }0.;4 X lo6 D 

)> -- )) - l> )) )) )) 2000 )) 1.05 )) 
}0.60 X lo6 » 

)) - »-- » )) » 3000 » 0'30 » ') » ') » 10.75 X 10' 

The volume of the Norwegian Sea is found by these calculations 

to be approximately 4 .12  million cubic kilometres, and its mean depth 

about 1600 metres. 

The following Table shows the percentage of the area of the 

bottom of the Norwegian Sea lying at  different levels, according to 

the above measurements. The third column gives the percentage of 

the sea-bottom below 600 metres lying at  different levels between 

600 metres and the greatest depths. I n  this case we consider the 

continental shelf above the 600 metres' contour as not belonging to 

the sea-bottom but to the continents. 

(1) As the limits of the sea we have taken the coasts of the above-named 
land8 and islands, the highest part of the ridges separating the Norwegian Sea from 
the Atlantic Ocean, a line from the Shetlands to Stad, and, in the north, the meridian 
of 20' E. Long. from Norway to Bear Island, a line from Bear Island to Spits- 
bergen, and from the north-western corner of Spitsbergen along the (supposed) ridge 
to the north-eastern point of Greenland. 

Percentage of Sea-Hottom 
below the 600 Metres' 

Contour 

8 per cent. 

34 n )) } 75 '/a 
41 n . 
11 n » 

Level 

-- 

Retween O and 600 metre~  
)) 600 )) 1000 

1000 r 2000 n 

)) 2000 n 3000 D 

Below 3000 » 

Percentage of the 
entire Sea-Bottom 

30'6 per cent. 
6'4 r » 

23'3 n 

29'1 » : ) 64.0 / o  

11'6 n 
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l Nearly one third of the whole sea-area covers the continental 

shelves, and is above the 600 metres' contour, and very nearly two 

thirds covers the deep sea-basin, while the area of the continental 

slopes is comparatively very small. 

Three fourths of the deep basin area lies between 1000 and 

3000 metres' depth. 

2. Bathymetrical Features of tlie Norwegian Sea. 

The Bathymetricai Chart, Yl. I. 

l 
I Our bathymetrical chart, Pl. I, of the Norwegian Sea, is chiefly 
l 
l 
I 

based upon Nansen's bathymetrical charts of the North Polar Seas, 

and of the Norwegian Coast, and upon his two charts of the sea 

round the Færoes and Shetlands, and round Iceland [NANSEN, 1904, 

Pls. I ,  XI, XXIII, XXIV]. 

MOHN'S chart of the Norwegian Sea in 1887 [MOHN, 1887, Pl. I] 
gave the first real representation of the chief bathymptrical features 

of this basin. It was chiefly based upon the soundings of the Nor- 

I wegian North Atlantic Expedition, 1876-78, and upon previous souri- 

dings mentioned by MOHN [1887, pp. 2-31. Since that time, im- 

l portant soundings have been taken in the Norwegian Sea chiefly by 

the various expeditioiis mentioned in Chapter I, and by the Nor- 

wegian, Danish (Icelandic), and British Survey, as also during the cruises 

of the Michael Sars. We have made use of all these soundings for 

our chart, and have also had the great advantage of being able to 

introduce into i t  the soundings taken in 1905 by the Duke of ORLEANS 

in the sea between Greenland and Xpitsbergen. These soundings help 

I to give a more definite idea of the shape and width of the continental 

i shelf of the north-east coast of Greenland, and this again has aided 

greatly in affording a clearer understanding of the physical condi- l tions of the East Greenland Polar Current. 

Just as the last proof of this chai-t was being revised, we received 
l 
i from Lieutenant ALF TROLLE a map showing the important discoveries 

of the Dannzark Expedition, 1906-1908, along the north-east coast 
I of Greenland. We were thus able to have this coastline introduced 
l 
l on the stone before the chart was printed. We consider this a very 
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valuable addition; and the way in which this coast-line accords well 

with the hypothetical isobaths drawil in the chart, in this region of 

the sea, is quite remarkable. One fact especially interesting to us is 

that the projection of the great peninsula north-eastwards, between 

81" and 82" N. Lat., seems to strengthen the probability of a sub- 

marine ridge running from this part of Greenland to the north-west 

"corner of Spitsbergen. 

By some mistalce a sounding of 3023 metres, taken at Stat. 35, 

on June 7th, 1904 (see Pl. XII), was not introduced in our chart, 

Pl. I .  The position of the sounding vas 64" 53' N. Lat., and 1 "  20' 

W. Long. The isobath of 3000 metres should consequently have a 

shape somewhat different from that represented in Pl. I, and the area 

of the hollow deeper than 3000 metres, will get a wider extension 

southwards (see Fig. B), more in accordance with the shape of the 2500 

metres' contour. As there is another sounding of 2913 metres in this 

region, just east of the Greenwich Meridian (see Pl. I) it is probable 

that the 3000 metres' contour should also approach this place as 

indicated in Fig. 8. The sounding of 2800 metres to the north-west, 

may be on an elevation which is a continuation of the elevation 

extending north-westwards from the mouth of the Norwegian Channel. 

I n  Fig. 8 the shape of the isobath of 3000 metres has been altered 

accordingly . 
A small bank with depths of less than 400 metres is indicated 

iii our chart, to the north-east of the Færoes. We doubt the existence 

of this bank, as i t  is only based on a single sounding of 373 metres, 

talcen during the Norwegian North Atlantic Expedition in 1876, but not 

verified by any later soundings. During the cruises of the Michael 

8ars in the summer of 1902, numerous soundings were taken along 

the edge of the Færoe Platform, between this place of the above- 

mentioned sounding and the Færoes, which seemed to prove that the 

sea-bottom formed the regular continental slope from this edge to- 

wards the deep basin; but having no soundings from the place spe- 

cified by MOHN as that of the sounding from 1876, we have thought 

it right to retain it, and indicate a doubtful banlc in this region, until 

new soundings can be talcen, which may perhaps sweep it away. Our 
uncertainty on this point has somewhat hampered our discussion of 
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the circulation of the sea in this region and in the Pæroe-Shetland 

Channel; for i t  is obvious that the existence or non-existence of such 

a bank, extending north-eastwards from the Færoe Platform, will 

greatly affect the course and direction of the sea-currents in a region 

which happens to be of particular importance froin the fact that 

various currents ineet there. It is therefore most desirable that new 

soundings should soon be talien in order to determine this point beyond 

question. 

The Chief Feutures of the Basin of the Norwe.gian Sea. 

Along the eastern side of the Atlantic Ocean, a series of depres- 

sions extends in a curved line northwards, following more or less the 

direction of the east coast of the African and European continents, 

and extending to the region round the North Pole, where i t  separates 

the Eurasian continent from the Greenland-American continental mass. 

The Norwegian Sea Basin is one of these depressions, having an inter- 

mediate position between the Northern Atlantic basins on the one 

side, and the deep North Polar Basin on the other, and being separated 

from both by submarine ridges. It is, however, to soine extent, a 

continuation of both the eastern and the western series of depressions 

in the Atlantic Ocean. These two series of depressions are separated 

by a ridge on which are situated the islands Tristan da Cunha, 

Ascension, St. Paul, the Azores, and we may als0 say Iceland, all of 

them more or less volcanic. I n  the same line we also have Jan Mayen, 

although i t  is hardly connected with Iceland by any submarine ridge. 

The western Atlantic depression divides, south of Greenland, into two 

branches, one running north-west between Greenland and Labrador, 

and the other north-east towards Denmark Strait. The depression 

between northern Iceland and Greenland is a continuation of the latter 

branch, but is separated from it  by the Iceland-Greenland Ridge. 

I n  the Norwegian Sea basiil there are severd deep hollows, 

separated by low ridges. The most extensive deep hollow is the so- 

called Norwegian. Deep [cf. MOHN 1887, p. 61 in the southern part 

between Norway, Iceland, and Jan Mayen. It has depths of more 

than 3 500 metres (the deepest sounding is 3667 metres). Owing to the 

scarcity of soundings, it is doubtful whether the ridge, or platform, which 
10 
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we have called the Helgeland IZidge (Fig. 8) (l), extending west-north- 

west from the Helgeland coast, in Norway, may not possibly continue 

as a low ridge in the direction of Ja11 Mayen, straight across this 

Norwegian Deep, dividing it into two smaller hollows. There is great 

need of inore soundings in this region in order to decide this question. 

The northern hollow of the Norwegian Deep, extending from the 

Lofoten Islands towards Jan Mayen, we will ca11 with MOHN [1887, 

p. 61 the Lofoten Deep. 
A low suboceanic ridge, called by MOHN [1887, p. 5, Pl. I] the 

Transverse Ridge, and rising perhaps i000 metres or more above the 

floor of the hollows north and south of it, probably extends from Jan 

Mayen to the Bear Island Platforni, or more correctly perhaps, to the 

inouth of the great submarine valley of the Barents Sea, the Bear 

Island Channel [cf. NANSEN, 1904, p. 301. We will ca11 this ridge 

Mohn's Transverse Ridge (Fig. 8). It separates the Norwegian Deep 

from the hollow to the north, which we will ca11 the Greenland Deep. 

This also descends t,o depths greater than 3500 metres. Near the 

centre of this hollow, a sounding of only 2 195 inetres was talcen by 

the Norwegian Expedition in 1878. We take it that this sounding 

marks a low ridge running out from the north-east, as shown in our 

chart, Pl. I; but this is naturally quite iincertain. 

West of ilorthern Spitsbergen, there is perhaps a small isolated 

hollow of 3400 iuetres (Belgica Expedition), which may be separated 

from the greater hollow to the south by a low ridge, a continuation 

of the ridge probably riinning westwards off the northern end of Prince 

Charles Foreland. The so-called Swedish Deep [cf. MOHN, 1887, pp. 6 
& 71, with depths of 4850 inetres, which according to the Swedish 

souildings of 1868 should have existed exactly in the region of this 

ridge, has altogether disappeared with the important soundings taken 

by the NATHORST Xxpedition in 1898 [HAMBBRG, 1906, pp. 40-421, 

and als0 by the Be1.yica Expedition under the Duke of ORLEANS. 

The sea north and north-west of Jan Mayen, which is probably 

between 2000 and 2500 metres deep, was called by MOHN the German 

Deep. Owing to the small nuinber of soundings, we really know very 

(1) The Plateau on this ridge was crtlled by Nansen [1904, p. 641 the Vorin,q 
Plateau. 
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little about the configuration of the sea-bottom in this region; but i t  

seems probable that  the deep basin appioaches nearer to the Greenland 

coast there than anywhere else north of Iceland. 

I n  the sea west and south-west of J a n  Mayen, the souildings 

are also far  too few to enable us to say inuch about the configuration 

of the sea-bottom. We have assu~ued, however, that a channel with 

depths greater than 2000 metres inay possibly extend south of Jan  

Mayen, from the German Deep to the Norwegian Deep. 

As the configuration of the sea-bottom, even a t  great depths, 

has a very great influence upon the directions of curreiits and the 

circulation of the sea, even near its surface i t  is much to be regretted 

that  a more detailed l~nowledge of the topography of the bottom of 

the Norwegian Sea has not been acquired, as such knowledge would 

have been most desirable in discussiilg the circulation of this sea. 

It wouid be reasonable to suppose that many features of this circula- 

tion which may now seem puzzling, would then have been easily 

explained. 

The topograpliical feature which has the most decisive influence 

npon the circiilation and the oceanographic conditions, as a whole, of 

the Norwegian Sea, is unquestionably the ridge betweeii Scotland and 

Greenland, via the Færoes and Iceland. The most important part of 

this again, is the Wyville Thonzson Ribye, over which by far the 

greater part of inflowing water has to pass. The mean depth of this 

ridge between the slope of the Scottish Continental Shelf and that  

of the F ~ r o e  Bank is about 470 and 500 inetres, its saddle-depth 

descending to  abont 576 metres, judging froin the Bnowii soandings 

[cf. NANSEN, 1904, p. 75, Pl. XXI,  Section H, Pl .  XXII ,  Sect. 451. 

North-east of this i-idge is the long and riarrow F~roe-Shetland 

Cha.ngzel, forming so to spealr, the entrance gate to the Norwegian 

Sea, as nearly all inflowing Atlantic water has to pass through it. 

I t s  nearly leve1 floor is a t  a depth of abont 1100 metres [cf. NANSEN, 

1904, p. 74, Pl.  XXI ,  Sect. H, Pl. XXII ,  Sect. 44, Pl .  XXIII] ,  and 

i t  has comparatively steep side slopes. It widens out to the north-east 

towards the Norwegian Sea, and from its mouth there seems to be a 

very gentle slope towards the floor of the Norwegian Deep. Towards 

the south i t  commilnicates with the Atlantic across the Wyville Thoinson 
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Ridge, and towards the west its innermost cirque commimicates with 

the Atlantic, west of the Pæroes, through a shallow channel, about 

300 metres deep, between the Færoe Bank and the Fwoe  Platform. 

The Faroe-Iceland Ridage forms a fairly leve1 plateau at depths 

of between 400 and 500 metres, with a saddle-depth of about 505 or 

512 metres near the Færoes, while some parts of i t  rise above the 

400 metres' contour(1) to 324, 386, and 330 metres below the sea-sur- 

face [NANSEN, 1904, pp. 83 & 84, Pl. XXII, Sect. 46, Pl. XXIV].(2) 

The Iceland-Greenland Ridge has a saddle-depth of perhaps about 

600 metres near Iceland, while the greater part of the ridge probably 

rises much higher, to within 400 and 300 metres of the sea-surface. 

Towards the Greenland side there seems to be a broad platform with 

even smaller depths, between 260 and 350 metres [NANSEN, 1904, p. 84, 

Pl. XXIV]; but the soundings are unfortunately far too few in this 

important region, through which nearly all water riinning out of the 

Norwegian Sea into the Atlantic, has to pass. 

North-east of the Iceland-Greenland Ridge there is a deep narrow 

channel, which we will ca11 the Iceland-Greenlad Channel. It is very 

similar to the Færoe-Shetland Channel, althoiigh perhaps somewhat 

wider and its floor perhaps at a somewhat deeper level, namely, about 

1400 and 1500 rnetres. Just as most of the inflowing Atlantic water 

has to run into the Norwegian Sea along the eastern side-slope of the 

Færoe-Shetland Channel, and over the continental shelf to the east 

of it, so most of the outflow of water has to run out along the western 

side slope of the Iceland-Greenland Channel and over the Greenland 

continental shelf to the west of it. 

The S23itsbergen Greenland Suboceanic Ridgc is little Bnown. Only 

some few soundings have been taken on i t  near the Spitsbergen side, 

showing depths of 560, 700, and 786 metres, and there are no soundings 

from its Greenland side. The probability is that its saddle-depth is 

(1) In Plate1 there is an error in the colour on this ridges. The two closed curves 
inside the 600 metres' contour, are 400 metres' contours, anrl the areas enclosed by 
them should have been of the lightest blue shade, marking them as being less thaii 
400 metres deep. 

(2) Since tliese Plates were drawn, several new soundiiigs have been taken by 
the Danish Ocettnographic Snrvey on this ridge. These soundings on the whole, coil- 
firm the concliisions drawn from the earlier soundings. 
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between 700 and 800 metres, judging from the physical conditions of 

the water-strata under the Polar current, east of northeril Greenland, 

as compared with those of the North Polar Basin. It seems also 

probable that the ridge rises much higher on the Greenland side, and 

the depths below sea-level may there be between 200 and 400 metres. 

The angles of the side-slopes of the Norwegian Sea Rasin vary 

much a t  different places. As a rule, the angle of the slope is a few 

degrees, but may in exceptional cases a n i u n t  to even 20 ". The angles 

seem to  be steepest off the Lofoten and Vesteraden Islands, off the west 

coast of Spitsbergen, and off the east coast of Greenland in about 73 O 

and 75 O N. Lat. Off the uorth-east coast of Iceland, the north coast 

of the Færoes, in the southern part of the Pæroe-Shetland Channel, 

and off Storeggen in Norway, theie are probably also fairly steep 

descents. At other places the side-slopes are very geiltle, e. g. off the 

mouths of the Norwegian Channel (off Stad in Norway), off the coast 

of Helgeland, off the mouth of the great subrnarine valley of the 

Barents Sea, off the north coast of Iceland, and the northern slope 

of the Færoe-Iceland Ridge. 

If we start from the Pæroe-Shetland Channel, and follow the 

side-slope round the whole of the Norwegian Sea Basin, we shall ineet 

with the following very prominent features, which may affect the 

course of the currents. After having passed a projecting elevation 

(probably a waste-fan) in front of the inouth of the Norwegian Channel, 

we come to what is piobably an ernbayment in the slope off the 

Romsdal coast: but there are no soiindings in this region, so that  we 

know very little about the embayment. Parther north we find a gieatly 

projecting elevation or plateau (the Helgeland Ridge with the Voring 

Plateau) extending north-westwards from the continental shelf off the 

Helgeland coast. This plateau or ridge probably has a tendency to 

give the current, rnnning along the continental slope, a westerly direc- 

tion. Having passed this plateau, we come into the Lofoten Deep 

along the very steep slope off Lofoten and Vesteraalen. From this 

coast the continental slope of the continental shelf extends more or 

less regularly northwards to Spitsbergen, having probably a low eleva- 

tion (or waste-fan) spreading out in a westerly direction in front of 

the mo.uth of the Bear Island Chanilel. This chaniiel and the banks 
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to the south form irregularities in the surface-relief of the continental 

shelf, which must naturally influence the surface-currents, turning off 

eastwards into the Barents Sea. Off the northern west coast of Spits- 

bergen the soundings als0 seem to indicate several irregularities and 

projecting ridges, which evidently have a great effect upon the course 

of the currents, even a t  the surface. 

Off the northern east coast of Greenland, the continental shelf 

seems to be very broacl, and its surface to be much cut-up and un- 

even, this evidently greatly impeding the Polar Current in its course 

southwards along the coast. South of 75 O N. Lat. the East Greenland 

continental shelf appears to be considerably narrower, a fact which natur- 

ally also has a good deal of influence upon the course of the current. 

On its farther course southwards, i t  is much iinpeded by the Iceland- 

Greenlaild Ridge and the extensive Iceland Subinarine Platforin and 

divides into two branches, vit. the Greenland Polar Current through 

Denmark Strait, and the East Iceland Arctic Current. On the eastern 

side of the Iceland Platform and just north of the F~roe-Icelarid Ridge, 

there is a projecting ridge with depths of between 600 and 1000 inetres, 

extending towards the north-east, which will probably have a checl<ing 

effect upon the East Iceland Arctic Current. 

To the north-east of the Færoes, our chart indicates another 

submarine elevation extending towards the north-east which would 

also have an  effect upon the currents; but, as already stated, the 

existence of this bank is very doubtful. 

Finally, we may also mention the volcanic cone of J an  Mayen, 

rising, with very st,eep slopes, in the middle of the Norwegian Sea 

Basin. It also has a great influence iipon the circulation of this sea. 
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V. General Description of the Water-Masses of the 
Norwegian Sea. 

A s we pointed out above, the intermediate position of the basiil 

of the Norwegian Sea, between the basiils of the North Atlantic 

and of the North Polar Sea, is of vital importance for its oceanogra- 

phic conditions. It forms the rneetiilg-place of the waters coming 

froin these two ocenns, of which the phgsical conditions are so very 

different. I n  addition i t  also receives the coastal waters of the en- 

closed coastal seas of northern Europe-especially the North Sea with 

the Slsagerals, the Kattegat, and the Baltic, and to some extent also 

those of the Barents Sea. The water-masses of the Norwegian Sea 

have, therefore, very different characters in the different, more or less 

sharply defined areas. But this is only in the upper water-stiata, 

between the surface and say 400 or 500 metres, as a rule. Below 

this level, the Norwegian Sea forms an inclosed basin, which has 

very little communication with the adjacent seas. The water filling 

this deep basin has typical pliysical characters of its own, and shows 

a reinarkable uniformity, thus forming a striking contrast to the 

heterogeneity of the overlying layers. 

The water-masses entering the Norwegian Sea from different 

sides, a t  various depths between the surface and 500 rnetres, and thus 

being of very different origin, lseep their physical characters for a long 

time and may be traced a t  a great distance from the place of their 

entrance. Where they meet, they will intermix more or less, and form 
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waters with peculiar characters, which may be still more changed by 

the influence of various meteorological conditions. 

Iii the Norwegian Sea there are consequently some waters whose 

characters originate from other parts of the Ocean (the Atlantic, the 

Polai" Sea, the North Sea and the Baltic, and the Barents Sea), while 

other waters have aquired their typical characters in the Norwegian 

Sea itself. As examples of the latter, we may mention the waters of 

the central parts of the southern Norwegian Sea and of the northern 

Norwegian Sea (or the Greenland Sea) a,nd also the Bottom-Water. 

The Different Waters. 

W e  thinlc i t  will be as well to  distinguish betweeii the above- 

mentioned different kinds of waters, even if their liinits are not in 

reality quite sharply defined; and we will therefore here briefly review 

the different groups of water-masses in qnestion, and explain the ter- 

minolog~ used in the following pages. 

Atlantic Water enters the Norwegian Sea from the south, and 

has high salinities. With Prof. PETTERSSON, we generally consider as 

Atlantic water all waters having a salinity above 35.0 per mille, where- 

ever they may be found and whatsoever may be their temperature. 

Coast- Water has salinities below 35.0 per mille, through admixture 

of river-water with the Atlantic water. I n  many cases we shall use 

the name coast-water, even where the salinity is only a little less than 

35.0 per inille, and where consequently only very little river-water has 

been intermixed with the Atlantic water. 

W e  may chiefly distinguish between two lcinds of coast-water 

in the Norwegian Sea: 

(1) The European Coast Water, forming a belt along the Nor- 

wegian coast. This is mainly forined by the rainfall and the inelting 

of snow and ice from alinost the whole of Northern and Central 

Enrope, as far south as the Alps. This fresh water is discharged 

through the rivers into the North Sea and the Baltic, and the coast- 

water along the coast of Norway is a continuation of the currents 

comiilg from these seas. The variations in the temperature of this 

Europeai~ coast-water throughout the year are very considerable. 
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Under 34 349- 35 0%. 350-35 2%. Ouer352Xo 

Fig. 9. Average Distrihution of Salinity at  60 Metres, according to al1 ohservatious 
talcen during 1900-1904. 

(2) Secondly the Asiatic-American Coast Water, generally called the 

Polar. Water, covering the western part of the Norwegian Sea. It consists 

of river-water from north-eastern Europe, Asia to the north of the Altai, 

Yablonoi and Stanovoi Mountains, and from the north coast of North 

America, niixed with the waters (Atlantic and Coast-Waters) of com- 

paratively high salinities running into the North Polar Basin from 

the Norwegian Sea and the Barents Sea. This coastal water forms 

the Polar Curreiit tliat eiiters the Norwegian Sea between Spitsbergen 

and Greenland. 
11 
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The Central 7Vuter-Musses occur in two areas, where they 

are formed. One of these areas is the central region of the 

Soutlzern Norwegian Sea, between Tceland, J an  Mayen, and Norway, 

where these watei--inasses are bounded on the east and north by 

Atlantic water, and on the west by the East Iceland Arctic Curreiit. 

The other area is the similarly central region of the Norfhenz 

Norwegian Sea-between Jan  Mayen, Greenland, and Spitsbergen- 

where i t  is surrounded by Atlantic water on the south and east and 

by Polar water on the west and north. These central waters are 

formed in both areas by the inter-mixture of Atlantic Water with Polar 

Water;  they are cornparatively stationary and are greatly influenced 

by the meteorological conditions prevailing in the areas in which they 

occur. The area of the northern central waters is the saine as the 

so-called Bay-Ice Area. The salinities are below 35.00 pr. mille; being 

much the saine as those found in great parts of the coast waters. 

By the name of Arctic Water we ca11 a special kind of Central 

Water which is formed by cooling in the Arctic parts of the Nor- 

wegian Sea (see later). 

The Bottom-Water fills all the deeper parts of the Norwegian 

Sea Basin, and approaches the sea-surface in the region north of Jail 

Mayen, or between this island and Spitsbergen, where i t  is formed 

and acquires its peculiar characters, namely, its constant salinity of a 

little above 34.90 per mille, and its low temperatilre, this being belo~v 

- 1 ° C .  

The distribution of these various waters is the result of the 

currents, and thanks to our present Bnowledge of this distribution, 

we are now fairly well acquainted with the entire current-systein 

of the Norwegian Sea. 

At the beginning of onr investigations we expected to be able 

to trace distinctly certain more or less regular variations, annual and 

seasonal, in this system, and we even hoped to discover the laws that 

regulated these variations; but although we have succeeded to some 

extent in our aims, we have on the whole been disappointed. This 

is due to the oceanographic conditions theinselves, the local varia- 

tions and the irregularities of the currents predominating so greatly, 

that they more or less hide the periodicd variations. This is shown 
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by our series of observations from 1900 to 1904. Owing to unavoid- 

able circumstances, our observation-material could not be inade so 

coinplete as we coiild have desired for a detailed study of these 

variations. 

2. Regularity in the Vertical Distributioii of Densitg i11 the Sea. 

As Nansen has already pointed out in his preliminary report 
l [1901, pp. 141 and 1491, our investigations during the first cruise, in 

1900, gave us a perfectly new idea of the distribution of salinity 
l and density in  the Norwegian Sea, as well as in the Ocean iri general. 

The regularity with which, for instaiice, the density gradually in- 

cieases vertically, froin the surface of the sea towards its deeper strata, 

where it becomes almost uniform, is strilring. This is clearly demon- 

strated by vertical curves of density, drawn for any of our stations. 

At  a few stations, exceptions, with slight irregularities, appeared to 

occur, where heavier water appnrently rested on lighter water; but 

our investigations of later years prove, on the whole, that  the more 

accarately the observations are made, the fewer are the exceptions 

met witli of this kinCL. Our inany thousands of observations from the 

Norwegian Sea all go to prove that the changes in the vertical dis- 

tribution of density in the operi Ocean are generally gradual, and 

therefore that  the sudden and often puzzling irregularities, great 

I and small, which occur iii nearly all vertical series of observa- 

tions of previous expeditions, must be chiefly due to errors of ob- 

servation. 

I Numerous and strilciilg irregularities of this kind also occur in 

the determinations of the densities of the Norwegiaii Sea, based upon 
i 

I the observations of the Norwegian North Atlantic Expedition in 1876 
I 

l -1878. Owing to errors inade by the chemists of this expedition, 
l 
i MOHN found that  the heavier water rested on the top of lighter 
I water in inany places, and a t  all depths; and he consequently con- 

striicted a whole system of vertical currents fornied by rising lighter 

water and sinkirig heavier water. Our observations, in 1900 and sub- 

sequent years, prove that none of these ciirrents exist, and the whole 

system has therefore to be relinquished as i t  v a s  based exclusively 
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Fig. 10. Rection from the Shetland Platform along the Greenwich Meridian to 78 O 
N. Lat., representing the Vertical Distribiition of Delisiby according to MOI-IN 

[1887, Pl. XLI]. 

Fig. 11. The Saine Section according to Recent Observations. 

on erroneous observations. The alteration of our views in this respect, 

necessitated by the facts as revealed by our more accurate observa- 

tions, may be seen by a coinparison of Figures 10 and 11. 

Fig. 10 is a reproduction of MOHN'S meridional section XXVIII, 

showing the vertical distribution of density in the Norwegian Sea 

along the Meridian of Greenwich from the Shetland Platform north- 

wards to Latitude 78" N. [MOHN, 1887, Pl.  XLI]. Fig. I l  is a 

similar section of the Norwegian Sea, along the same meridian, based 

upon our observations. 

The difference in the distribution of the densities in these two 

sections is striking; hardly a single feature can be found which is 

common to both sections, and even the densities themselves are every- 

where different. MOHN, indeed, would have been much better off if 

he had had no observations of the salinities (or specific gravities), 

and had only based the construction of his isopyknals on the observa- 
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tions of temperature, assuming a uniform salinity throughout the 

vhole sea-basin. 

MOHN'S densities (bt) vary, even in the deeper strata, between 

28.40 and 27.95, while no such variation can possibly exist anywhere 

in the Ocean in deeper strata. Our section, Fig. 11, shows that  the 

greatest variation below a depth of say 1000 metres is between 28'08 

and 28.12. I n  MOHN'S section we find densities of 28.40 even near 

the sea-surface over the Shetland Bank. Such a high density is not 

known to exist anywhere in the open Ocean, not even in its deepest 

and heaviest strata(1). If MOHN'S densities of the waters over the 

slope of the Shetland Bank had been even approxiinately correct an 

enormous fall of water must needs have been forined by the rapid sink- 

ing of the heavy waters towards the deep hollow of the Norwegian 

Sea Basin(2). But in redity nothing of the kind exists; on the con- 

trary, the waters over the slopes of the Shetland Bank are lighter 

than those of the upper strata farther north, and Fig. 11 shows clearly 

that  the density of the iipper strata of the Norwegian Sea increases 

with comparative regularity northwards. Instead of MOHN'S isopy- 

knals that  run in all possible directions, very often almost vertically 

from the strata near the sea-surface towards the bottoin, the isopy- 

knals of Fig. 11 (drawn for the salne intervals of the value of at, viz. 0.1) 

nearly all of them lie above the 600 metres' leve1 and run more or 

less horizontally, gradually rising, on the whole, towards the north. 

Our isopyknals also demonstrate everywhere the gradual increase of 

the density from the sea-surface towards the deep strata of the bottom- 

water where it is nearly uniform. 

The only cases in which we know with certainty that heavier 

water may rest for a short while on the top of lighter water, are 

when the surface-water of the sea is cooled by the radiation of heat, 

(1) The only region where sea-water with densities approaching this valiie 
has been observed, is the Harents Sea, where an exceptionally heavy bottom-water 
(6t = 28'33) has been observed; but this high density is produced by the formation 
of ice under peculiar local circumstances (cf. NANSEN, 1906, p. 40, and pp. 50-34) 
which cannot occnr to the same extent iii tlie open Ocean. 

(2) We have not been able to find out how MOHN has obtained his abnor- 
mally high densities near the surface in this region of the ses, as they do not a t  all 
agree with the distribution of temperature niid salinity as demoostrated by his 
own sections, Pls. XIV and XXXVIII. 
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especially during winter and spring, and vertical convection cilrrents 

are formed; and when the salinity of the surface-strata is greatly in- 

creased by the formation of ice; but even in these cases the differences 

of density between the overlying and underlying strata, are always 

very slight, the convection currents, o r  vertical circulation, being 

evidently started as soon as the condition of unstable equilibriuin has 

been reached. 

I n  the deepest strata of the cold bottoin-water, the differences of 

density (see Chap. XI), are so sinall, that  even the best methods now 

existing, do not demonstrate them with sufficient certainty. A sii:all 

increase of density in the upper parts of these strata would give rise 

t o  vertical currents throughout the whole under-lying body of water. 

This is probably sometiines the case in the areas north of J an  Mayen, 

where the bottom-water is formed; bilt the differences of density (and 

salinity) have been found, since 1900, to be so slight that  this bottoni- 

water may be used almost as a standard water for controlling the 

accuracy of the observations of previous expeditions in the Norwegian 

Sea. I f ,  for instance, we assume that  the observations of salinity 

made during an expedition have been erroneous, the errors may be 

discovered wherever the investigations have reached down into the 

bottoin-water. When the observations of previous expeditions are 

tested in this manner, i t  unfortunately becomes evident that  in most 

cases the errors are very irregular, and the observations are con- 

sequently of little value [cf. NANSEN, 19061. 
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VI. Apparent Irregularities in the Horizontal Distribution 
of Ternperature, Salinity, and Density. 

1. Puzzliiig "Waves9' of the Equilines in Vertical Sections. 

e have already pointed out that  there are often great 

variationa or irregularities in the horizontal distribution of 

the temperature, salinity, and density in the upper strata of the 

sea-at any rate down to 600 inetres, and probably much deeper 

-1vhich make i t  much more difficult than has hitherto generally 

been believed, to obtain trnstworthy representations of the volumes of 

the different kinds of water; they certainly cannot be attained by ob- 

servations a t  a sinall number of isolated stations, chosen more or less 

a t  random. Such irregularities, great or  small, are seen in most Ter- 

tical sections where the stations are sufficiently numerous and not too 

far apart. The equilines (isotherms, isohalines, as well as isopyl~nals) 

of the sections hardly ever have cluite regular courses, but form bends 

or  undalations, like Tvaves, sometiines great, sometimes small. 

When, in 1901, Helland-Hansen first found a great wave of this 

kind in the sections across the Norwegian Atlantic Current, he thought 

that i t  indicated some kind of permanent division of the current 

longitudinally, into two branches. But by continued research with 

more stations, eveil several "waves" were sometimes found in the same 

sections, and i t  soon became evident that  they could not indicate any 

such division as be had a t  first thought, but inust have some other 

hitherto uillinown causes. 111 soine cases the steep inclinations of 
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the isopyknals even proved that  a considerable ainount of energy 

would be reqiiired to produce the "waves". 

Good examples of such "waves" may be seen in the section off 

Aalesund in February, 1901 (Pl. XV, Fig. l), the section off Feje in 

May, 1901 (Pl. XVZ, Fig, l), the section off Feje in May, 1902 

(Pl. XVII,  Fig. 1, Stat. 5), the section between the Sognefjord and 

Iceland in August, 1903 (Pl. XXII ,  Fig. 1, Stat. N 5), and the sec- 

tions off the Sognefjord and off Stad in May and June, 1904 (Pl. 

XXIV A, Figs. 1 & 2). 

The shapes of the isopyl<nals of the sections prove that  these 

" waves " cannot represent permanent or stable conditions, unless 

they are fornied by some permanent force. It is more likely that,  in 

most cases, they are more or less temporary formations, due to some 

kind of movement of the intermediate water-inasses which we do not 

yet lciiow(1). 

It is a striking fact, and apparently not merely nil accidental 

one, that  by far  the greatest "waves" of this kind in our sections, 

occurred in 1901, when the atmosphere was unusually stormy; and i t  

appears probable that the "waves" in that  year might have been due 

to stirring of the water-inasses, caused by disturbances in the atmo- 

sphere. 

2. Possible Causes of the "Waves". 

The knowledge of the exact nature and causes of these "waves" 

and their movements would, in our opinion, be of signal importance 

to Oceanography, and as far as we can see, i t  is one of its greatest 

problems that  most urgently calls for a solntion. 

The material a t  hand is certainly not sufficient for a thorough 

study o£ these "waves"; but we inay give some indications how such 

"irregularities" may possibly arise. 

(1) Professor F. L. EICIIAN has given a figiire [1876, p. 96, Fig. 61 represent- 
ing a section of a cnrrent, i11 which there is an upward bend on the tinder side, 
wliich apparently resembles our "waves". Bnt this is cnused by the conveetion crir- 
rents arising in a curreiit of homogeneoas water by cooling from contact with colder 
vater a t  the sides, and has therefore no real reseml>lniice to otii. "waves". 
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By a careful study of all the observatioils a t  onr disposal, we 

have come to the conclusion that apparent irregiilarities in the sec- 

tions, of the lcinci mentioned, niay be caused in a t  least three ways: 

by bounclaory wazies in the water-strata a t  intermediate depths-by 

sudden variatiotzs i n  tlze velocity oor direetion o f  the suyface-currents- 
and by great vortex-mo~~erne+zts in the sea. 

a. Waves i n  the Internzedinte Wuter-Xtrata. 

I n  April and June, 1894, during the Frarn-Expeditioa across the 

North Polar Basin, Nansen observed peculiar oscillations in the tein- 

perature of the water a t  depths of about 200 and 300 metres, near the 

boundai-y between the intermediate wartn stratum azid the overlying 

colder stratnrn. He thought [1902, pp. 346-3511 that  these changes 

of temperature, occurring a t  short intervals of time, a t  the same 

depths, were probably due to vertical movemenbs of the water of 

some E n d ;  either small vortices with horizontal axes, which are gene- 

rally formed by friction where one water-stratum glides on the top of 

another-or interinediate waves, occurring a t  tlie boundary betweeil 

water-strata with different densities. By such waves, the upper boun- 

dary of the underlying heavier (and in the above case warmer) water 

would be alternately raised and lowered, a t  certaiii intervals; and the 

depth a t  which the boundary is found, a t  a certain moment, will 

depend on the time of the observation, whetlier one just happens to 

be near the crest or the trough of the wave. The heights of the 

waves in the above cases may have been 30 or 40 metres. 

Our later observations nialre it appear, in oiir opinion, very 

probable that the latter explanation is correct, and show that such 

"boundai-y waves" may occur, and cause apparent irregularities, where 

the water-strata overlying each other are fairly sharply defined. 
On April 16tb, 1894, a temperatrire of 0'61 C. was observed a t  260 metres 

(Fig. 12). A similar high temperatiire was otherwise never observed a t  that or any 

other depth, in that region of the sea. It hes probably beeu the temperature of a 

warm water-stratum, which on the otlier days (April, 21 and 23) might have been 
either higher or lower, and was never struclc, being a t  levels betweeri those of the 

observations. On April 23rd, three observations were teken from 260 metres a t  

different times of the day. Oiily one of them, giring 0'35 C., approached that of April 

16th (giviiig O 61 O C.), ivhile tlie two other observations gave lower valties (0'15 and 
12 



90 1-IISLLANJ)-HANSEN AND NANSEN [RICP. Nonnr. SISEI. 11 

O 09 O C.); and on April 21st, a still lower tempo 

rature (0.07 O C.) was obserred a t  the same (leptli. 

Tlie distance between the observation-stations cnn- 

not explain these variations in temperature, as there 

vas  hardly a mile between April 21st and 23rd; 

but betweeii April 15th and the two other days 

there were some twenty miles. 

It is not probable that a vertical vortex- 

movement (i. e. ~vi th horizontal axis) could on April 

15th, have raised the warm water-stratum with the 

maximum temperature (0'51 O C.) to 250 metres, 

from about 280 or 290 metres, where it  probably 

was on April 21st and 23rd, when the temporatures 

of 0.07, 0.09, aiid 0'15 C. were observed at  250 

metres; for i£ the water-strata were frequently 

stirred by so great veitical movements of this kind 

near their l~orizontal boiindaries, they would soon 

be intermixed, aud v e  could not expect to find 

them so sharply defined horizontally, especially in  

the region north of the New Siberian Islands, 

Fig. 12. Vertical Tempersture- where no new intermediate curreiits enter the Noitli 

Curves for April 16, 21 $ 23, Polar Hasin. 
1894. North Polar Basin. I t  is al30 improbable that the different 

[NANSICX, 1902, p. 3493. temperatures observed a t  the same depth belonged 

only to small volnmes of Fater, some warmer and 

some colder, situated side by side; for they would probably long before have been 

iiitermixed to form a more homogeneous horizontal water stratuin, 

The most feasible explanation, according to our view, is there- 

fore, that  the above chauges of temperature, observed a t  the same 

depths, are due to oscillatory movements of the horizontal water-strata, 

a t  intermediate depths; and owing to their differeilce of density, 

these strata rest one on the top of another for a very long time, 

with more or less sharply defined boundaries horizoiltally. Their inter- 

mixture talres place only very slowly, and the greater the differeilce 

between their densities, the slower will they intermix(1). 

(1) If horiz;ontd vortex-movements (with vertical axes), like tliose we are 
going to mention later, occnr in the intermediate strata, they may cause consider- 
able changes in the lerel of the boiindaries between the several strata; bnt we do 
not think that the above apparent oscillations can be thiis explained. They coiild 
not tlien be expected to Ile of sucli a short doration as only some hoiirs, for the 
vortices can liardly change place so rapidly. 
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These interruediate water-strata 

are always in undulatory motion, owing 

to variations in the surface current 

(e .  g. the tidal variations, cf. p. 113) 

or owing to boundary waves. These 

waves move comnparatively slowly, and 

may: be of very great dimensions; for 

they advance in a mediuin with only 

slightly lower density. We have seen 

that, in the above cases, the heights 

of the oscillations may have been 30 

or 40 metres; but the bounclary waves 

are probably sometimes inuch liigher, 

especially if moving in strata a t  great 

depths below the sea surface. 
The vertical temperature curves for June 

25th, 2Gth, and 27th, 1894 (Fig. 13), also 

exliibit certain interesting peculiarities [cf. 

NANSEN, 1902, p. 3491. The ship hardly moved 

four miles in  those three days. The ctirve for 

June 26th shows two maxima of about 0'6 O C., 
one a t  about 250 metres, and aiiother a t  300 Fig.Zl3. Vertical Teinperattire Ciirves 

and 326 metres. It is possible that  tliese for June 25, 26 81 27, 1894. 

maximum temperatures belonged to the same North Polar Basili [NANSEN, 

warm mater stratum, which had been lifted 
1902, p. 349j. 

to 260 metres wlien the observation from that  

depth was taken, while a t  other times it was lower. The fact is  tha t  the txvo obser- 

vatioiis from 300 and 325 inetres were talren ilt the afteruoon and evening, while the 
observation from 250 metres \vas talren earljer in the day. The observations talreri from 

290, 300, 310 aiid 326 metres iii the afternooil and evening of the following day 

(June 26th. between G p. m. and 7.30 1). m.) give maximum temperatures almost 

identical with those a t  300 and 326 metres as well as a t  250 metres of the previoils 

day ;  while the observations talreii a t  similar depths i n  the morning of the same day 

and the day following (June 26th, 10 a. m. a t  HO0 metres; 9'30 a. m. a t  326 inetres; 

June 27th, 11 a. m. a t  326 metres) give nearly uniform, lom temperatures. The warmest 

water-stratum may then have been lifted to a higher level, ancl the low temperatures 

may heve been t,aken iii the colder water below this stratum. We might consequently 

expect that  a t  250 metres the ohservations woiild give higher temperatures iri the 

morning than in  the  afteriioon. This was also the fact. The lowest temperature a t  tha t  

depth was observed on Jane 26t7h. 5 p. m. mliile the highest was found on Jiine 25th, 

in the  rilorning. The temperature obscrved on June 27th, 10.10 a. m., mas between 
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the two valiies, but the obserration iiiny possible not have striick the warmest stratum. 

Foiir observatioi~s takeri at 276 metres give comparatirely lon. temperatnres, the lowest 

being taken on June 26th, 5.30 p. m., when the warm water stratum Tvas probably 

lower, whilst the others were possibly taken wheii this stratum \vas lifted higher(1). 

The obserrations of the specific gravity of the water-strata were iinfortunately 

not sufficiently accurate, nor sufficiently iiumeroiis, to give trustworthy inforination 

with regard to the salinity of these different water-strata. 

There is a possibility that such vertical inovements of the inter- 

mediate water-strata, underlying the lighter top-layer, might be caused 

by boundary waves which have some connection with the tidal waves 

of the North Polar Basin. We have als0 concidered the possibility 

of stationary waves of some kind; but we cannot see that such great 

oscillations can be thus accounted for according to our present, rather 

imperfect lcnowledge of the different kinds of stationary waves. 

Boundary waves give the easiest explanation, if we assume that there 

is a regular (repeated) iinpulse creating the waves, whether this iinpulse 

be the Atlantic tida1 waves (e. g. entering the basin over a ridge) or 

pulsations of the cnrreiit (see later). But the observations are too few 

for a study of these oscillations, and for a determination of their 

period. 

During our cruise in 1900 we had our attentions directed towards 

this problem; but we found no place with conditions favorable for a 

study of it, where sharply-defined water-strata with sufficieiit difference 

of density were resting one on the top of another; a rd  we therefore 

observed no such oscillations with long periods. We found, however, 

another kiild of oscillations with very short periods, which may also be 

of importance. 

At Stat. 16, Aug. 5, 1900, north of Iceland, this kind of oscillation occnrred, and 

the followiiig observations were taken : 

(1) It is, however, a striking fact that all the observations of temperatiire 
taken between 260 and 300 metres, oil June 27th, are lower than the maximum 
temperatures observed at  those depths on June 25tli, and 26th. This might be due 
to the fact that the ship had drifted some?rhat to\~~ards the south, but i t  may also 
be that on the morning of June 27th, the stratum with maximiim temperatiire was 
not striick by the observation, it  may, for instance, have been between 225 and 260 
inetres. The series of that day, however, may indicate that there have actually been 
two maxima. 
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Obseruutiorzs ut Stat. 15, Aug. 5, 190t 

Depth 
in  t C. 

Metres 

26 

100 

150 .47 

200 '39 

20 6'26 

'20 

G6 45' N. Lut.; 15 36' W. L0n.g. 

Dept11 
in  t ° C .  

Metres 

The temperatnre fell very rapidly hetween 20 and 26 metres while a t  the same time 

the salinity rose, the  mater-strata being evidently very sharply defined a t  tha t  level. 

But the numeroos observations taken a t  20 metres show that there must have been 

miicli vertical movement of the water a t  this depth, for a t  one time, e. g. a t  1.16 

P. m., we would find water with a temperature of 4'81 C. (even 4.64' C. a t  1.18 

p. m.) and a density of 27'04, while a t  other times there was water with a teinpe- 

rature of 6'26' C. and 6'62' C., and s density of 26'68. The great difference i n  

density shows that  there cannot o*+ 3 4 5 y 7 s ro0c. 

have been a heterogeneous mixtnre 

of different waters lying side by 20.. 
sicle; but  there must have been ,, 

u $0.. a vertical oscillatory movement, k 
of some kind, which a t  certain 2 60 
intervals ha8 raised and lowered 

-' 

the water a t  20 metres. Fig. 14 (a) 880..~ 
gives an  idea as to what the ver- i/ 

900, I i tical distribution of temperature 
Fig. 14. Vertical Temperature-Curves a t  Stat. 16 (a) 

may havebeen a t  different moments and Stat. 9 (b), 1900. 
> ,  

of these oscillations. A t  one 

moment when the  highest temperature (6'62 O C.) mas ohserved a t  20 metres, the  vertical 

curve of temperatuie may approximately have had the shape of the  lower cnrve for 

Stat. 16 (Fig. 14 a'), while i t  may have had the  shape of the uppermost curve 

(Fig. 14 a"), wlien the lowest temperature (4'81 C.) was observed a t  20 metres. IP 

this assumption be correct the oscillatory movement may possibly have raised and 

lowered the  mater with a temperature of 4.8' C., to t,he extent of about 10 or 

16 metres, or even more. 

The changes in  the  mater-temperature a t  20 metres often occurred a t  very 

short intervals. For instance in the  space of five minutes, froni 1.10 to 1.15 p. m., 

the  temperature had changed from 6'20 C .  to 4'81 ' C .  Other observations show 
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less differeiice - e .  g. between 1.21 aiid 1.36 p. m.  oiily from 5'26 C. to 5,0Z0 C. 
Tlie explanation mny be that the period of the wave was only a fem minutes aiid 

n7e were iieither near the crest nor the trough of the wave when the latter observa- 

tioris were taken; biit the oscillations may also have been irregular, great and small, 

witli various intervals. 

Helland-Hansen has recently fouiid similar chaiiges with very 

short periods iii the currents, by current-ineasurements in the fjords 

near Bergen (cf. Chapt. VIII).  
Some observations at other stations of the cruise of 1900, show 

siinilar changes in the teinperature of the water at depths between 

30 and 100 metres (e. g. see Table: Stat. 7, 30 and 40 inetres; Stat. 

5, 30, 50 and 100 metres; Stat. 46, 50 metres). Observatioiis talcen 

at hours differing froin those of the other observations of a vertical 

series often show conspicuous irregularities, when introduced into the 

series along with others. 

Stat. 9, of July 25th, 1900, may be nientioned as an example. Most observa- 

tioris, between O aiid 100 metres at  this station, were talren between 11 p. m. aiid 

midnight on July 25th. They give a very regular verticnl cnrve of temperature 

(Fig. 14 b); but, this regularity is broken i f  we introduce into the curve two temperature- 

obser~~atioiis talren at  50 and 60 metres, three hours later (at 3 and 3.15 a. m., July 

26th). It is probable that the water-stratum foiind at  60 metres at  3.16 a. m., (Fig. 

14 b') had been at  about 80 metres at  niidnight (Fig. 14 b); tliis is indicated by both 

tlie temperatiire and the salinity. The two observations at  60 metres gave different 

deiisities, 27'73 and 27.90, whicli wonld easily be explained by oscillatjons of the 

lrind mentioned(1). 

During the cruise i11 Julie and July, 1962, between western Norway and the 

Færoes, along the coiitiiiental slope of the North Sea Platform and the Færoe Plat- 

form, colisiderable variatioiis, in temperature and snliiiity, were often ol~served in the 

bottoin-\?.itters a t  short distailces and at  the same depths, which might indicate vertical 

oscillations of the bottom-strata; but they may also have been due to local differences. 

(1) In regions ~vhere waters of different origin meet, a heterogeneous mixture 
of waters, with different temperatiires and salinities, but with nearly uniform densi- 
ties, may occur. Small volumes of these different waters may exist foi some time 
side by side at  the same level, as they are in equilibrium, and mill intermix only 
very slowly by diffrision, to form a more homogeneous mixture. 

Stat. 29, of Auy. 9t3h, 1900, is a good example of such a plaee. Five observa- 
tions were taken from 100 metres giving very different temperatures and salinities, 
but nearly uniform deiisities. Two observations were taken from 150 metres showing 
similar conditions (see Table). The variations observed at  the same depth in these 
eases cannot therefore be due to vertical oscillatory movements of the water strata, 
but simply to the horizontal motion, either of the ship, or the water. When there 
is 3 vertical oscillatory motion, we must expect to find variations in the density. 
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OiiIy on oiie or two occnsions were the  bottotn-obserratioiis repeated on ewactly Ille 

saiiie spot, bnt eveii thcn ehnnges were obserred. 

On June 29th, 1902, a statioli (Stat. 38, see Pl. XIX, Fig. 1) was takeil o11 tlie 

contiiiental slope iii 62O 20' N. Lat., 1 66' E. Lang, just a t  the mouth of t he  Nor- 

wegian Submarine Channel. Near the  bottom, i n  about 603 metres, Helland-Hansen 

foiiiid, a t  abont 4 p. m., a temperature of between 2 and 3O C.(1) He conseyuently 

told the  zoologists tha t  they would there find a bottom faiiiia belongiiig to  the  warm 

area, biit to  their astonislimeilt the  animals brought iip by  the  dredge all  belouged 

to  tlie cold area. A new bottom-observation was iiow (at  10 p. m.) takeii, giving a 

temperatiire of - 0.07O C. a t  560 metres, which wns in good liarmony willi this fact, 

biit coiitrasted markedly with tlie observatioiis ~:tlren 6 liours earlier, alniost oil t he  

same spot. The ship had in tlie menn time only moved so much as the  dredging reqiiired, 

anil t he  deptli was somewhat incrensed from 503 to  560 metres. But this was iiot 

wfficient to  explain the  great chaiige in the  teinperature. We consider i t  probable 

tha t ,  when the  latter observation wns taken, t he  cold bottom layer Iiacl beeii consi- 

derably reiseil, perhaps by a boilildary wave, or by variations in the  surface current 

(cf. p. 113). 

The following examples of remarlrable changes a t  t he  same levels, a t  the same 

place, or a t  places with very short clistance between them, may be given. 

Station $ Date. 
1902. 

- . -- 

Stat. 56 
Jiily 19. 

1.atitude R: 
Longitude. 

-. 

62' 3 3 '  N. 
2O 3 ' E .  

Depth 
in Metres. 

~ 

200 
300 
300 
400 

450 

Stat. 38 
June  29. 

Stat. 61 
Ju ly  16. 

Stat. 6G 
J a l y  27. 

Stat .  67 
July  27. 

(1) The mercury thread of the  Naii'seti Deep-Sea Tliermometer of the  insulated 
water-bottle liad been divided and the  temperature coiild iiot be arciiiately determ- 
iued. Therefore, i t  mas iinfortiinately not iiitrodiiced in tlie joiiiiinl, :is it. \vas intriided 
to repeat t he  ohservntion Inter. 



Y6 HELLANI>-HANSEN AND NANSEN [REI>. NORW. FISH. II 

The depths were at  Stat. 56 456 -460 inrtres, a t  Stat. 38 503-548 mettres, at 

Stats. 66--67 613-630 metres. Tlie two latter stations were on the continental slope, 

off the north-east corner of the Fzeroes. The observatioiis indicate great variations in 

a 
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the levels of the strata, which can hardly be 

explained only as due to local differeiices. 

It is t o  be expected that  such 

vertical oscillations always occur 

along the continental slope. These 

frequent changes between cold and 

warm waters must have a distinct 

influence upon the characteristics of 

the bottom-fauna a t  these boulldary 

levels. 

I f  olm concli'slons be correct, 

namely, that  oscillatory movenzents 

or "boundarys waues" zuith loqq 

pe~iods, like those observed in the 

North Polar Basin, occur in the 

sea,, it seemed to us possible that  

some indications of such waves might 

be found in the vertical sections across 

the Norwegian Sea, provided that  

the stations were taken a t  suffici- 

ently short intervals. Bilt unfor- 

tunately in  none of our sections are 

the stations sufficiently numerous 

for this purpose. 

One of the best is perhaps a part 

of the-section betwcen Jan Mayen and Vester- 

aalen, Aiigust, 1900 (cf. Pl. 111 & XIV A, 

Fig. 2). In Fig. 15, we hare drawn the 

probable curves for the variations in  the 

deiisity at  50 metres (c) anil a t  100 metres 

(b )  in a part of this section, betweeii Stat. 29 

atid Stat. 43.(1) The observatioiis are 

(1) The stations are marked at  their proper places along the foot of the figiire. 

The hours are giveii aloug the top by figliras from 1 to 24, iecltoned hy the civil day 

from midiiight to n2itliiight. 
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not sufficiently numerous to give trustworthy curves; but we thiiik tliat they may 

iiidicate a period of very nearly 6 hours and a quarter (lielf the period of the tidal 

wave) both a t  50 aiid 100 metres. During August 11th the observations (marked by 

a smdl  ring on the curves) are so niimerous that it looks as i€ the curves could 

hardly be drawil otherwise. The horirs of the upper culminatioiis of the moon are 

indicated by rings and th8t of the lower culrninatioiis by blaclr discs. Every 

secoiid minimiim of the cnrves appears to occur just e little before eacli ciilminatioii 

of the moon. 

During the cruise of the Michael Sam in May & June, 1904, 

many stations were taken a t  sufficiently short intervals of time to 

allow the observations to demonstrate oscillations with long periods 

should they exist. 
Stat. 67 68 69 7 0  37 38 39 9 0  

Fig. 16. Part of section seawards from Stad, .Tune, 1904 (cf. Pl. XXIVA, Fig. 2). 

Fig. 16 represents the undulations of the isopyknal of 27'60 and the isotherm 

of 6' C. in  the section seawards from Stad, from June 9th & IOth, 1904. The depth 

(betweeii O and 400 metres) is given along the ordinate, and the hour, along the 

abcissa. The observations appear to indicate a periodical oscillation, the period being 
23 V 22 V 21.V.1904 

Stat 6 61 " 5 62A 4 * C  3 2C 2 1 

Fig. 17. Part of Rection seawards from Sogiiefjord, May, 1904 (cf. Pl. XXIVA, Fig. 1). 
The dates and hours riin from right to left. 

13 
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aboiit 10 hours. &ut unfortnnately, a t  least oiie of these apparent "periodical oseilla- 

tions" in the sectioii, between noon aiid midnight on Jiine lOth, is probably due to 

a horizoutal vortex-movemeiit of the waters, as will be mentioned later (cf. Fig. 37), 

and has consecluently not heen an oscillatioii of the kiiid we are discussiiig at present. 

This is a warniug against beiiig too hasty in dran~ing conclusioi~s from a small nnmber 

of observations. 

The isopyknals of 27'60 and 27'70 in the section seawards from the Sogiiefjord 

(Fig. 17) exhibit, however, indications of a similar periodica1 oscillation of 10 Iiours, 

between May 22nd, 7 p. m. (19) and 23rd, 2 a. m., 1904; but in this case there is 

also n possibility of vortex-movements beiiig the real cause of the appearance of peri- 

odical oscillations. 

Oscillations shozun by Suyface-Observations. 

Having found that  such oscillatory movements probably occur 

in the intermediate strata of the sea, we thought i t  would be inter- 

esting to  find out whether any kind of periodical oscillation conld be 

discovered in the variations of the surface-observations. It has of 

course to be remembered that  the values of temperatnre and salinity 

of the surface-observations depend very much upon the manner in 

which they are taken. If,  for iiistance, a bucket be used while the 

ship is going a t  full speed, i t  may make a difference whether this 

bucl~et is filled simply by letting i t  skim the water-surface, or by 

throwing i t  forwards and letting i t  sink far  below the surface before 

i t  is hauled on board. I f  there be much difference between the strata 

near the surface, or if, for instance, there had been a rainfall just 

before the observations were talKen, and there had been no strong 

wind to stir the upper water-layers, i t  is clear that a considerable 

difference between the water-samples might result from these two 

methods of taking the samples. I n  order to trace any kind of periodical 

oscillation, therefore, it would be important to have series of surface- 

observations taken a t  short intervals, and all of them exactly a t  the 

same depth, e. g. 1 metre below the surface. They ought also to be 

taken all a t  the same place, because observations from a moving ship 

will naturally show local variations in the sea, which may be much 

greater than those caused by the oscillations. But having had no 

opporbunity of collecting such an  ideal observation-material, we have 

examined the observations a t  our disposal. 
In  Fig. 15 we have introduced the curve of the surface-density (n). I t  shows 

great vnriatioiis, but no certaiii periorlicity ariuiiig from regular oscillatioiis can be 



xo. 21 THE NORWEGIAN SEA 99 
-,p 

traced, not distinctly a t  aiiy rate, although a few of the greatest variations, e. g. the 

maxima at tlie hours 7-8 and 15 on Aiig. l l t h ,  appear to coincide to some extent 

with those of the ciirves for 50 and 100 metres; but the coincidence is not so marked 

biit that i t  may not be accideiital. I t  is worthy of note that the maxima of the 

sarface density a t  the hours 3, 7-8, and 16, on Aug. l l t h ,  are due to lower teiupera- 

tures, wvhile the salinity shoms in the first case no increase, and iii the tmo latter 

cases even marked decreases. This strenghteiis the probability that the maxima of 

siirface density have iiot beeu due to a lifting of lomer strata to the surface, but halre been 

caused by surface-water coining from the north, or, vice versa, the minima by water 

coming from the south. 

It might, however, be possible that the conditions near the sea-surface are too 

uniform in the region of our section, between JaiiMayeu and Vesteraaleii in 1900, to 

show miich variation. If regiilar oscillatioiis exist they might be easier to trace in  

regions where there are greater cliffereiices between the siirface strata. The sea along 

the north coast of Icelaiid, and between Iceland and Jaii Mayeii, are such regions, 

arid the curves of surface salinity, as also of snrface-density, from our voyage through 

this sea, between Allgust 3rd and 7th, 1900, exhibit very great and peculiar variations, 

as shown by Fig. 18. The numbers of the stations are given aloug tbe foot of this 

figure, and 1'1. 111, Figs. 1 and 2, shoms the position of the stations, aiid our track 

[cf. als0 NANSEN 1901, Pl. I]. 
The great variations of the curves may to a great extent have had local causes. 

The conditions betweeii Stat. 14 and Stat. l 5  are a special instaiice of this, the rise 

in deiisity being there accompanied by a rise in salinity and a fall in temperature, 

niaking i t  evident that each fall of density arid saliiiity in this part of the ciirve has 

been caiised by the Iceland coast water, Tvhose distribution is greatly dependent on 

the confignration of the coast and that of the contiiiental shelf. I t  is evident that the 

variations along this part of the roilte have becn chiefly due to such causes, aiid this 

fact has coiiseqiiently to be carefnlly considered in an attempt to trace any period 

in the variations. Between Stat. 17 and Stat. 20, in the sea between Iceland and 

Jan Mayen, each fall in density is also accompaiiied by a fall in salinity, but fiequently 

also by a fall in temperature, which proves that i t  has been caused by polar sur- 

face water, and not by coast-water. It cannot but be expected that variations showri 

by these curves, mould be very irregular, and i t  is certainly not easy to trace aily 

period in them; bu$ nevertheless there are perhaps indications of soine relatiou between 

the culminations of the moon and the miiiima of the latter part of the curves, though 

this is much too iiidistinct to allow of our saying anything with certainty. 

Fig. 19 represents the curves of surface-salinity (broken line 8 O/oo) and surface- 

ileiisity (at) in the Norwegian Sea north-east of Iceland, between &Iay l l t h  (4 a. m.) 

and 16th (10 a. m.), 1901. The region of these siirface observations is the so called 

Bottle-nose Area, where the bottle-nose whale (Hyperoodon &orlora) is canght; and the 

ship wvas most of t,he time in the sea north of Stat. 14 (se Pl. V). In this region, 

near the bounilary of the East Iceland Arctic Ciirreiit, there are freqnent variations 

in the sorfacelayers, aiid our curves prore that the rise and fall of density coincide 

almost exactly mith those of the salinity. I t  is a striking fact that, with very few 

exceptions, the culminatioiis of the moon coincide with maxima of density and salinity. 

Biit, as was also the case a t  50 and 100 metres in our section of Aug., 1900 (Fig. 16), 



Fig. 18. Curves of Surface-Salinity (SO/,,) and Density ( q ) .  August Srd, O a. m.-7th, 8 p. m. (20), 1900. Sea north of Iceland 
(cf. Pls. I11 & XIV B, Fig. 1). 
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Stat14 15 16 
Fig. 19. Curves of Surface-Salinit'y (SO/,,) and Density (ot), May 11th (4  a. m.)-16th (10 a. m.), 1901. Bottle-Nose Area. 
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Fig. 21. Curves of Surface-Salinity (SO/,,) and Density (at), June 5th-Sth, 1904. Sea off Helgeland. 
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tliere are as a rule two maxima and t ~ v o  miiiimn for eacli ciiliniiiation (ilpper :ind 

Iower), and the average period of tlie oscillatioiis is conseiliieritly about 6'14 hoiirs. 

Although it may be difficiilt to understand how tliese periodical oscillations are created, 

their regularitmy in the cuives, and their coinciclence with the upper and lomer cnl- 

minotions of the moon are so marlred that they cail hardly be ignored as being merely 

accidental. 

The ciirves of surface-density (at) aiid sarface saliiiity (B '/cio) in  Fig. 20 (August 

10th to 12tl1, 1903) and Fig. 21 (Jiine 5th to 8th, 1904) exliibit more er less similar 

oscillations; biit tlieir periods are less regulor, and their coincidence mith the cul- 

minations of the nioon less perfect. The observations of Fig. 20 were take11 nloiig 

the route between Norway and Iceland across the southern part of thc Norwegian 

Sea, near its southern boundary (cf. Pl. X & XXI A, Fig. 1). 111 these ciirves the 

c~~lminations of the moon appear to coincide with minima of tlie curves, this being 

especially the case iii the sea nortli of the Fxroe-Icelaiid Ridge, i11 the latter half of 

tlie ciirves. In this region there are siirface-  va ters with high salinities to the south, 

and with lower saliiiities to the north. The observatioiis of Fig. 21 were takeil in 

the sea off Helgeloiid along the roiite of the Miclznel Sars, soiith-westwards from the 

Vestmfjord (cf. Pl. XII, and Pl. XXIV A, Fig. 3). In the latter half of the curves 

especially (in the central part of the southern Norwegian Sea (cf. Pl. XII)), the cul- 

minations of the moon appear to coincide with minima of the carves. 

The cnrves of surface-salinity aiid surface-density in Fig. 22 represent observa- 

tions from March 3rd-Gtli, 1901, talren in the sea betmeen Norway and Eear Island 

(cf. Pl. IV Fig. 1, Stats. 18-28; and Pl. XV Figs. 4 & 3). The first part of the 

curves, duriiig the north-westward voyage of the ship, exhibit no distiiict periods iii 

their variations; but after March 4tmh, 10 a. m., tliey show a very distiiict period of 

five hoiirs(l), witli only one irregularity on March 5th, 2-4 p. m. (15--16). At that 

time the ship was approaching t,he bouridary of the coast-water (cf. Pl. I V ,  Fig. 2), 

and a part of i t  may hare heen carriecl sean~ards, e.g. hy a cycloiiic vortex-movement. 

I t  is a strange coiiicideiice that just oil March 4th, 11 a. m., the ship's course was 

turned soiitlimards to Stat. 25, then westwards to Stat. 26, and theii south-east t,owards 

the S6ro in Norway (cf. Pl. IV, Fig. 1). 011 March 4th, 6 a. m., the ship mas amongst 

ice-floes a t  the edge of the paclr-ice; south of Bear Island, mhich explains the very 

low salinity. 

The observations from the deeper strata at  Stations 18-28, are taken a t  far 

too great intervals to give nny periods. The vertical sections (Pl. XV, Figs. 3 ck 4) 

demonstrate that the densitmy was very uniformly distributed vertically, there beirig, 

for instaiice, very little difference between the densities (or between the temperatures 

and saliiiities) a t  100 metres, 50 metres, and O metres at  the same statioil. The varia- 

(1) It is a strange coincidence that if we assiime that there is a stationary Tvave 
in the Norwegian Sea, and we compute the period of this wave by meaiis of MIGRIAN'S 

2 1 
t= , where t is the period of oscillation in seconds, 1 the length 

of the sea-basin in metreli, p its average depth in metres, and g the ncceleration of 
gravity), we Giid klie period to be about 5 honrs and a half, supposing the leiigth of 
the basin to be 16 degrees of Latitiide, and its average clepth 1600 inetmres. 



Fig. 22. Ciirres of Surface-Salinity (S'Oi,,) and Deilsity (at). March 3rd-6th, 1901. Sea betmeen Norway and Bear Island. 

~ i g .  23. ~ u r v e s  of Surface-Salinity (SO/,,) and Density (ot),  Septeniber 2nd-4th, 1903. Sea east of Iceland. 

i iii; 
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tions cannot therefore be explainec1 simply by vertical oscillatory movements of the 

upper water-layers unless i t  be assumed that there has beeu a very thin surface.1ayer 

with coinparatirely lom saliuity, whicli only at  certain iiitervals of time was accumu- 

lated to greater thickness so as to becoine an appreciable part of the surface samples 

takeii. This possibility vas, however, excluded in this case, as the wentber was very 

stormy, and the surface-layers had been well stirred. 

I f  the remarltably regular variatious have really been due to oscillatory move- 

inents of the water, som kind of lateral oscillatory transportation of the surface-water 

might be more readily imagined, although i t  is extrernely difficult to understand liow 

such movements could be sufficieiltly rapid to produce much difference in  the water 

in the short space of 2 hours and a half, from minimum to maximum. The ship 

would naturally also be carried along by these movements; bilt i f  they were not 

simultaneoiis over the whole area, it might still be possible for the ship to he car- 

ried in  olle direction, vhile the water in front of her had just been carried in  the 

opposite direction. A fiirther difficulty is that the water of the minima, between 

Stat. 25 and Stat. 27, has a lower salinity (34'97-34'94 O/oo) than is observed at  any 

depth in this part of the sea (cf. Pl. XV Fig. 3,  and also Fig. 4 ;  see also Pl. IV), 

and it seems difficult to explaili where this vater has so suddenly come from at  

each minimum. I t  is worthy of note that the greatest variations and the lowest 

minima (the regions of coast-water and ice-water excepted) occurred during the home- 

ward voyage between Stat;. 25 and Stat. 28 ( l ) ,  when the ship was farther west than 

on the northward voyage, between Stats. 20 and 24 (cf. Pl. IV). The explanation 

may be that there is probably very often a cyclonic vortex-inovement in this sea 

between Bear Island and Norway, aiid the vessel may have been iiear the central 

part of this vortex, where there is ofte11 surface-water with low salinity as it has 

been iiitermixed with Arctic water coming from the north, from the sea near Bear 

Island [c f .  NANSEN, 1906, Pl. I]. This water with lower salinity may have been 

scattered over the sea-surface a t  certain intervals by small vortex-movements or in 

some other way. Rut there is no regularity to be discovered in the distaiices betweeii 

the places where the minima occiirred, as they differ mnch. 

But whatever their causes may have been, the variations demonstrated by oiir 

curves in Fig. 20 appears to hare too much regularity to be quite easily explained 

as merely accidental. 

I t  ought perhaps also to be mentioned t,hat spring-tide occnrred just during 

the homemard voyage, between Stat. 27 and Stat. 28. There was new moon on March 

bth, 8 p. m. @O), 1901. 

Fig. 23 is an example of another curve of snrface-densities, which shows 

remarkably regular periods of G hours. These observations were talren between 

September lst, 8 p. m., and September 4th, 5 p. m., 1993, in the sea east of Iceland, 

betvreen Stat. 46 and Stat. 48 and south east of the latter station (see Pl. X, Figs. 

1 & 2, and section Pl. XXII, Fig. 7). As shown by the surface map, Pl. X, the 

ship, when sailing south-east~vards from Stat. 18,  was in a boundary region, where a 

lateral movement of the surface-water towards the north-east or towards the south- 

west may lower the surface-temperatiire and raise the density or vice versa. Fig. 23 

( 1 )  The weather was then niore windy than during the iiortliward royage. 



NO. 21 TEIE NOJIWEOIAN SEA 106 

sho~vs that the variations in tlie density are chiefly diie to varii~tions of temperatiire, 

because the variations ill the salinity are very often iii the opposite directioii. A 

striking fact s h o ~ ~ i i  hy the curve of surface-density is the conspicuoiis maxiiiin which 

occur near the iipper ciilminations of the moon while iiear the lower cul~ninatioiis 

there are more or less pronounced minima. This might prove that there are at  least 

two different periods whicli coiiicicle near the upper culminations of tlie moon, ~vheu 

the effects of the periods acciimulate; but here agaiii rlie ohservation-material is 

much too incomplete to give aily triistworthy iuformation oil this poii~t. 

It will thus be seen that  the observatioii-material a t  our disposal 

is not sufficient to allow of our drawing any certain conclusions with 

regard to  the possible oscillations mentioned, especially as the observa- 

iiions were not collected with the view of studyiiig this difficult pro- 

blem. Systematic and continuous investigations carried on a t  the same 

place for a long time would be requisite for this purpose. All we 

can say a t  present is that many of our observations indicate the pro- 

babiljty that  great, hitherto zcnknown, oscillatory nzovenzents may occur 

in the intermediate strata of tlze sea, and also at i ts  sztrfnce. These 

movements may be waves of some kind, on the bouiidary between 

water-strata with different densities. Boundary waves generally occur 

singly, but periodical oscillations inay be produced by a series of such 

waves, if the impulse creatiiig thein be regularly repeated a t  certain 

intervals of time. We consider it probable, for instance, that  the 

tida1 waves passing into a basin across a suboceanic ridge, like that  

between Scotland and Greenland may give regular iinpulses such as 

these. It is even possible that the tida1 waves may thus to some extent 

be transformed into boundary waves, which will advance with mnch 

reduced velocities. 

Oscillatory movements, like those mentioned, may possibly also 

to some extent be due to some kind of pulsation i n  the velocity of the 

sea-currents. Both lcinds of movements inay possibly cause periodical 

movements and consequent variations in  the surface-water(1). 

(1) I t  is very difficult to explain how appreciable variatioiis in salinity, tem- 
perature, aiid density, mag thos arise. If we assume that some horizoiital, or lateral, 
oscillatory trailsportation of the surface-vater is caiiqed, which is probable, i t  is diffi- 
crilt to understand how this can prodnce aily great variatioii because the velocities 
caiinot be so great tliat the oscillatory movements cau carry the snrface-water any 
great clistance in the few hours of half the periods. I t  might be more reasonable 
to siippose that an increased movemeiit of the suiface-strata, \vill stretch the strata 
so to speak, and consecluently diiniiiisli their thiclcness, while a decreare or stop in 

14  
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If the variations observed be caiised by two or several oscillatory 

inovements with different periods, the resulting period of the varia- 

tions observed may, of course, be very irregular and complex. 

c. " PuZsations " irz Sea- Currents. 

If such " waves" or "pulsations" really occur in the sea, they may 

be investigated by current-measurements. The only direct measure- 

ments that  have been made of currents in the Norwegian Sea are 

those which Helland-Hansen made during a cruise with the Michael 

Sars in July, 1906, and which he has described in his paper of 1907. 

Fig. 24. Ciirves of Velocity (uiibrolreii line) and Directioii (broken line) of Current 
a t  10 Metres. Stat. 307, Storeggen, July 12th, 1006. 

H e  had two stations off the Norwegian Coast, in 62 O 32' N. Lat., 

5" 25 ' E. Long. (Stat. 29!)), and in 62 50 ' N. Lat., 4" 47 ' E. Long. 

(&at. 307). The former Station was on the "Skreigrund" off Aalesund, 

where the depth to the bottom was 70 metres; and here the measilre- 

ments proved that there were varying ordinary sea-currents as well as 

tidal currents. It is difficult, however, to  find any definite periods in 

the variations of the ordinary current a t  this place. Station 307 was 

on the edge of the Continental Slope (Storeggen) off Aalesund, the 

the movement may make the siirface-strnta considerahly thicker; and if there is mnch 
difference between the strata near the surfi~ce, a biicket may in  the former case take 
more water from the underlying strata than in the latter. But eveii this explailation 
does not appear to be very satisfactory. 
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depth being 260 inetres. I n  order to study possible waves of the kind 

mentjoned above, we have examined the current-measurements from 

this station very closely and have obtained some resiilts whicli. seem to 

prove the existence of such "waves". 

The measurements a t  s ta t .  307 were made continliously for more 

than 24 hours, on the 12th and 13th of Jiily. The observations a t  a 

depth of 10 metres below the surface are represented in Fig. 24, the 

N 

L i . . . l i .  . .  l . . . . l i i i . l . . i l l . . . i l . l . . l i . . i l  

O 10 20 38 40 

Cm/sec 
Fig. 26. Ceutral Vector Diagram. Storeggen, 10 Metres. 

unbroken line being the curve for the velocity (in centimetres per 
l 

i second), and the broken line that  for the direction. By means of these 

curves we have found the velocity and direction of the cnrrent for 
I 

each hour, the values thus found being shown by a central vector dia- 

gram in  Eig. 25, where the? are connected by the broken line(1). 

The shape of the broken-lined curve in Fig. 25 proves the 

existence of complex moveinents, and may be explained by the assump- 

(1) In Figs. 25, 26, 27 and 29 the honrs from midnight to midnight have been 
reckoned as O to 24. 
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tion that  the current was composed of a tida1 current and a varying 

ordinary sea-current. If the tida1 influence could be eliminated, we 

should find the sea-current itself and be ahle to study its vari a t' ions. 

The tida1 wave proceeds northwards through the Norwegian Sea. 

Wear the coast, or wherever the bottom rises towards the surface, the 

wave will be retarded; and a t  Stat. 307 i t  must therefore run obliquely 

towards the coast-line. It is thus very probable that the tida1 wave 

a t  this place moves from west to east, causing a t  flood-tide the water 

to run in this direction towards the coast, and a t  low-tide in the 

opposite direction, seawards. On account of the variatioiis in the 

velocity of the tida1 current, the line of its advance will be elliptical 

in form [cf. v. ROOSENDAAL and WIND, 1905, and HELLAND-HANSEN, 

1907, a]. If the tida1 current for each hour be represented by a central 

vector diagram, t,he major axis of the ellipse will have the same direc- 

tion as the tida1 wave itself, i. e. in onr case from west to east. The 

direction of the current will vary, cyclonically if the nearest land is 

to the right, and anticyclonically if the nearest land is to the left 

[cf. KRUMMEL, 1887, and the Introduction to the British Tide-Table]. 

The variation a t  the station in question was in all probability cyclonic. 

I n  Fig. 25 we have introduced an  ellipse with the major axis 

along the west-east line. W e  have made a good many attempts to 

determine the most probable sitnation of this ellipse in the figure, and 

fiud this to be the situation which agrees best with 'the observations. 

Owing to our lack of knowledge concerning the tida1 wave and current 

in the Norwegian Sea, i t  is a t  present impossible to deal with this 

matter exactly. 

The ordiilary current rims parallel to  the coast (or the edge of 

the continental slope), a t  our station in a direction aboiit N 50"  E 
Supposing that  this current were constant in diiection and velocity, 

we should find that all the points, representing the observed velocities 

and directions, one for each hour, would be grouped along the ellipse, 

and not aloiig the broken line that  the observations gave. The posi- 

tion of these points along the irregular cnrve inay easily be explained, 

however, by assuming that  the sea-ciirrent had an  almost constant 

direction (towards N 50" E) bnt varying velocities. On acconnt of 

these variations the poiiit would be moved froin the ellipse to the 



NO. 21 THE NORWEGIAN SEA 109 
- 

other carve, this displacement being easily found by projection of the 

points froin one curve to the other along the main direction (N 50" E). 
The displacement will be positive or negative when reckoned along 

this direction; arid the total velocity of the ordinary sea-current after 

the elimination of the tida1 current will be found by adding (with 

Fig. 26. Curves of Velocity. 

pliis or minus) the displacement to the distance from the origo to the 

centre of the ellipse. 

Curve "I" in Fig. 26 is foilnd in this way. It represents the 

ordinary sea-current, after the tidal current has been eliminated in 

the manner just mentioned, by means of the curves in Fig. 23. We 
have assumed, then, that the direction of the ordinary sea-current 

was quite constant. This ciirve "I" in Fig. 26, shows a well-defined 
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periodicity, with a period of about l 5  hours. The velocity, as found 

by this cui*ve, is about nought a t  minimum, and a t  inaximum almost 

50 centilnetres per second. These variations are much larger than 

those caused by the tides. 

The unbroken line, "II", in Fig. 26 represents the velocity of 

the tidal current when the directions are ignored. The theoretical 

curve, typical for tida1 currents, is drawn as a dotted line along the 

former [cf. HELLAND-HANSEN, 1907, pp. 16-18]. The unbroken line 

("11") is found in the following way. The points along the irregular 

curve in Fig. 25 have been piojected along the direction N 60" E-- 
S 50"  W ,  on to the ellipse. The distance from the centre of the 

ellipse to the projected points found in this way, have been plotted 

out in Fig. 26, and form the curve "11" in questiori. It is quite 

remarlcable how well this curve agrees with the theoretical one, only 

the last part of it--to the right-being a little different in form. This 

almost conlplete agreeinent between the two lines; rnarlced 11, is a 

strong indication of the correctness of our mode of proced~ire. No 

such agreement would have been found by means of the theoretical 

ellipse (Fig. 25) if the observations had given other values than they 

actually did. 

Curve "111" in Fig. 26 represents the components of the tida1 

currents along the directien S 50 O W-N 50 " E, the north-eastward 

components being introduced above the abscissa and the south-west- 

ward components below it. 

W e  have thus assurned that  in 10 metres a tida1 wave came in from 

west to east, and that  the tida1 currents a t  the station in question 

ran their ordinary elliptical course in a cyclonic direction, the position 

of the major axis of the ellipse being thereby deterinined. The size 

of the ellipse is talcen from the observations, as best suits, and should 

give a maximuin of the current of 17-18 E, and a minimum of about 

12 2, values that  appear to stnswer well to  the probstble conditions. 

From the position of the projected points on the ellipse, which also 

deterinines the velocity-cnrve 11, the observations can be siinply ex- 

plained by assnming tliat there have been pulsations in the ordinary 
current, with periods of about 15 hours. Curve I, which applies 

oiily to the ordinary cnrrent, seems to represent as nearly as possible 
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the actual circumstances; the magnitude of the variations may of 

course have been a little different, but the periods are probably correct. 

It is impossible to express any decided opinion as to how these pul- 

sations are to be regarded ; but tliey appear to correspond to the waves 

we have mentioned above, and are due either to a wave in the current, 

or to sornething that  might be likened to  the stroke of a pump. 

Under these circumstances then, the current will be composed 

of an  ordinary sea-current and a tidal current, both with decided 

periodical variations. As the periods are different for the two lcinds 

of currents, the resultant -motion will show periods of various lengths 

and various amplitudes. I n  Fig. 27, the entire line indicates the 

Fig. 27. Theoreticnl Curves of Velocity. Unbrolren line the Ordinarg Sea Currerit; 
broken line tlio Tida1 Curreiit; dotted line the Resulting Curreiit. 

velocity of the ordinary sea-current. The period is put a t  15  hours. as 

we found it above, and the oscillations a t  froin O to 50 E, as nearly 

as possible answering to the conditions represented in Fig. 26. The 

biol~en line shows the velocity conipoiient for the tida1 current in the 

direction of the ordinary sea-current : the maximum velocity is assurned 

to be 20 Q:. The resultanta of these motions in the direction of the 

inain current is shown by the dotted line. It shows periods of various 

lenghts from 12 to 20 hours. The oscillations also vary, the smallest 

maximum beiilg nearly 40 Sz, and the greatest nearly 70 z. I n  the 

course of about 72 hours, the original conditions have retui-ned once 

more. Soinetimes, for from 4 to 6 llours, the current will Ao~v in a 

direction the reverse of the average, a circumstance which inay explain 

why certain c-tirrents soinetimes exhibit inotions tlie reverse of the 



112 HELLBND-HANSEN AND NANSEN [REP. NORW. EISII. 11 

ordiilary, as is frequently-observed by the fishermen off the coast of 

Norway. 

I n  the deeper strata a t  the current-measurement station out on 

Storeggen, the conditions were more composite. Fig. 28 shows the 

velocity and direction a t  a depth of 100 metres. The direction-curve 

shows a decided period (of 7 hours). The velocity-curve falls the whole 

time from a inaximum a t  the beginning of the measurings. The cen- 

tral vector diagram in Fig. 29 corresponds with that  in Fig. 25. 111 

this case i t  is not possible to explain the observations by a single 

tida1 rnovernent and a pulsation in the ordinary sea-current. W e  have 
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Fig. 28. Curves of Velocity arid Direction (broken line) of Current a t  100 Metres 
Storeggen, July 12th, 1906. 

endeavoured to const,ruct various ellipses, simiiar to that in the former 

case; but the position of the points on the broken line show i t  to  be 

impossible that there has been a displacement baclcwards and for-cvards 

in orily one direction. If we presuppose a certain movement with the 

tida1 current, and eliminate it, there will still be a composite motion 

left. The curves of direction that  can be constructed after such an  

elimination of the primary tida1 wave, indicate that there is still another 

motion of the nature of the tida1 currents, probably a reflected tida1 

wave. It is scarcely worth while trying to eliminate this, as the 

uncertainty will be far  too great, and there will be too much rooin for 

hypotheses. It would require the taking of observations through a 

considerably longer period than 24 hours to throw light upon these 

conditions. 
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From the open sea, with sufficient depths, there are no reliable 

currerit-measnreinents but those mentioned here. W e  have therefore 

not yet sufficient observatioii-material for a more thorough investiga- 

Fig. 29. Central Vector Diagrain. Storeggen, 100 Metres. 

tion of these conditiona; bnt we thinlc, that  even the facts here rnen- 

tioned seem clearly ti, indicate the existence in the Norwegian Sea 

of hitherto unlcnowii waves that  have a period of many hours, and 

which reveal themselves in the ordinary hydrographic sections. 

d .  Pe~iodic Variations irz the Hydrostatie Rquilibriunz. 

Periodical variations in the velocities and directions of the current,~, 

of the kina inentioned above (P~~lsat ions as well as the Tida1 Currents), 

must cause periodical variations in the levels of the water-strata. These 

variations may probably be considerable along the continental slopes 

on the right side of the current. Let LIS suppose, for instance, that  
15 
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the surface-velocities of the Atlantic Current along the edge of the 
Norwegian continental shelf be ifzcreased. Owing to the effect of the 

Earth's rotation the relatively light siirface-strata will then be pressed 

down to lower levels along the continental slope on the right side of 

the current, and they will approach a new level of eqiiilibriiim condi- 

tioned by the increase in the surface velocity. 

A decrease of the siirface-velocities, or an  increase of the velocities 

of the underlying strata, will have the opposite effect. 

Variations in the directiofz of the currents will naturally also 

cause changes in the levels of the strata, depending whether the 

current be turned towards the continental slope, or Inore seawards. 

W e  have seen above that  siich variations in the Currents actually 

occur even periodically, and they are of two lcinds, a t  least (pulsations, 

and tida1 variations). W e  must consequently conclnde that vertical 

oscillations in the leve1 of the strata are thus created. The inagnitude 

of tliese oscillations mill natiirally depeiid upon the amplitude of the 

vatiations in velocity and direction, and upon their duration; for the 

strata will require some time to reacli the leve1 of equilibrinin condi- 

tioned by the changes in velocity. 

W e  have seen above that  the v,ziaiations in the velocities of the 

current may be very great; it is therefore probable that  the vertical 

oscillations of the strata, caused by them, are considerable. 

e. Temy orary Distu~bances of the Hy drostatic Equikib~ium. 

It is clear that  any sudden, local change i n  the horizontal move- 

ments of the surface-layers of the sea will cause changes in levels of the 

underlying heavier water-strata, which iilay be either depressed or 

raised a t  the place where the sudden change in the surface-movements 

occurs. I n  a section which happens to pass through a region of the 

sea disturbed in this inanner, the depressed or raised underlying strata 

may have the appearance of waves. Let us suppose, for instance, that  

a suddeii strong, local wind creates a local siirface-current, or a local 

acceleration or retardation of the surface-ciirrent, or a change in its 

direction, at a certain place. It is clear that the underlying heavier 



NO. 21 THE NOIZWEGlbN SEA 115 

water-strata must then be raised a t  this place and be depressed in 

front of the wind. A wave is consequently formed, which remains 

more or less permanent for soine time, i€ the wind continues uualtered. 

An experiment demonstrating this process can easily be made in a 

laboratory. Fig. 30 illustrates an ex- 

periment of this kind made by J. W. 

SANDSTROM (1908, p. 101. H e  had in 

a vessel a lighter water-layer resting Fig. 30. Rouiidary-iral~e forined by 

on the top of a heavier lager, with iocal A i r  Current [cf. SANDSTROII, 
1908, p. 101. a sharply defined boundary, one of 

tlie layers, being coloured for the purpose of distinction. By letting 

a stroilg, narrow air-current suddenly act locally, a t  a certain 

place on the surface of the light water-layer, this layer was pnt 

in motion in  the direction of the air-current, and the underlying 

heavier water a t  this place aiid behind it, was lifted to form a very 

great wave, while in front of i t  the heavier water-layer was depressed. 

If the air-current continues to act on the surface a t  the same spot 

for some time, the wave in the underlying heavier water will remain 

permanently, altering its shape gradually until a new condition of stable 

equilibrium is attained, If the spot a t  which the air-current acts on 

the water-surface moves forward (in the directioil of the air-current), 

the wave will follow in the same direction. If the air ciirrent siiddenly 

stops, the wave will continue its course as a boundary-wave, with the 

velocity of an ordinary bouildary-wave, until i t  reaches the wall of the 

vessel, or if we thinlr of the sea, until it reaches the side-slope of the 

sea-basin. Here i t  will partly be broken and partly be refiected, and 

will again pass across the basin, til1 i t  reaches the other side. Any 

sudden storm or wind on the sea, may have an effect upon the water- 

strata, similar to that  demonstrated by such experiments, aiid thus 

subsurface-waves or bonndary-waves may easily be created; and i t  

inalres no essential differeace in this respect whether the water-strata 

were a t  rest, or were being carried along by a permanent sea-current 

before the sudden wind or storm began to act. By a succession of 

several storms in a basin like that of the Norwegian Sea, much distur- 

bance rnay be produced in this manner in the different water-strata 

underlying the lighter siirface-layer, and many different boundary- 



116 1-IELLAND-HANSEN AND NANSEN [REP. N O R V ~ .  FISH. 11 

waves may be created. The possibility will thus esist that  in a very 

stormy season several bouundary-waves will move in different directions 

a t  the same time, and will cause very complex and apparantly irregular 

oscillatory moveinents of the intermediate strata. They inay also unite 

to form stationary boundary-waves, which may possibly last for 
- 

L i some time. 
Fig.. 31 is a reuroduc- 

tion of a figure by Dr. 

V. W. EEMAN [1906, Pl .  VI, 
Fig. 41 representing waves 

on the boundary betweeii 

Fig. 31. Boiiridary-Waves [cf. V. W. EICMAK, a layer fresh wat~er rest- 
Pi. VI,  Fig. 41. ing on heavier sea-water. 

The boundary-waves are 

advancing from left to  right as indicated by the long arrow. The 

small arrows indicate the velocities and directions of the orbi td inove- 

inents of the water-particles. The height of the surface-waves is 

exaggerated 30 times, in order to inake the waves visible in the 

drawing. 

The boiindary waves in the sea inove very slowly; their velocity 

depends upon the difference of density between the two water-strata, 

and increases with the sqnare root of this difference. The velocity 

with which a boundary-wave advances is, according to HELMHOLTZ'S 

formula: 

where n q is the difference of density between the upper and 

the lower stratum, q the density of the upper stratum, d the thick- 

ness (in inetres) of the upper stratum, and D the thickness of the 

lower stratum. 

Supposing the valiles to be: n q = 0~0005, y = 1.02750, g = 9.8, 

d = 100, B 2000, we find that  v = 0.68 = 11/3 knot = 32 naiitical 

miles in 24 hoiirs. During half a tidal period (6'14 hours) the boundary 

wave would consecluently advance only 8.3 miles, and in a whole 

tida1 period (1 2'12 hours) 16.6 miles. 
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The boundary-waves will create waves on the surface with the 

salne wave-length, but a mucli smaller height. If the wave-length be 

very great as coinpared with the thiclcness of the surface-layer, the 

ratio between the height of the surface wave (h) and that  of the 

boundary wave (K) may be assumed as 

0'0006 - 1 This will be ,, - - - 
2088 

if the same densities as above be 

introdnced. Upon this supposition the boundary-wave will be 2055 
times as high as the surface-waves. If the latter be 5 cm. the boundary 

wave will not be less thau 100 metres high. It should also be noted that  

the surfaoe-wave will have a crest where the boundary wave has a 

trough, and vice versa. The velocities of the inovements of the water- 

particles on the surface will be considerably less than the velocity 

with which the wave advances, and are proportional tlo the heights of 

the waves. 

But sudden local changes in the velocity of the current may not 

only create boundary-waves in the underlying water-strata, but may 

als0 result in local horizontal vortex-moveinents, with vertical axis. 

I f ,  for instanbe, the velocities on the right side of a current be sud- 

denly much increased-e. g. by a local wind, or by being pressed up 

against the side slope of the sea-basin,-whilst the velocity of the 

water on the left side of the current remains unaltered or is even 

retarded, a cyclonic vortex-movement may then suddenly be formed 

locally. If the retarded water be on the right side of the accelerated 

part of the current, the vortex-movement thus arising will be anti- 

cy clonic. 

f. Cyclorzic (or A.nticyclonie) Vortex-nzovements. 

Our numerous observations from the various years make i t  prob- 

able that  a t  least some of the great bends or "waves" of the equilines 

in our sections are due to horizontal cyclonic vortex-inove~nents. Let 

us first examine the four sectiona aeawards from Lofoten, for May 



Fig. 32. Average Horisontal Distribution of Salinity at 300 inetres, resillting from 
all observations taken diiring the years 1900-1904. 

1901, 1902, 1903, and 1904 (Pl. XVI, Fig. 3;  Pl. XVII, Fig. 2 ;  Pl. 

XXI A, Fig. 4 ;  Pl. XXIV A, Fig. 4). 

Fig. 32 represents the average horizontal distribution of salinity 

at 300 metres, according to all our observations from the differeiit 

years. The shape of the isohaline of 35.0 O / o o  (and dso that of 

34,9 O / o o )  demonstrates clearly tha,t there is a great cyclonic move- 
ment of the waters in this region of the sea. The great toilgue which 

the isohaline of 35.0 O/OO forms west a n d  south-westwards to aboiit 

67' N. Lat. and 5 O W. Long., indicates that the water of 35.0 O / o o  is 

there flowing in that direction, and this also explains clearly how it  

is that the Atlantic water with sa1,inities above 35.0 O / o o  has snch a 
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mach greater westward extentioa in a11 our sections sea,wards from 

Lofoten, than in any section farther south. 

Let us, for instance, coinpare the sections seawards from Stad 

(which run more transversely across the Atlantic Curreilt than the 

Helgeland sections) with the sections seawards from Lofoten, in May 

& Juile, 1903 and 1904 (Pls. XXI A and XXIV A, Fig. 2, and Fig. 4). 

There is a strilcing difference between them in both years. The 

Atlantic water with salinity above 35.0 O/oo and temperature above 

4" C. and 2" C. has a miich wider westward extension in the northern 

sections than in the Stad sections. This is also very clearl? seen in 

the salinity aild temperature charts for 200, 300, and 400 metres (Pls. 

IX, XII) and also in the surface chart for May c! June 1904 (Pl. XII). 
I t  is evident ths t  the Atlautic water along the region of the 

Lofoten sections must to some extent be moving westwards in the 

direction of the sections; but probably this westward movement does 

not follow regular curves. As they proceed, the waters will certainly 

change their course irregularly, and will easily form whirlpools or 

vortices, just as the water of a great, quietly-flowing river will sud- 

denly, and apparently quite irregularly, form great whirlpools wherever 

the river-bed makes a bend. Thus some, at least, of the "waves" 

or bends, up or down, of the equilines of our Lofoten sections are 

evidently due to the fact that  the sections pass through volumes of 

Atlantic water flowing iii different directions, owing to the cyclonic 

inovernent of the water. 

We may take a? an example the Lofoten section of May 1901 (Pl. XVI, Fig. 3). 

The great ~\.oliime of Atlantic water, mith salinities above 36'0 O/oo, at  St:lts. 16 and 17, 

evidently belongs to the western part of the great cyclonic movemeiit and has 

beeii moving in a westeily and soatli-mesterly direction. At Stat. 18, tlie isohaline 

of 36 O O/ao is lifted above the leve1 of 200 metres below the sea surface, while i t  is a t  

300 metres at  Stat. 17, and at  400 at Stat. 16. At the next statioii o11 the other 

side, Stat. 19, it again falls abruptly to 400 metres. The apparent "wave" thus 

formeci in tlie scctiou at  Stat 18, i3 evidently clne to the fact that this station wau 

nearer the central part of the great cyclonic vortex. where, a t  depths Iietween 200 

and 400 rnetres, mnter mith a lower salinity comes in from the south and west. 

111 the Lofoten section of May, 1902 (1'1. XVII, Fig. 2), the isolialiiie of 36 O O/oo 

forms a similar "mave", and tlie coilditions have evidently been murh the same as 

iii Mey, 1901. In tlie Lofoteii section of May, 1903 (Pl. XXI A ,  Fig. 4), there is 

also a similnr mave; biit i t  is niuch farther east, and the vaLer with salinities above 

35 O O/oo has not such n vide westerly extensioii as in the sections of the two previ- 
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Fig. 33. Isohaline of 36'0 O/,, in the Section seawards from I.ofot,en, 
May, 1901, 1902, 1903, aiid 1904. 

ous spriiigs(1). I t  is, hornever, evident that the "mave" is due to the same cyclonic 

vortex movements, which has hacl a somewhat different corirse that year(2). 

The Lofoten section of May, 1904 (Pl. XXIVA, Fig. 4), differs somewhat [from 

the same sections of the previous years. l'here are more stations and shorter distances 

between them. The result is that more details are seen, and the eqailines show more 

"waves" (se Fig. 33). " Waves" as numerous might also have been seen ill the sections 

of the  previous years if i t  had iiot been for the mnch greater distailees between the 

stations. We coiisider i t  probable that the  vave ve" formed a t  Stat. 20 A aild Stat. 

19 A by the isohaline of 36.0 O/oo as well as by the isotherms of 2 O and 4' C. (Pl. 

XXIVA, Fig. 4) is a formatioil silililar to that seeii in the seetioiis of 1901 and 

1902, a t  Stat. 18 in 1001, and a t  Stat. 19 in 1902. We iniist coiiseqrieiitly assume 

that the water with a saliiiity above 36'0 '/o0 (and with a teinperature above 4 O C. 
or even above 2 C, west of Stat. 20 d and Stat. 19 A, in 1904 was inoving in a 

soiith-westerly direction (see Pl. XII, map for 60 metres), and was on the western side 

of the great cyclonic vortex of the soiithern Norwegian Sea, whilc Stat. 20 A and 

Stat. 19 A were nearer the axis of this vortex. 

But a t  Stat. 21 A and Stat. 23 A, May, 1904, there are qiiite similar "waves" 
marked hy all the eqiiilines. At Stat,. 20 K especially, all the eilives desceild to com- 

paratively great depths, e. g. the isohalinc of 36.0 '/o0 and the isotherm of 4 O C. 

descend below 440 metres, and the isohaline of 36 1 O/oo belom 300 metres, aiid so oil. 

The isotherm of 2 O C. descends ereii below 700 metres (cf. Pl. XXIVA, Fig. 4). 

This voliiine of deep Atlantic water is altogether similar to that found a t  Stat. 20 in  

(1) I t  is a straiige fact, however, that iio sricli difference between the four years 
1901-1904, is seen in the mesterly distribntion of water with temperatures betweeii 
2 O and 4 C. The isotherm of 2 O C. has very iiearly the same extension westwards 
in each of the four years, and the isotherm of 4 O  C. has also very similar slinpes 
in these years. The isotherm of 6' C. shows gieater differences, biit the cause may 
be that the sections of 1903 and 1904, were talren about a fortnight later in the 
season than those of 1901 and 1902. 

(2) The difference between that year and the two previous years cannot be 
explained by the fact that the sitiintion of the section is slightly inore soiitherly (see 
1'1. II), as tliat should if anything have had the opposite effect. 
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May, 1903 (Pl. XXI A, Fig. 4), but i t  is situatrd somewllnt farther east in May 1904 
(cf. Fig. 33). We corisider it probahle that it  is formed in a similar inanner, i. e. 
that i t  is water from the northward-flowiiig Atlantic Currerit, mhich has been carricd 

by a vortex movement west- and south-westwards, as is clearly indieated by the 

charts for 300 and 400 metres (Pl. XII), and also by the shapes of the isopykiids 

in Pl. XXIVA, Fig. 4. This vortex, however, is a smaller and more local Ione, than 

the great cyclonic vortex movement of the upper strata. 

At Stat. 23 A, May, 1904, there is also a "mave" in all the equilines (execpL 

the isohaline of 36'1 '/an). This "wave" is quite similar in appearance to the tmo 

others a t  Stat. 21 A and Stat. 19 A,  although somewhat smaller; and i t  might have 

a similar origin, i. e. a small vortex-movement has carried the Atlantic water in a 

south-westerly direction at  Stat. 22, anil has depressed the equilines at  that station. 

But other explanations are also possible, e. g. a local wind near Stat. 23 A, or some 

other cause, might have created a lokal snrface current in that region. which has 

lifted the underlyiug vater strata. The regitlar r~ertical distribiition of temperature 

and salinity between O and 100 metres, and the horieontal course of the isopyknals 

of 27'60 and 27'60 at  Stat. 23 A, homrver, do not make such an explanation probahle. 

Another possibility is tliat me have had here a l~oundary wave which Iiad lifted the 

water betiveen 150 and G00 metres diliing the hoiir of observation. 

Although there certainly is a possibility that  some of these 

" waves", especially the last mentioned one, might be otherwise 

explained, we consider i t  most probable that  the three great and 

distinct "waves" seen in the Lofoten section of May, 1904, are all of 

them forinecl in the same manner, i. e. by great or sinall vortex-move- 

ments, circulating horizontally with verticd axes. W e  consider i t  

probable that  these vortices are to some extent caused by the con- 

figuration of the coast and the ses-bottom. The great cyclonic vortex- 

movement of the southern Norwegian Sea (see Fig. 32) is probably 

cieated by the joint effect of the East Iceialzd Arctic Currelzt, running . 
south-eastwards east of Iceland and along the Pæroe-Iceland Ridge, 

and the Atlantic Currelzt running north-east and northwards along the 

coast of Norway. The latter current is to some extent impeded in 

its course by the Helgeland Ridge, since a current runs more freely 

wliere the sea is deep than where i t  is shallower. Some part of the 

Atlantic Current is therefore in that  region deflected towards the west, 

and this circumstance helps to form the great cyclonic movements of 

the southern Norwegian Sea. Some water of the upper strata, between 

the surface and 200 metres (see Pl. XII, charts for 50, 100, and 

200 m.), is also stopped in its northward course by the Lofoten Bank, 

and is driven westwards, to soine extent with increased velocities (see 
16 
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Fig 45). It is thus that  the westward moveineilt of the Atlantic 

water in this region may be started. Wherever the velocities of water 

are too much increased or too much retarded for one reason or an- 

other, horizontal vortices, inside the great cycloilic movement, may 

easily be forrned in this region where the direction of the great 

Atlantic Current is already so much disturbed. Thus a vertical sec- 

tion may easily pass across severnl such vortices in this region, and 

exhibit great "waves" such as those seen in the section of May, 1904. 

But these vortices or "waves" inay vary much in their position 

and probably also in number. This is proved by Fig. 33, where the 

isohaline of 35.0 O/oo of the four Lofoten sections mentioned has been 

introduced in one section. It is seen that  hardly any "wave" is in 

the same position in two different years. The isohaline of 35.1 O/oo, 

also shows great variations, although not to the same extent. The 

number of stations differs in the various years; but the probability is 

that  if there had been more stations Ive should also have seen more 

"waves", and the want of harmony between the different sections 

might have been still greater. 

If we assume that  the stations talcen, for instance in May, 1904, 

have been sufficiently numerous to show, a t  any rate approximately, 

the correct shape of 

the ecluilines in the 

section in Pl. XXIV A, 

Eig. 4, the inclinations 

of the isopyknals prove 

that the water has 

been running with very 

different velocities, and 

in very different direc- 

tions, between the 

various stations. 
Fig. 34. Section seawards from Lofoten, May, 1904, giving I n  Fig. 34 we have 

the  differences, iii cm. per secoiid, betlyeen tlie the difierence 
velocities a t  t he  surface and a t  the several depths in centimetres l,er second 
down to  600 metres. The dotted lines are the  

between the  surface-veloc- 
isopylriials of 27'60-28.00. 

ities aiid those compiited(1) 

(1) According to RJERI<NES'S tlleory. 
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for the water a t  depths of from l00 to 600 metres between each t v o  stations of this 

section (May, 1904). Plus i n  front of the figures means that  the water hetween the 

two stations has  been riinning northwards, i e .  in the main direetion of the current, 

while minus indicates that  the water (i. e. the component computed by us) has heen 

running in the opposite direction, i n  relation to the waters on each side. These 

waters with minus velocity may either have been riinning southwards (i. e the  

component computed by us has had a southward clirection), as is  most probable, 

or if we assume that  the whole water-mass represented by the section has had a 

northward movement, the  minus velocities indicate that  tlie water betweeii those 

stations has been retarded in  i ts  northward movement, and a s  much more a t  the 

surface than a t  the different depths as the  figures indicate. 

Fig. 34 proves that  the water near tlie continental slope, between Stat. 23 A 

and Stat. 24, has been running northwards with comparatively great velocity, especi- 

ally between Stat. 23 and Stat. 24, where for iiistance the  difference hetween the 

surface-velocity and that  a t  225 metres was 9 2 cm. per second. Betweeii Stats. 22 

and 23 A ,  the  water between the surface and 200 metres has probably been 

running very slowly northwards, bnt  between 200 and 600 metres i t  has been run- 

ning slowly i n  more or less the opposite directioil, the difference in the velocity a t  

the  surface and a t  600 metres being - 2'1 cm. per second, as computed along the  

component perpendicular to the plane of the section, i. e. the north-south component. 

Retweeii Stats. 21 A and 22 the water has &gain had a northward movement, bu t  

not very rapid, the  difference betweeii the surface aiid 600 metres being only 3'8 cm. 

per second. But between Stats. 20 B and 21 A the  water was moving rapidly in  

the  opposite direction, especially between 400 metres and 600 metres, where the 

difference increased from -- 2'4 to - 5'6 cm. per second. Between Stats. 20 A and 

20 R the  water was  novi ing rapidly northwards, the  difference in velocity between 

the  surface and 600 metres being 9'8 cm. per secoild. 

These computations are naturally based iipon the supposition that  

the " waves" in the isopyknals of the section are not due to any lcind 

of wave-action, but are caused by some kind of horizontal vortex- 

movements, or by local retardations in the current, which alter its 

velocities and directions. 

This example may be sufficient to explain how very complicated 

the movernents of the water seen in a section, may actually be. 

I f  our view be correct, namely, that  the great "wavesz" seen in 

our Lofoten sections, indicate cyclonic vortices in the water of the 

Atlantic Current, i t  is probable that  similar vortices may be formed 

in this current farther south, and inay also there appear as "waves" 

in the sections. I n  the two sections seawards from Helgeland, of May & 

June, 1903 and 1904 (Figs. 3, Pls. XXI A & XXIV A) there are no 

waves " of this kind, a fact which may indicate that  the current usually 

has a very straight course just in this region, as i t  meets with little 



124 HELLAND-HANSEN AND NANS'EN [REP. NORIV. FISH. 11 

resistance; but i t  is of course possible that if the distances between 

the stations had been shorter, some " waves " inight have appeared 

in the sections. 

The section seawards from Stad of June, 1903 (Pl. X X I  A, Fig. 2), is 

very like the Helgeland sections in this respect, and exhibits no " waves " ; 

but i t  is possible that  if, for iiistance, there had been stations between 

Stats. 31, 32, and 33, the equilines might have had different shapes. 

I n  the section of November, 1903 (Pl. XXII I ,  Fig. 3)) through almost 

the very same region, there are marked indications of " waves ". I n  

the section somewhat farther south, off Stad, of June, 1904 (Pl. XXIV A, 

Fig. 2), there is a very high "wave" by which the Atlantic water is 

divided into two masses, one smaller near the continental slope, and 

one greater mass on the seaward side of the wave. We consider i t  

probable that  in this case there has been a well developed cyclonic vortex- 

movement, which has carried the latter greater mass of Atlantic water 

seawards from the northward-flowing current which is pressed to the 

right against the continental slope and the edge of the continental 

shelf. Just  southwest of this place, a t  the mouth of the Norwegian 

Channel, this shelf has a deep embayment, and a little beyond it, t o  the 

north-east, the continental edge begins to trend in a more northerly 

direction. The cyclonic vortex is seen very clearly in the dynamic 

charts for 100 and 200 metres (Figs. 45, 46) and also in the charts, 

Pl.  XI I ,  showing the horizontal distribution of salinity a t  50, 200, 

300, and 400 metres (see als0 the shape of the isotherms of 4 "  C., a t  

400 metres, and of 2" C., a t  500 metres). But the isohalines of these 

charts might perhaps be drawn in a somewhat different manner as is 

demonstrated in Fig. 37. If,  for instance, we look a t  the isohaline of 

35.2 O/oo in the charts for 50 and 200 ineties, we find a more rational 

explanation of the movements (agreeing better with the shape of the 

isohaline of 35.1 O/oo a t  300 metres and 35 0 O/oo a t  400 metres) if we 

give i t  shapes as in Fig. 37 instead of those in Pl. XII .  It is 

proved, for instance, by the isotherm of 8" C., that the water of above 

35.2 O/oo a t  50 metres was carried to Stat. 70 (cf. Pl. XI I )  by a 

cyclonic movement as indicated in Fig. 37. If the horizontal distribn- 

tion had been as drawn in Pl. XII ,  50 inetres, the isotherm of 8" C. 

would form a closed curve round Stat. 70 (cf. P1 XII )  which is im- 



&o. 21 THE NORWEGIAN SEA 125 

probable; while in Fig. 37 i t  is connected with the isotherm of 8"  C. 

to the east (on both sides of Stat. 39, Pl. XIT, sed als0 Pl. XXIV A, 

Fig. 2) and south, which seems natural. 

It thus appears probable that  the great bulk of water with 

salinity above 36.2 O/OO between Stat. 37 and Station 70, in the sec- 

tion in  Pl. XXIV A, Fig. 2, has been carried westwards by a cyclonic 

vortex-movement from the Atlantic Current running towards the north- 

east, along the continental slope, between Stat.  38 and Stat. 40. But 

it is a striking fact that  a t  Stats. 37 and 70, there is a thick layer 

of coast-water, with salinities even as low as 33.90 O/oo(l), resting on 

the top of the Atlantic water. This coast-water has probably also 

been carried out by the cyclonic inovement, which may have been 

somewhat complex. 
The process may have been 

as indicated in Fig. 35. Tlie water- 
*? 

masses which were originally at 100 

Stat. 38 and Stat. 37 may have 

been carried by a horizontal 
200 

cyclonic movement towards Stat. 70 300 
and Stat. 69, as indicated by the 

brokeii-lined arrows n, b, andc,mhile 4On 

the water-masseswhichwere origin- 
500 

ally in the region of these stations 

have been cmried by the same Lsoo 

cyclonic Stat. Fig. 35. Section seawards from Stacl, June, 1904. 
37 and Stat. 38, to replace the The arrows indicate horizontal cyclonic 
first.iuentioned water, as indicated vortex-movements (with vertical axes). 
hy the arrows d, e, and f. A little 

later a volume of coast-water has also been carried out by the cyclonic movement 

(as indicated by the arrow g) from the area between Stat. 38 aiid Stat. 39 towards 

Stats. 37 and 70, where i t  has accrimulated into a thick layei resting on water with 

a temperature below 8O C., this having probably come from the west, as indicated by 

the arrow d. By the removement of the surface coast-water from Stat. 38, water with 

a salinity of even sbove 35'0 '/o0 has beeii lifted to the surface at  that place. 

Small vortices have evideiitly also been formed farthei west between Stat. 69 
and Stat. 67, as indicated by the arrows h-m. 

The section seawards from Aalesund, of February, 1901, is in the 

same region as the last mentioned section, only a little farther north 

(cf. Pl. 11). It shows somewhat similar conditions and a sirnilar great 

(1) In Pl. XXIV A, Fig. 2, there is a misprint of 35'90 iiistead of 33'90 in the 
surface-salinity between Stat. 37 and Stat, 70. 
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Fig. 36- Isohaline ol 36.0 O/,, in the Section from the Sognefjord towards Iceland, 

May. 1901, 1902. 1903, and 1904. 

"wave". The Atlantic water with salinities above 35.2 O/OO is here 

only present in the mass of water on the outer side of the wave, 

whither i t  1001~s as jf it had then all been driven; but if there had 

been stations between Stat. 5 and Stat.  4, i t  is very possible that 

another volume of this water would have been found there. 

The charts of the horizontal distribution of salinity and temperature in  Pl. 

IV, ought to have been drawn differently, e. g. the water a t  Stat. 6 with salinity 

below 36.1 O/oo at  300 metres, and below 36'0 '/o0 at  400 metres, might have come 

in from the south-west if there has been a cyclonic movernent of the water, and 

should not have been drawn as isolated patehes. But it is also possible that the 

Atlantic water with salinity above 35'2 '/o0 lias originally been nearer the siirface, 

with a wider distribiition towards Norway, but has siiddenly, e. g. by a gale, been 

carried seawards and has accumulated a t  Stut. 8, in which case the iinderlying water 

a t  Stat. 6 has been lifted to form the "wave" sepn in the section. 

I n  most sections from the Sognefjord towards Iceland, a large 

"wave" appears, which in some sections, e. g. that of May, 1901 

(Pl. XVI, Fig. l), divides the water of the Atlantic Current almost 

into two separate masses. W e  consider i t  probable that this apparent 

"wave" in the sections is due to a great vortex-movement which 

frequently occurs in this region; but the axis of the vortex is not 

always in the same place. This is seen in Fig. 36, in which the 

isohalines of 35.0 O / o o  hare been introduced from the four sections of 

May, 1901, 1902, 1903, and 1904. The same great "wave" ocurred 

in May, 1905 (cf. Fig. 52). To judge from these sections, there may 

also be a great difference in the velocity of the vortex-movements. 

If the distances between the stations had been shorter the equilines 
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Fig. 37. Horizontal Distribution of Salinity and Temperature. and possihle Vortex- 
Movements, May-June, 1904. Single hatchirig for salinity from 35'0- 

35'2 O/,,; cross hatching for salinity above 36'2 O/,,. 
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woald probably have exhibited more srnaller " waves ", as is proved by 

the isohaline of May, 1904. 

I n  Fig. 37 we have made an atteinpt to draw the chsrts of the 

horizontal distribution of salinity and temperature, for May ck June, 

1904, as we think they might be drawn, supposing that all the 

"waves" seen in the sections indicate cyclonic vortex-movements. 

This supposition is of course not correct, and there might be many 

vortices, especially small ones, in these charts, which did not exist; 

but nevertheless these charts may give some idea of what actually 

takes place in the sea. Only a comparatively small portion of the 

Atlantic Current, near the continental slope and the edge of the 

a continental shelf, is actually running forward with more or less 

velocity, The greater part of the Atlantic water seen in a transverse 

section of the current, is in small or great vortex-movements, aiid is 

orily to a small extent carried forward in  the directioii of the current; 

and it is gradually intermixed with the waters a t  the sides, in conse- 

quence of the complex inovements. 

The arrows in Eig. 37 indicate the directions of the impulses 

creating the vortex-movements. 

W e  have talcen the charts of May & Jniie, 1904, as examples, 

there being most stations that year; but we think that the shape of 

the curves in many of the charts for the previous years, Pls. 111-XI, 
I 

coidd have been altered in the manner indicated in Fig. 37, in order 

to give more correct representations of the actual moveinents of the 

waters. But we consider i t  innecessary to go into further detail in 

this respect, as the manner in which the curves ought to be altered 

lis easily seen. 

3. Necessitg of Numerous Stations. 

All that  has been said in the preceding pages proves clearly that  

the horizontal distribution of salinity and temperature in the sea is 

very coinplicated, and much more "irregular" than has hitherto been 

assumed. The conditions may often vary considerably a t  places with 

short distances between them. It is comparatively easy, for instance, 

to draw the isohalines and isothernis in surface-charts, i£ the observa- 

tions be few and far apart. The equilines will then have very 
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distinct and regular shapes, and i t  appears to be easy to draw 

general conclusions as to the horizoiital distribution and movements 

of the different waters. But if there be numerous surface-observa- 

tions, the task becomes much more difficult, and it is often iinpossible 

to say with certainty how the curves ought to be dra,wn. The picture 

thus obtahed may be qilite different from that which was based 

l upon few observations; and i t  proves that  the conclusions drawn from 

the few observations were more or less erroneous. As examples may 

be mentioned our surface-chart of May & June, 1904 (Pl. XI I ,  or still 

better Fig. 37), as compctred with that  of Jiily-September, 1900 (Pl. 

111). As a general rule i t  niay be said that  the more observations 

one has, the more complicated will be the picture obtained. 

But this is the case not only on the sea-snrface but als0 in the 

deeper lying strata. Our inany observations from the several years 

prove clearly that  the conclusions which might be drawn, as to the 

distribution of the waters, from observations taken a t  a few scattered 

stations, are of little or no value, because the conditions may differ 

entirely a t  two stations situated only a short distance from each other, 

cf. e. g. the difference between Stations 4 and 5 off Feje, in May, 

1901 (Pl. XVI, Fig. 1). 

The section across the Færoe-Shetland Channel, of May, 1903 

(Pl. XXI B, Fig. 1) proves clearly the correctness of our view. The 

two Scotch Stations, Se. 19 B and Se. BO A, were only some 10 miles 

apart, and were taken on the same day, May 31st, 1903(1). The 

following observations were made amongst others : 

(1) Stat. Se. 19 B' was taken May 31, 6 p. m.-7 p. m., in  60° 45' N. Lat., 
3' 60' W. Long. Stat. Se. 20 A was takeu May 31, 2 p. m.--3 p. m. in 60' 38' N. 
Lat., 3 33' W. Long. 

17 

Sc. 19 B Se. 20 A 
- 

Depth t o  C. 1 S.  / t O C 1 S. O/oo 
P- 

l !  
O 9'06 36'34 9'66 36.38 

100 / /  7.68 '26 8.70 '31 
200 
300 
400 
600 

6.86 
6.25 
4'68 
1'44 

8'30 
8'22 
7.70 
6.95 

. l7  

. l 6  
'02 

34'96 

'31 
.27 
'24 
'18 

l 
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These great differences give the equilines peculiar shapes with 

unusually steep slopes between the two stations. If Stat. 8 6 .  20 A 
had not bcen taken, one would have obtained qiiite a different picture 

of the conditions a t  depths 

between 300 and 500 inetres, 

over the slope of the Shetland 

Bank. 

Helland-Hansen has al- 

ready pointed out [l9041 how 

a single station taken between 

two others may entirely alter 

m 6 6 7  
the appearance of the section. 

Ke has used as an example 

the section seawards from Stad 

taken in .Tune, 1904 (Fig. 38, 

A, cf. Pl. XXIV A, Fig. 2), 

and has shown what very differ- 

ent pictures this section would 

give if every other station were 

left out, that is to say either 
N 66 870. #J& ~ $ 0  leaving oi i t  Stats. 40, 38, 70, 

68, and 55 (Fig. 38, R), or 

using the.qe stations and leaviilg 

out the others (Fig. 38, C). 
These three figures ought to 

have given approximately the 

same pictnre, if they had been 

in any way trustworthy repre- 

Fig. 38. Sectioii seawards from Stad, June. sentations of the distribution of 
1904. Showing differences i f  every salinity and temperature in this 

second station be left out. 
part of the sea in June, 1904. 

The distances between the stations are no greater than inight seem reason- 

able. I n  Fig. 38, B and C, the average distance between them is about 

50 miles, while in Fig. 38, A, i t  is 25 miles. which is much shorter than 

is usually the case in oceaiiic sections. The sections in Fig. 38 B or 

C look quite as trustworthy, as many sections we have from the 
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previous years and the distances between the stations are no greater; 

but if we had had only the olle or the other set of stations, we should 

have drawn widely different conclusions as to the volnme and move- 

ments of the water of the Norwegian Atlantic Current in that  season, 

and both results would differ much from the conclusions in these 

respects drawn from the combination of all our stations, as repre- 

sented in Fig. 38, A. 

Another good exatuple proving the importance of numerous sta- 

tions a t  short intervals, is the section seawards from Aalesund talcen 

in February, 1901 (Pl. XV, Fig. 1). During the seaward voyage, the 

Stations 3, 4, 5, 6 and 7 were taken; but a t  Stat. 7 the ship met 

with such a heavy gale that she had to turn baclc. On the return 

voyage, Helland-Hansen inanaged, however, in spite of the gale, to 

take Stat. 8, between Stats. 6 and 5. It is easily seeu what an 

enorinous difference this single station malces in the appearance of the 

section. Without i t  there would hardly have been any water with 

salinity above 35.2 Oloo ,  and the equilines would have had quite a 

different shape. It is probable, however, that  the section, even as i t  

now is, gives no trustworthy representation of the real conditions a t  the 

time. More stations would certainly have altered the picture greatly. 

Stations between Stats. 4 and 5 might for iilstance have given another 

great volume of water with higher salinities. 

The facts mentioned above are sufficient to prove how very diffi- 

cnlt i t  is to obtain really trustworthy representations of the distribu- 

tion of the different kinds of waters in the sea. They also prove how 

utterly inadmissible i t  is to  draw conclusions as to extension or 

variations in the currents from a comparatively small number of obser- 

vations, as some previous authors have had a tendency to do. It 
would, indeed, be a remarkable chance if such conclusions wei-e not b 

quite misleading. 

As long as we do not know more about the "irregularities" in 

the distribution of the waters, whether they be boundary-waves or 

vortex-moveinents or something else, we cannot recommend any reliable 

method for determining the distribution and volurne of the different 

waters in the sea. All we can say a t  present is: Take as many sta- 

tions as possible with the shortest possible distances between them, 
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and also, a t  any rate a t  some of the stations, repeat as often as 

possible the observations from the saine depths a t  different hours of 

the day and night, in order to find out whether the different strata 

have changed their level during 12 or 24 hoiirs. 

With a great number of stations thus taken, one might hope to 

obtain sections giving fairly trustworthy representatioris of the real 

conditions a t  the time. Even then, however, i t  must be remembered 

that  the conditions appear to change, often very rapidly, so tha t  after 

some days, they may have altered much. If ,  for instance, numerous 

vortex-movements be formed in a current a t  certain intervals of time, 

i t  might make a great difference whether the section happened to be 

taken a t  a moment when these vortex-movements are well developed, 

or while there are none (cf. the differeiice between the sections sea- 

wards from Stad, June, 1903, and June, 1904). 

It is als0 possible that by some such movements the waters of 

a current may be more or less cut off a t  certain moments, and be 

replaced by quite different water coming in from the side. This appears 

to be the case sometimes in the F~roe-Shetland Channel where in 

some sections the water of The Atlantic Current seems to be much 

reduced on the Shetland side, while a t  otlier times i t  seems to fil1 

almost the whole channel. 
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The Norwegian Atlantic Current. 

tlantic water, with salinities above 35.0 O/oo, enters the Norwegian A .Sea through three openings,  vi^. the Færoe-Shetland Channel, the 

opening between the Eæroes and Iceland, and Denmark Strait. The 

water passing through the two first-named openings advances north- 

wards through the eastern part of the Norwegian Sea as the Nor- 
wegian Atlantic Current (or the "Gulf-Stream"), while the Irminger 
Current passes through Denmark Strait and enters the Norwegian Sea 

north of Iceland. As none of these entrances are deeper than 550 

metres (about 300 fathoms),(l) Atlantic water cannot enter the Nor- 

wegian Sea below this depth; and if "35-water" is found a t  greater 

depths, it must be due to vertical movements of some kind. Mixing 

processes in particular will caiise a sinking of the 35.0-isohaline in some 

parts of the sea. 

The course and extent of the currents is chiefly studied by the 

distribution of temperature and salinity. We have pointed out above 

(p. 11% et seq.) that both the peculiar shape of the equilines, and the 

dynamical calculations, show that the Atlantic water to a great extent 

forms cyclonic (or anticyclonic) vortices, and that, as a consequence, 

great or small portions of this water flow in a direction more or less 

(1) The northern branch of the Irmin.ger Cur~ent, which enters the Norwegian 
Sea, is not so deep. It runs tomards the north and north-east over the eastern part 
of the Iceland-Greenland Ridge, near the Iceland coast, and according to our sectioii 
of i t  (Pl. XIV B, Fig. 2) its depth in Aiignst, 1900, (Stat. 14) was hardly more than 
240 or 260 metres. The volnme of this branch is evidently very small, aa is proved 
by our sectipn, and it is of comparatively little importtmce, 
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different to that  of the Norwegian Atlantic Current in general. Such 

vortices are found in many parts of the Norwegian Sea, and, in our 

opinion, are quite ordinary phenomena, to be met with almost every- 

where in the ocean. But if this be true, i t  is obvious that  we cafinot 

draw conciusions as to the volume and deveiol9ment of the currents from 

the distribution of salinity and tenzperature alone. A section ta l~en  trans- 

versely to the main direction of a current will thus often show a great 

lateral extension of the water characteristic of the current, but very great 

portions of this water will flow in other directions and only a small 

part of it in the main direction. Such a transverse section will there- 

fore often cut the waters carried by the same current several times, 

and the apparent extension as shown by the isohalines and isotherins 

of the section inay therefore be, say, twice as large as i t  wonld be if 

the vortices did not exist. W e  have already stated above (p. 128) that  

a great number of stations is necessary in order to procure sufficient 

material for a thorough study of the currents. It is necessary to have 

many stations not only along one seetional line, but also in different 

parts on both sides of this section. We must, in other words, have 

observations collected from different points of an area, and not only 

along one line; and the stations must not be too far apart. Our 

material does not fulfil these requirements, and i t  is therefore iinposs- 

ible for us t o  finally solve important questions as to the seasonal and 

annua1 variations in the strength of the currents. 

l. Course and Extent of the Current. 

The conditions in the area between the Feroes and Iceland are lcnown 

from the Danish and Norwegian observations in August, 1902 (Pls. VII, 

XIX), May and August, 1903 (Pls. IX, X ,  X 1  B, XXII),  and May, 1904 

(Pls. XII ,  XXIVB). Some important features are cornmon to all these 

diagrams and we shall especially ca11 attention to the following: The 

equilines are crowded along the Fzeroe-Iceland Ridge; to the south of 

the ridge the salinities and temperatures are very high and the den- 

sities low as coinpared with the conditions north of the ridge; the 

equilines of the sections slope from the snrface more or less steeply 

southwards towards the bottom; the charts show a soiithward "bight" 
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l in the equilines in 63 "-64" N. Lat. and IQ0--12" W. Long, this 

l "bight" being sitilated just a t  a pplace where a submarine channel is 

found, separating two elevations or subinarine "hills" (see Pl. I); the 

sections show a " tongue " of water, with salinities below 34.90 O/OO, 

over the northern slope of the Pæroe-lceland Ridge. This " tongue" 

having a characteristic shape, and sloping more or less steeply south- 

wards parallel with the eclnilines. I n  the following pages, we shall 

use the names "bight" and "tongue" in the sense here inentioned. 

1 The sections of May, 1904, Pl. XXIV B, Figs. 3-7, may be especially referred 

i to, as examples. The numbers af these Figiires correspoiid to the situation of the 

sections, Fig. 3 representing the easteriimost sectioii, from the Freroes northwards, 

i and Fig. 7 the mesteriimost section, not far from Iceland (cf. Pl. XII, Fig. 1). The 
sectioiis in  Figs. 3, 5. m d  7, lie north and soiith, while those in Figs. 4 and 6, situated 

between them, are north-east aiid soiith-west in direction. 

The shape of the isopylrnals proves that the Atlantic mater a t  the snrface 

must riin eastwarcls in relation to the water near the bottom,(l) i. e. the xvnter has 

beeii flowing towards the east witli velocities that liave been clecreasing downwarcls, 

or, if i t  has beei1 running towards the west, with velocities that have bcen iiicreasing 

dowiiwards. The Atlantic water near the F~eroes has undoubtedly been moving i11 

an eastmard directioii (Fig. 3, Stats. Da. 2 and Da. 3); i t  forms a direct continuation 

of the mater seen a t  the Stations Da. 6-Da. 9 in the sections fmther west (Figs. 4 

and 6). The teniperatures, aud probably also the salinities, decrease a little from the 

western Stations Da. 7-9 (Fig. 6) to the Stations Da. 2 & 3 (Fig. 3) farther east, as 

would be expected. Fig. 6 represeiits a sectioii farther r e s t  in the region of the 

"bight" mentioned above. The distribiition of the Atlantic water in tliis sectioii 

differs much from that in the two sectioiis to the east and is much smaller; the 

sliapes of the isopylziials also prove that the conditions are diffcreiit and tliat there is 

another movemeilt of the waters. The waters xvith saliiiities ahove 36'1, and 36.0°/oo, 

evicleiitly belong to the same volume of Atlantic water that occurred at  Station3 Da. 

14 and Da. 15 in the section to the west (Fig. 7); and it has been separated from 

the much greater volume of Atlantic water in the sectioiis to the east (Figs. 5 and 4) 

by the "bight" mith mater of lower salinities. We consider it, therefore, probable 

that the shape of the isohaline of 35'2 O/oo oiight to have beeii somewhat altered in 

the charts for the siirface, for 50 and 100 metres (Pl. XII). The "bight", with lower 

salinities, should have made a bend east of Stat. Da. 12 as in Fig. 39, and should 

not have passed west of this statioii as in Pl. XII. The isohaline of 36'1 O100 a t  200 

metres shonld have had a similar shape, while at  300 and 400 metres the isohaliiie 

niay have had shapes like tliose drawii in Pl. XII.(2) 

(1) In  the followiiig pages wheii disciissing the direction and velocity of the 
water-movements, as indicat,ed by the grailients of the isopykilals, we assnme that the 
Ilydrostatic eqiiilibrium conditional on the movements, has been attained. 

(2) We thinlr that there are iiidications of the "bight" heving had similar shapes 
in other years also, especially in Augiist, 1903, (Pl. X, siirface cb 60 nietres, Pl. 
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Fig. 39. Horizoiital Distributioii of Salinity at  100 Metres, May, 1904. The arrows 
indicate the probable movement of the \vaters a t  this level. 

The assumption that i t  is the same volume of Atlantic water a t  Stat. Da. 12 as 

at  Stats. Da. 14 and Da. 16, agrees well with the temperatures and salinities. Let 

us assume that the course of the Atlantic water has been from Stat. Da. 15 to Da. 12, 

and thence south of Da. 14, as indicated by the arrow in Fig. 30. 

The following Table shows a decrease of teinperature, and to some extent als0 

of sdinity, from Stat. Da. 16 to Da. 12. Stat. 14 is situated nearer the centre of the 
vortex; biit even here there is upoii the whole a decrease from Stat. Da. 12. This 

seems to iiidicate that the Atlantic water has been moving in the direction iiidicated 

in Fig. 39, and has been somewhat cooled oil its way, and that there has been a slight 

intermixture with the water on the onter side of the aiiticyclone, which has lowered 

the salinity a trifle. 

XXII, Figs, 6 & 6), and perhaps also May, 1903 (sections Figs. 6 & 7, Pl. XXI H). 
In the latter case the movement of the water a t  Stat. Da. 13, has probably had aii 
eastward compoiient (Fig. 7). which, holrever, is not seen in Fig. 6 (Pl. XXI B), prob- 
ably because the distance betweeii the stations has beeii too great. 
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I The sectioiis in Figs. 6 and 6 (Pl. XXIV B) also prove that the movement of 

the water has been as assumed above. The water below 260 metres betweeii Stats. 

Da. 13 and Da. 1 2  (Fig. 6) must have come from the "bight" (see chart for 300 metres 

Pl. XII); i t  cannot have come from the sea to the east of it, as in  the sections shown 

in Figs. 6 and 4 there is murh less of this kind of water. The inclination of the 

isopyknals between the two stations prove that the surface-layer must have been moving 

slowly towards the west or north-west as compared with the deeper strata, i. e. the 

relative movement of the strata must have har1 a north-westward component (at right 

a,ngle to the direction of the section) near the surface. The explanation is probitbly 

that between the two Stations (Da. 13 and Da. 12) the bottom-strata, below the leve1 

of 260 metres, have been moving slowly along the line of direction of the section, 

or slightly more towards the south, while the upper strata of Atlantic water have 
been moving more towards the south-west or west, as indicated in Fig. 39. The isopyk- 

nals betmeen Station Da. 12 and Station Da. 11, to the north, slope in the opposite 

diiection, and indicate that the surface-layer has been moving more rapidly towards 

the south-east (se Fig. 39) than the deeper strata. 

I this manner we get a fairly rational system of movements. 

The water iii the "bight", with comparatively low salinities, inoves in 

a southerly direction. Near the surface this water makes a wider 

circuit, east of Stat. Da. 12 (see Fig. 39): but near the bottom it runs 

more directlp southwards, following the depression between the two 

elevations of the submarine ridge, rising above the leve1 of 400 metres 

(see chart for 400 metres, Pl.  XII). The surface-layers of this south- 

ward-flowing water are checked by Atlantic water running towards 

the north-east along the eastern side of the bight (see Fig. 39); but 

the deeper southward-flowing strata, with salinities slightly above or 

below 34.9 O/oo and with temperatures between 0" and 4 O C., are less 

checked by the Atlantic water, and advance farther southwards along 

the above-mentioned channel or depression, and may to some extent 

cross the Færoe-Iceland Ridge and sink into the northernmost part 
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of the deep basin of the Atlantic [J. N. NIELSEN, 1904 and 19071. 

The Atlantic water immediately to the east of the "bight" moves a t  

first northwards over the higher portioiis of the ridge, and near 64" 

N. Lat., above the north-eastern side.slope of the ridge, will be deflected 

sharply towards the east.(l) This east-fiowing Atlantic current passes 

to the north of the Pæroes; its northeril boundary is very sharply 

defined, and in about EI " W. Long. often malces another bight sirnilar 

to the first, bnt inuch less developed (cf. Pls. VII ,  IX ,  XII ) .  

Fig. 7, Pl. XXIV B, demonstrates the conditions soruewhat farther west. At 

Stations Da. 14 and Da. 15, more of the Atlantic water, with salinities above 36'2 and 

35'1 O/oo, is seen than at  Stat. Da. 12 of the former section. The bottom-layer a t  Stat. 

Da. 13, below 250 metres, is the same as a t  Stats. Da. 13 alid 12 of that section 

(Fig. 6). It has come from the north-east. The shapes of the isopyknals show, that 

tlir surfac+layers between the Statioiis Da. 13 and Da. 15 miist liave had a south- 

westward movement as compared with the deeper strata; the gradients are not very 

great, evidently because the section iii this part runs obliqnely to the direction of the 

movement, more along the current than arross it. 

Ferther north, between Stations Ila. l 5  and Da. 16, the isopyknals slope very 

steeply in the opposite direction, proviiig that the surface layers have heen moving in 

a direction that lias had a very great eastmard component as coriiparecl with the 

movement of the bottom-strata. If such Iiad not beeii the case, we must hare assumed 

that the velocity of the current was much greater near the bottom than at  the sur- 
@ face; biit this is higbly improbable, for we shoiild then erpect that the Atlantic water 

near the bottom at  Stat. Da. 15. had been swept away by water of lomer salinity, 

coming from the "bight". We may therefore draw the followiiig conclusions: 

The Atlantic water between Iceland and the "bight" inoves in 

an anticycloliic direction (see Fig. 39), with maximum of velocity 

near the surface. A sharp boundary between this warm, salt 

Atlantic water and the colder, inore diluted waters, coming southwards 

nlong. the easterii coast of Iceland, is always found near Vestre Horn 

(64" 15' N. Lat., 14" 50' W. Long.) [J. N. NIELSEN, 1908, p. 131. The 

Atlantic water met with at  this locality thus appears to come from 

the south or south-west. But farther west, along the southerii coast 

(1) The course of this eiirreiit is a good illustratioii of the dependence of the 
distribution of the waters iipou the configiiratioii of the bottom. The Atlantic water 
coming from the Atlantic side of tlie Freroe-Icelandliidge, extends farther towards the 
north-east orer the higliest portions of this ridgc, until it meets the vater of the 
Iceland Arctic Current on the north-eastern side-slope. Wherever there is a cliannel or 
an embayment in this slope, the water of the Arctic curreiit will run south or south- 
west~vards and slveep :LTV:L~ tlie Atlantic water. 
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of Iceland, the Danish iiiveatigations have proved a westward move- 

ment of the Atlantic water. A division of the Atlantic water conse- 

quently occurs somewhere off the southern, or rather south-eastern 

coast of Iceland,(l) one part of it-probably the larger part-moving 

westwards, and the other part moving towards the north-east as far 

as the latitude of Vestre Horn, where it is turned more eastwards, 

forming the anticyclonic vortex south of 64*/2 (2) N. Lat., and west of 

10 or 11" W. Long. (see Fig. 39). The conditions in the area round 

the " bight " are quite analogous to those found in the Færoe-Shetland 

Channel. 

The above conclusions have been based upon the observations of 

May. 1904. But all the observations of May and August, froin 1902 

to 1904, show altogether similar conditions, only with slight variations 

in some details. We are therefore justified in assuming that our 

conclusions hold good for the summer season in general. It is pos- 

sible that the conditions are soinewhat altered in the winter season. 

This question cannot be settled, owiiig to laclc of observations; but i t  

is not probable that there are any great variations in the courses of 

the currents. 

The Atlantic water above the Færoe-Iceland Ridge west of the 

Færoes, has, thus, to a great extent an eastward movement. A great 

part of this Atlantic water will run eastwards north of the islands, 

as is seen in the section, Fig. 3, Pl. XXIV B, at the Stations Da. 2 

and Da. 3. This water will generally be deflected to the right, and 

(1) The probability of such a division also in the surface drift current, is proved 
by the 14 drift-bottles mentioned by J. N. NIELSEN [1908, p. 81, which were thrown 
out in the sea south-east of Iceland betmeen 16 38 ' and l G O  39' W. Long., and 
6Z0 66' and 63 36' N. Lat. Three of them were found along the south coast of 
IceIand, to tlie west, the rest had drifted eastwards, and were found, one on the 
Shetlands, nine along the Norwegian Coast, and one on the Murman Coast. 

C. RYDER [l9011 mentions a number of drift bottles which were thrown out in 
the area south-east of Iceland, between 10 and 16' W. Long. and between 61 and 
64' N. Lat. Most of them drifted towards the north-west and west, to the south 
coast of Iceland, while some of them were carried eastwards towards the Færoes and 
Norway. 

(2) I t  may be that the northern edge of this anticyclone may sometimes even 
approach 66' N. Lat. At Stat. 10, July 28, 1900, in 64 O 63'  N. Lat., 10 O O ' W. Long., 
we found Atlantic water with salinities above 36'20 " / a o  down to 160 metres, aiid 
above 36.0 "/oo to iicarly 200 ruetres (cf. Pls. 111, and XIV A, Fig. 1). 
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will run into the Fxroe-Shetland Channel close along the slope of the 
Færoe Platform as Helland-Hansen has pointed out [1905a]. J .  N. NIEL- 

SEN has suggested [l9041 that this Atlantic water north of the Fxroes 

moves directly eastwards, and joiiis the main part of the Norwegian 

Atlantic Current north and north-west of the Shetlands. This rnay perhaps 

sometimes happen (l) ; but as a rule it is not the case. The observations 

from May and August, 1902 to 1904, show clearly a southward bend 

of the equilines, proving that water from the Norwegian Sea enters 

the Channel from the north, and that the Atlantic water is moving 

southwards along the eastern side of the Færoes. 

Our section, Pl. XVIII, Fig. 1, from June and Jnly, 1902, demon- 

strates this southward or south-eastward course of the current north- 

east of the Færoes. Stat. 43 was on the slope north-east of the 

islands, in 62" 28' N. Lat. and 5" 14' W. Long. The depth was 420 

metres. Stat. 42 (in 62" 37' N. Lat. and 2" 36' W. Long.) was just 

in the middle of the northern entrance to the Færoe-Shetland Chan- 

nel(2). The steep inclination of the isopylcnals between these two 

stations proves that the Atlantic water, as well as the Arctic water, 

between them, has been running in a southerly or south-easterly direc- 

tion, with velocities, which were considerably greater in the upper 

strata than at 400 metres. It is impossible that the water between 

these two stations can have been moving in an eastward direction. 

The Scottish observations form especially a good material for 

studying the conditions of the Fceroe Shetlafid @hannel. 
We shall once more take the sections May, 1904 (Pl. XXIV B), as an example. 

Fig. 1 represents a Scottish section from Fair Isle to the south of the Færoes (see 

Pl. XII), the observations beiny made between the 26th and 28th of May. Fig. 2 

shows a section farther north, from north of the Shetlands to the Færoes, the Sta- 

tions being taken on the 29th, 30th, and 31st of May. Fig. l shows two deep, nar- 

row wedges of warm salt Atlantic mater, one close to the slope of the Orlrney- 

Shetland Bank, and the other i r i  the central part of the Channel. They are separated 

(1) d r  charts for November, 1903, in Pl. XI, inight for instanoe, give the 
impression that such was the case at  that time; but it is very doubtful whether the 
isohalines niid isotherms are correct,lly drawii, especially in  the Fceroe-Shetland Cliannel, 
as the stations were far too few, and i t  is equally ],robable that there has been a 
sonthward cnrrerit along the Færoe side of the channel. 

(2) The sectiori goes very nearly due east from Stat. 43, to Bremanger in Nor- 
way. Stat. 39 mas in 62 " 23' N. Lat. and 2 a 35' E. Long., mhile Stat. 52 was 
talren 16 days later (J~ily 16th, 1902) in 62' 1' N. Lat. and 4 "  0' E. Lorig. 
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by a wedge of cold water from below, with salinities between 34.9 anil 36.0 O / o o ;  the 

same kind of water also being found close to the Færoe side-slope, below 600 metren. 

The isopyknals rise arid fall very abruptly, and their incliiiatioiis show, that the 

Atlaiitic water on the eastern side of the Channel (Stat. Se. 20 A) was moring north- 

wards a t  a great rate. The opposite iiiclination of the isopyknals bet~veen the sta- 

tioiis Sc. 19 B and Se. 19 A indicates a movement sout.hwards, while again the move- 

ment of the waters between Se. 19 A and the Fzroes had comparatively a iiorth- 

ward componeiit. The expression "directions of the cnrrents" meaiis here the move- 

ment of the surface Iayers iii relation to the deeper strata,. I t  is possible that all 

the Atlantic. water seen in the section was moving iiorthwards, with velocities that 

decreased downwards, both between Se. 20 A and 19 B, arid betweeii Sc. 19 A and the 

.Færoes; while between Se. 19 B and l 9  A the velocities increased downwards. 

But i f  this were correc,t, the velocities in tlie deeper strata between the two 

last-mentioned stations must have been very great. The fact that the maximiim 

temperatiire and salinity occurrecl a t  the srirface aiid not a t  iiitermediate depths, 

seems, however, to indicate that this was iiot the case; and the only probable explanrt- 

tion is therefore, tliat t)he water a t  this place (between Sc. 19 R aiid 19 A) \vas really 

moviiig southwnrds with velocities that decreased from the siirface dowiimards. 

There has then beeii a cyclonic vortex in the southern part of the chaiinel in May, 

1904, of the same kind as those mentioned in Chap. VI, f, and illustiated in  Fig 37. 

This is clearly demoiistrated by the charts, e .  g. from 200 to 600 metres, on 1'1. XIT. 

The movements of this vortex must have been very rapid, brit the vortex itself would be 

rather narrow, as will be seeil hy a coniperisoii of Fig. 1 with Fig. 2 (Pl. XXIV B). 

In the latter figrire iio ~vedge of Atlantic water occurs in the ceiltral part of the 

section, while that on the easterri side of the Chaniiel seems to be miich broader 

thaii i t  was in the southern sectioii. I t  is possible thoiigh not probable, that observa- 

tions between Stations 8c. 13 A and Se. l 4  A ~vould have altered the figure coii- 

siderably. The inclination of the isopyknals, as they are drawii in Fig. 2, sho~vs a 

northward movement of the Atlaiitic mrater in the ea.stern half of the Chaniiel (Sc. 

16 A-Se. 13 A), a smil1 soiithward coiiil>oiient of the movement betweeii Sc.16 A 

arid Sc. 16 B, :ilid between Sc. 16 B aiid tlie Fxroes agaiii a moveiue~it towards the 

north, or rather towards the iiorth-east or east. The Atlaritic water in the section in 

Fig. 3 (Pl. XXIV R), a t  the Danish Stations 2 nnd 3, was observed on the 9th :tiid 

10th of May, i. e .  three weeks before the Scottish observatioi1s were made. During 

this time considerable clianges may have taken place. I t  is probable that Atlantic 

water, similar to that foiind north of tlie Færoes oil May 9t8h, flowed towards the 

soiith or south-east during tlie latter part of the montli, but oiily for a comparatively 

short distance, uiitil i t  met with the Alantic mater coming from the south and south- 

west, which forced it  eastwards across the Chaniiel. 

In Aiigust, 1903 (1'1. XXII), the conditious iri the Fzroe.Shetl,ziid Chaniiel 

were, iipoii tlie whole, analogous to those found iii May, 1904. The water t,hat had 

come roiind the Færoes to the iiortli saemed theu to advance farther south than in 

the latter seasoii, biit otherwise the conditioiis \vere very sirnilar. I t  is dilficult, 

however, to determine whether the vortex in the soutliern part of the Cliannel had a 

cycloiiic direction LIS siipposed in Mag, 1904, or an anticyclonio direction, as drowii on 

the charts on Pl. X. The section (1'1. XXII, Fig. 2) might in both cases liave had 
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the same appearaiice. More investigations, especially farther south, wonld have been 

necessary iu order to settle this point. 

The sections of May, 1903 (Pl. XXIB), show some peculiarities. Fig. 2 is 

especially interesting, and shows a wedgeshaped mass of very salt Atlantic water east 

of the Færoes. This is shown only by the observatioil a t  the Daiiish Station 1, 

made a month before the Scottish observations on which the section is otherwise 

based. I t  is very probable that great changes have taken place between May 2nd 

(Da. 1) and 30th (Sc. 16 A and 15 B), and thnt ar1 erroneous representation of the 

conditions has been obtained by introducing the Danisli station into the section to- 

gether with the Scottish stations. If Stat. Da.1 had been left out, Fig. 2 would 

hare had very nearly tlie same appearaiice as Fig. 1. If this be done, these figures 

will indicate that the Atlantic water in the easterii half of the Channel was moviiig 

northwards, and the water with lower salinities i11 the western half southmards. 

Much the same conditions are found in the sections of August, 1902 (Pl. XIX, Figs. 

2 and 3). At that time the central part of the Channel was covered with a siirface- 

layer of water with comparatively low salinities (below 35'0°/oo), which had come 

from the north and was remainiiig, almost stationary, in the centre of the cycloiiic 

vortex formed by the soutliward current along the Færoes and the iiortliward cnr- 

rent along the Slletland side [HELLAND-HANSEN, 1905al. 

The observations dealt with here may be summarized as follows: 

The main portion of the Norwegian Atlantic Current enters the 

southern part of the Færoe-Shetland Channel riinning towards the 

north-east, or to some extent east. It generally keeps close to the 

Shetland Bank. Vortices are sometimes formed in the Channel (as in 

May, 1902 and 1903). A smaller voluine of Atlantic water enters the 

northern part of the Channel, running towards the south or south-east 

(or perhaps sornetimes due east). and joining the main body of the 

current, which thus, in the southern part of the Norwegian Sea, consists 

of water that has come from both the south and the north of the Pæroes. 

The conditions in the Channel inay change rapidly, even down to great 

depths. In  August, 1903, for instance (Pl. XXII, Fig. l), the bottom- 

water generally found there, had cluite disappeared from the southern 

part of the Channel; and a t  1000 inetres, the salinity was then 

35.03 O/OO, and the temperature 1.7  " C., instead of 34.92 O/oo and aboiit 

- 1 " C. [ROBERTSON, 1905. Cf. HELLAND-HANSEN, 1905al. 

Ofshoots into the North Sea, from the Norwegian Atlantic Current, 

are met with north and south of the Shetlands. It will be seen in 

the charts for August, 1902 (Pl. VII), May, 1903 (Pl. IX), August, 

1903 (Pl. X), November, 1903 (Pl. X I ) ,  and May, 1904 (Pl. XII), that 

the isohalines inake a bend east- and soiithwards at the Shetlaiicls. 
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Between the Orkneys and the Shetlands (round Fair Isle) there are 

generally lower salinities than on both sides, in the Channel and in the 

North Sea. ROBERTSON 11905, 19071 and others have suggested that 

the chief influx of Atlantic water into the North Sea, takes place 

throiigh this entrance south of the Shetlands; but it seems more prob- 

able that the chief influx takes place from the Norwegian Sea, north 

of the Shetlands as has been suggested by Helland-Hansen [l905 a]. 

I n  this region a continuous mass of very salt water is running south- 

wards towards Scotland during most seasons in which investigations 

have been carried on (cf. Fig. 39). There .are obviously rather great 

variatioiis in this influx, seasonal as well as annual. From the Scottish 

observations in 1902 Helland-Hansen discovered [1902, 1904, 1905,al 

that the bottom-water of the northern North Sea is Atlantic water 

that has come round the Shetlands soiithwards, in autumn and winter. 

It has got temperatures below 7 " C., partly by vertical convection 

currents in winter(l), and partly by a slow transmission of the low 

temperatures (by conduction) from above.-Some Atlantic water is als0 

given off to the Norwegian Channel, where recent ciirrent-measurements 

have shown a inovement towards south or south-east in the deeper 

strata (see Chap. VIII). 

I n  the Norwegian Sea, the main body of the Atlantic Current 

keeps close to the continental slope. The great difficiilty in determin- 

ing the voluine of the current in a transverse section, on account of 

the irregularities caused by the vortex-movements and possible sub- 

surface waves, has already been pointed out; and i t  was stated that 

vostices were in all probability often forined a t  various parts of the 

Norwegian Sea, e. g. north of the Shetlands (62" N. Lat.), off Sond- 

mare (63"-64" N. Lat.), and off Lofoten (67"-68" N. Lat.). Such 

vortices have obviously some connection with the bathymetrical features 

of the sea-basin, as als0 with the currents on both sides. 

The Norwegian Altantic Current is deflected to the right by the 

rotation of the Earth. When leaving the Færoe-Shetland Channel it 

passes Tampen (see Fig. 8) and crosses the entrance to the Norwegian 

Channel in a direction inore easterly than iiortherly. I n  about 63" 

(1) The bottom-water of the northern Nortli Sea has thus, as to its formation, 
some resciuhlance to the bottom-water of the Norwegian Sea and the Barents Sea. 
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N. Lat. the direction of the continental slope alters from east and 

slightly north to almost due north; and the direction of the current 

must therefore be altered too. It seems probable that  a part of the 

current is thereby forced backwards so as to form a cyclonic vortex, 

as shown in Fig. 37. Above the V+in,y-Plateau (Fig. g), the eastern 

portion of the cnrrent follows the continental slope towards the north 

and north-east, while the western part of i t  is deflected towards the 

north-west and west, along the Helgeland Riclge. The sections sea- 

wards from Lofo.ten therefore always show a mach larger sectional 

area of Atlantic water than the sections farther south, as both 

bianches of the cnrrent are cut by the sections, the northward one 

alinost transversally, and the westward one more or less longitudinally. 

The latter branch is clearly shown in a nuinber of the charts (Pls. 111, 

V, VI, VII I ,  I X ,  X,  XII ,  i. e. in all charts in which observations 

along lines traversing the Norwegian Sea in these latitudes have been 

introduced). The westward movement by and by becomes more south- 

ward. This part of the Atlantic water meets with the wa,ter from 

the East Iceland Arctic Current, and is probably agaiil carried north- 

wards (cf. Eig. 39). I n  this manner a cyclone is formed in the southern 

half of the Norwegian Sea, with its centre a t  from 63 to 66" N. Lat. 

and from O to 4" W.  Long. This is the most characteristic feature of 

the southern half of the sea. The cyclone is evidently a constant 

phenomenon subject only to variations in detail. Being a feature of 

great importance, i t  will be treated more fully in a later chapter (X). 

Water from the Norwegian Atlantic Curreiit covers the deeper 

hollows and submarine fjords of the contilzelztal shelfoff western Norway. 

Between Nordmore (Storeggen) and the Lofoten Bank, the " edge" of 

the shelf, where the continental slope begins, lies from 300 to 400 

metres below the sea surface. All parts of the shelf lying deeper than 

200 metres are covered by water with salinities of more than 35 O/oo, 

as are also all those parts of the shelf which have a depth of 200 

i~ietres or more. This is seen in all the charts for 200 and 300 metres ; 

the Atlantic water occurs everywhere along the Norwegian coast close 

to the 200 and 300 metres' contours in these charts. The same 

Atlantic water will be found in the deeper parts of the Norwegian 

fjords, if these are not separated from the Ocean by a high tlireshold 
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or sil1 a t  the eiltrance. This Atlantic water in the fjords and over 

the continental shelf is always covered by the coastal water. The 

coastal water (which will be especially discussed in the next Chapter) 

has salinities which constantly iiicrease from the shore seawards, owing 

to intermixture with the Atlantic water below. Some part of the 

Atlantic water is thus carried away by the Tipper water-layers, with 

lower salinities, and has to be replaced by renewed influx. I n  this 

manner a constant, though slow, eastward influx of water from the 

Norwegian Atlantic Current will be created, and pass along the bottom 

across the continental shelf towards the coast, as a kina of "Reaction- 

Current", under the top-layers of coast water. 

The main part of the Atlantic Current follows the contirze~ztal 

slope, as already mentioned. This slope is alinost everywhere rather 

steep down to 1000 metres or more; and the upper part of i t  is covered 

with Atlantic water. The depth of the current, or is1 other words, 

the depth to which the slope is covered by Atlantic water, varies coil- 

siderably. When compasing all the different sections of Norway, i t  

will be seen that  the lower isohaline of 35.0 ' /o" is generally much 

deeper in the northern sections, off Lofoten, than in the southern, off 

Feje or Stad. I n  the sections off Feje (Sognefjord), the northern 

part of the Shetland Platform-" Tampen "-is seeii as a submarine 

ridge (e. g. a t  Stat. 3, Pl.  XVI, Fig. 1). The 35.0-isohaline will be found 

west of this ridge a t  depths varying between 350 metres (May, 1901, 1 
i Pl. XVI) and 550 metres (November, 1903, Pl. XXIII) ,  the depth being 

generally about 400 metres. The same isohaline, in the Lofoten Sec- 

tions, is a t  depths betwee~i 450 metres (May, 1904, Pl. XXIVA) and 

900 metres (February, 1901, Pl. XV), generally about 700 or 800 snetres. 

Coincidently with the sinking of the isohaline of 35.0 ' / o 0  northwards, 

there is a decrease in the maximuin salinities of the Atlantic water. 

Great masses of water with salinities above 35.2 '100 are generally found 

in the southern part of the Norwegian Sea, but this high salinity 

gradually disappears on the way n o r t h ~ a ~ d s ,  oilly very little of i t  being 

found, upon the whole, in the sections froin Lofoten. Still farther 

noith, off Fininark or Bear Island, such high salinities are very rarely 

met with, and even water with salinities above 35.1 '100 is only seldom 

observed there. This proves that  the Atlantic water inust have been 
19 
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intermixed with other waters to a very great extent. W e  have already 

inentioned that  coast water and Atlatitic water are intermixed oil the 

eastern side of the Atlantic Current; biit the Atlantic water is inter- 

mixed to a still greater extent with Arctic water and with central 

waters on the western side of the current, and with bottom-water on 

its underside. 

The Arctic water is brought, by the East Iceland Arctic Current 

along the northern slope of the Paeroe-Iceland Ridge, into coiltact with 

the Atlantic Current already in the northern inouth of the F ~ r o e -  

Shetland Channel. By the numerous great and small horizontal vor- 

tices (with vertical axes) formed during the northward course of the 

Atlantic Current (see Chap. VI,,fi and Fig. 37), its waters must be 

continnally inore and more iiitermixed with the Arctic water and with 

what we hamve called the central waters which come into these vortices 

from the west. 

The sinking of the isohaline of 35.0 '/oo to the great dept,hs de- 

monstrated by the Lofoten sections (meiitioned above) proves that  tlie 

interniixture of the Atlantic water with the nnderlying bottoin-water 

is very considerable. It must essentially be due to the occurence of 

iiuinerous vertical vortex-inovements (with horizontal axes). By the 

horizontal vortex-movements a similar intermixture with the uiiderlying 

bottom-water is also produced. 

It thus appears probable that  vortex-movements, botli horizontal 

alid vertical, are of the very greatest importance in the whole dynamic 

econoiny of sea-curreiits; and they probably also explaiii to a very 

great extent the enorinous resistaiice in the sea, which, as all theo- 

retical calculations prove, the currents have to overcome, siiice other- 

wise they would flow with great velocity (cf. NANSEN, 1905). 
We ha,ve previously (Chap. VI)  poiiited out t,lie prohabilit,y that great oscillations 

often occur in intermediate waterstrnta. During siich oscillat'ions, the houndaries 

between the varioiis waters ~vonld move iip aiid down, nt more or less regnlar inter- 

vals of time arid with cliffereiit amplitudes. As a resnlt of siich oseillatioiis, parts of 

the contiiiental slope woiild be alternatel7 covered by Atlailtie water mcl by colder 

water from belo~v. I t  seems very likely that iii the southern part of the Norwegian 

Sea the mater covering the contiilental slope, e. g. hetnreen 400 and 500 metres, chanyes 

rilpidly in tliis maniier arid that very differeiit conditions may be fouiid within short 

intervals of time at  these places. Iii the iipper pnrts of the slope aiid or] the con- 

t8ineiital slielf, tlie couclitions are obviously very iiniforii~, becailse they are always 
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covered by tlie uniform Atlantic water; and the character of the  water will not be 

appreciably altered, even if similar oscillations occnr tliere also. 

The Atlantic water can only flow into the Norwegian Sea 

across the subrnarine ridge between Xcotland arid Greeillaiid,(l) and 

most of i t  passes through the Færoe-Shetland Chanilel, as was pointed 

out above. As a rnle the iilflowing water does not even fil1 the whole 

of this narrow Chaililel; bilt i t  runs towards the north-east, chiefly 

along the easteril side-slope of the Channel. 

The Norwegian Sea, with its adjacent areas, the North Sea, the 

Barents Sea, and the North Polar Sea, inay be considered as oae en- 

closed sea, with only olle great entrance, that  between Scotland and 

Greenland. Bering Strait is so shallow (only abont 40 and 50 inetres) 

aud narrow that i t  inay be left out of consideration. Smith Sound, 

Jones Sound, tind Lancaster Sound are deeper, and some water flows; 

out through them, especially through the last-named; but even they 

are of little iinportance as cornpared with the opening between Scot- 

land and Greenland. 

As the evaporation from the sea-sul-face is not in excess of the 

precipitxtion over this region, the water rnnning into this enclosed 

sea must again run out of i t ;  and the amount of salt carried by the 

inflowing Atlantic curreilts, and that carried by the outflowing cur- 

rents through the above-mentioned openings, inust be very nearly 

equal. Iii addition to the inflowing sea-water, this enclosed sea als0 

receives great quantities of river-water from northern Eiirope, Asia and 

America. 

Let lis t i y  to follow the course of the Atlantic water in the 

Norwegian Sea. 

There are three principal openings through which water is car- 

ried out of the Norwegian sea-basin(2): 

(1) The yiiantity of water coniing in  through the Str~tits  of Dover is  so small thnt 
it mag be left out of coilsideration here. 

(2) ]Ve do not here consider the  offshoot of the AtlaiiMc Ciirreiits running iiito 
tlie North Sea, hy the Shetlands, meirily iiorth and east of thern. TIie water-masses 
carried by this ciirrriit retiiiii to the Norn.egini1 Sea :tgaiti, \\ est of Norway, inixecl 
witli tlic2 \\,:&teis of tlie 1i:iltic Ciirreiit. 
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(1) The opening betweeen Norway and Bear Island(l), where the 

North Gape Current runs into the Barents Sea. The masses of this 

current either returns to the Norwegian Sea again, south of Spits- 

bergen, or the greater part of them flows into the North Polar 

Basin, and returns with the East Greenland Polar Current. 

(2) The opening between Bpitsbergen and Greenland. Here a 

narrow branch of the S~3itsbergen Atlantic (Jurrent crosses the Xpits- 

bergen-Greenland Ridge, and runs into the North Polar Basin along 

the continental slope off north-western and northern Spitsbergen. Ac- 

cording to oiir present knowledge, i t  is evident that  the qiiantity of 

water carried by this current out of the Norwegian Sea is much 

smaller than the qiiantity brought into i t  by the Greenland Polar Cur- 

rent. The waters of the latter are chiefly the returning water from the 

Spitsbergen Curient, and froin the Barents Fea (rnnning into the 

North Polar Basin), which have been mixed with the water from the 

Siberian and American rivers(2). 

(3) The opening between Iceland and Greenland, through which 

the main outflow finds its way across the Iceland-Greenland Ridge. 

(4) The opening between the Fzroes and Iceland. Only very 

little water finds its way across the ridge out of the Norwegian Sea; 

but i t  was mentioned above that  in the "bight" a small outflow does 

evidently occur. 

These different outflows contain extrenlely little Atlantic water 

with salinities above 35 O/oo. Such water is only found in the two 

c~irrents throiigh the first two openings mentioned(3), and that  in such 

small quantities as to be quite insignificant compared with the quan- 

tities of Atlantic water carried iiito the Norwegian Sea. It is conse- 

qnently obvious that by far the greater part of this water becomes 

inixed with other waters inside this sea-area, which thus change its 

(1) A little Atlantic water riins towards tlie north-east between Bear Island 
alid Spitsbergen; bat i t  is irisignificant aiid most of it returns south of South Cape. 
We 1ea1.e i t  therefore out of consideration. 

(2) A miich smaller part of this mixed water r ~ i ~ i s  out throiigh the soiinds of 
the Americali Arctic Archipelago, chiefly tliroiigh Lancaster Sound. 

(3)  Atlailtic water with salinity of over 35.0 O/oo probably also occiirs tinder 
the Greeriland Polar Current crossing the Iceland-Greeiiland 12idge; but this comes 
from the Irminger Ciirreiit. The \varmer water rtride~.lyiiig the Greenlaud Polar Cur- 
rent flowing out of tlie Norwegian Sea has lower salinities (sec later). 
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character, and cause its transformation into other Binds of water, by 

the time i t  leaves this sea. 

After having been intermixed more or less with Artic water (to 

form the central water), some small part of t he  inflowing Atlantic water 

probably finds its way, from the western region of the great cyclonic 

vortex-movement of the southern Norwegian Sea, through the opening 

between Jan  Mayen and Iceland, and may join the strata that underly 

the East Greenland Polar Current, flowing out across the Iceland- 

Greenland Ridge; but by far the greater part of the Atlantic water 

seems to run northwards, through the sea between Jan  Mayen and 

Norway (cf. the section Pl. XIV A, Fig. 2.) 

If we look only a t  the sonthern area of the Norwegian Sea, 

south of a line drawn from J a n  Mayen to Vesteraalen, and east of a 

line from Jan  Mayen to Iceland, the cliiantity of water passing north- 

wards throiigh the transverse section along the former line, will be 

chiefly determined, on the one hand by the i~nportation. of waters by 

the Atlantic Current from the south, by the East Iceland Arctic Cur- 

rent froni the northwest, and by the Baltic Current-the last-named 

beiilg the rainfall over Northern and Central Europe (mixed with 

Atlantic water)-, and on the other hand by the exportation. of water 

westwards through the section along the line from Jan  Mayen to 

Iceland(1). It is not probable that the outflow through the latter 

section will be greater than the iiiflow in the shape of the Ice- 

land Arctic Ciirrent through the saine section. W e  must conse- 

quently assume that  the quantity of water passing northwards be- 

tween Jan  Mayen and Norway is a t  least eqiial to that  flowing in 

across the ridge between Scotland and Iceland, i .  e. the waters of the 

Norwegian Atlantic Ciimel-it. 

W e  fiiid, however, only relatively sinall quantities of Atlantic 

water in the Norwegian Sea north of 70" N. Lat. (from Jan  Mayen 

to Northern Norway); and we mnst therefore conclude that  the Nor- 

wegian Atlantic ciirrent has lost its original character, and that  its 

movements have been transferrecl to w a t e ~ s  which are no more recog- 

nisable as Atlantic watera. I n  other words, the quantities that  enter 

(l) The outHow across the F~roe-Iceland Ridge is so small tliat i t  cannot 
coiiiit for much as compared with the other water-masses flowing in and out. 
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the northern half of the Norwegian Sea between Jan  Mayen and 

Norway, as more or less transformed water-inasses, rnust be almost 

equal to those that entered the southern half. 

Thus we may account for the sinall quantities of Atlantic 

water, with salinities above 38 '100, that are found in  our 1zorthe9.1~ 

sections. The Atlantic Ciirrent rnnning northwards from Lofoten 

along the continental slope off Vesteraalen and western Piilmarlc, 

divides a t  71 "-72" N. Lat.  into two branches; one of tliem, the 

North Cape Curre~zt, rnnning eastwards into the Barents Sea, and 

the other proceediilg northwards along the continental slope off Bear 

Islaiicl and Spitsbergen, and forining the 813itsherqen Atla~ztic Chwrent. 

The first of these is seen in the sections between Norway and Bear 

Island, of August, 1900 (Pl. XIVA,  Fig. 3), and March, l901 (Pl. XV, 

Fig. 4). The Aiigust section shows a very sinall qnantity of water 

with salinities slightly above 35.1 O/oo, but the March section none a t  

all. The incliaation of the isopylcnals proves clearly in both sections 

that  the surface-layers have an eastward niovement as compared with 

the deeper strata,. The gradients are steeper in the March section 

than in the August section indicating that the surface-ciirreilt has then 

been running a t  a greater speed. Biit in both of thein the steepest 

gradients, and consequently the greatest velocities, are found on the 

right side of the sections, close to the Norwegian coast in the coast- 

maters, with salinities below 35 O or even 34.9 O/oo. 

The northernmost branch of the Atlantic Current is represeilted 

in oilr observations only by a short section off Bear Island, in Xep- 

tember, 1900 (Pl. XIV A, Fig. 4), and by a longitudiilal sectloil running 

southwards from a point west of Bear Island, taken a t  the same time 

(Pl. XIVA,  Fig. 5). The latter section i s x y  interesting. I t  is in 

this region that the two branches, the North Cape Ciirrent and the 

Spitsbergen Current divide. There is much more water with salinities 

above 35.1 O100 south of Stat. 66 (cf. the charts, Pl. 111) than north 

of that station, where only a coinparatively thin layer of i t  occurs 

between 50 and l00  metres. This layer is also seen in the transverse 

section farther north through Stat. 63 (Pl. XIVA,  Fig. 4). The prob- 

able explaiiation is that Stats. 66 and 65 (between 72 and 73' N. Lat.) 

are just outside the Bear Island Channel (cf. Fig. ti), where a great 
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volume of the Atlantic water runs eastwards along the southern side- 

slope of that  Channel, having depths of more than 300 metres (cf. 

Pl. XIV A, Fig. 3). There is probably also a cyclonic vortex-movement 

in the deeper stmta a t  the mouth of the channel (cf. NANSEN, 1906; 

see also our Pl. XII I ,  especially the charts for 200 and 300 metres), 

by which the waters of the deeper strata are much intermixed, as is 

also indicated by tlie lower salinities and teinperatures north of Stat. 66, 

in our longitudiilal section Fig. 5 (Pl. XIV A). The shape of the iso- 

pyknals in this section proves the correctness of oiir view. Their 

inclination south of Stat. 65 indicates that the movemeut of the upper 

water-strata as compared with that  of the deeper strata, has had an 

eastward cornponent; while the isopylinals north of 65 run practically 

horizontally, or the inoverneilt inay possibly have had a small westward 

component. 

We have no sections showing the further course of the current 

'L ions to  the North of Bear Island, but i t  is known from other investig. t' 
that  the eiirrerit advaiices farther northward, givirig off one or two west- 

ward braiiches, west of Spitsbergen, while the reinainder tnrns sharply to 

the east, north of Spitsbergen, into the North Polar Basin [NANSEN 1906, 

HELLAND-HANSEN and KOEBOED 19091. Some of our charts, however, 

representing the observations made by varioiis sealers aiid whitlers, show 

some interesting features in this connection (Pls. V, VI, IX ,  XI I ,  X111 

and Figs. in Chap. IX-XI). They show, with some variations, that a tongue 

of relatively salt siirface-water extends westwards from the northern 

branch of the Current a t  about the latitiides of Bear Island (74"-76"N.). 

Another tongue, sets off westwards west of Spitsbergen, as already 

mentioned. These tongues show the existence of vortex-movements 

and cyclonic systems in the Greenland Sea similar to those founcl in 

the soilthern half of the Norwegian Sea. They will be discussed more 

fully in Chapter X .  

Considering that the quantities of diluted Atlantic water carried 

out of the Norwegian Sea by the North Cape Current and the Spits- 

bergen Atlantic Current are smaller than the quantity of Atlantic 

water carried in, we inust coiiclude that  a part of the latter finds its 

way towards the East Greenland Polar Current inside the area of the 

1 Norwegian Sea, and flows out with this current through the Iceland- 
i 
l 
l 
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Greenland Channel. This probably occurs only to a small extent 

betweeii J a n  Mayen and Iceland, i t  inuat chiefly be north of the latter. 

There may possibly be some westward flow of water in the region 

ilninediately south and north of J a n  Mayen joining the interinediate 

layer of warrner water nnderlying the cold water of the Polar Current. 

The fact that  the intermediate warm layer has a much greater exten- 

sion in the region between Jan  Mayen and Greenland (cf. Chap. IX) 
than farther north, might seem to indicate such ai1 iaflow of warmer 

water from the east in this region, ~vhere we have very few obser- 

vations; but the probability is thnt a t  least the greater part of 

this intermediate warm water in the sea between Ja,n Mayen and 

Greenland comes from the north with the Polar Current along the 

Greenland continental slope, as will be mentioned in Chap. IX.  

Another westward flow of the water from the Atlantic Current, 

is the above-mentioned westward curreilt west of Spitsbergen and 

south of the Spitsbergen-Greeriland ltidge (cf. Pl.  XIII) ,  which is the 

principal contributor to the internlediate warm water-layer (between 

the levels of 100 or 200 and 700 or 800 metres below the surface) 

underlying the East Greenland Polar Current, north of 73" or 74" 

N. Lat. (cf. Chap. IX & X). It is certainly only a very sinall por- 

tion of this intermediate warm water-stratum which comes from the 

North Polar Basin. 

A small quantity of the Atlantic water with somewhat reduced 

salinities goes every winter to form the bottom-water in the central 

area of the great cyclonic vortex of the Northern Norwegian Sea; but 

this quantity is evidently so small that is is of little importance 

coinpared with the masses carried by the Norwegian Atlantic Current. 

2. The Velocities of the Current. and the Voluines of Water 
Conveyed by it. 

The only direct current-measurements hitherto made in the Nor- 

wegian Sea are those of July, 1906, referred to above on p. 106 et seq. 

[HELLAND-HANSEN, 19071. The station on Storeggen (Stat. 307) was taken 

a t  a place where the salinity a t  the surface was 32.81 O/OU and a t  the 

bottom (260 metres) 35.28 O l o o .  Thus the tipper layers consisted of coast- 
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water, while the Atlantic water with salinities above 35.0 O/oo was found 

below 75 metres. The results of the observations will be seen from 

the following table, where the mean velocity and direction of the 

current are introduced together with the temperatnre, salinity arid 

density : 

Current. 

- 

m. 1 

2 18'0 
5 36.6 12'1 

1 O 12'6 
20 4'4 
30 34'04 3.4 
50 2'6 

100 36.10 '44 4'9 
200 '24 6.8 

Fig. 40. Ave~age Velocity of Cuirent at Storeggeli, Jiily 12, 1906. [HELLAND 
HANSEN, 1 9 0 7 q  Fig. 4.1 

The mean velocities are represented by the diagram in Fig. 40. 

The unbroken line shows the average velocities calculated on the basis 

of progressive vector diagrains. It shows the average ainount of water 
20 
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O /O 20 30 2 
' sec 

Fig. 41. Statioiis off Siinclinore, Siily, 1906. Arrows iuilicate tlie velority siid 
directioii of the  curreiit, a t  6, 50 and 200 nietres. [HEJ,LAND-H~~NSEX, 

1907 a, Fig. l.] 

coilveyed iii 25 hours (two tidal periods), calculated iii a straight liile 

froin the point of departure along the mean direction of the curient, 

those valnes having been introdiiced in the table above. The brokeii- 
lined curve gives the mean inagiiitude of the moveinents withoiit coil- 

sideratioil of the changes in direction. The difference betweeii the 

two ciirves is greatest in the upper layers, where the chaiiges in d i~ec -  

tion are more striking than in the deeper-lying Atlailtic water. Fig. 41 

shows the positioii of the Station. The arrows indicate the inenii 

velocity ai-id directioii of the curreiit iii 5, 50, niirl 200 inetres. T t  
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will be seen tllat the ciirrent on an  average runs parallel with the 

coiltiiientstl slope. 

The observatioiis show a iniiiirnuin average velocity near the 

boilildary betweeii the top-layer of coast-water and the underlying 

Atlantic water, a t  aboilt 70 metres below the silrface. The velocities 

iii the deeper strata, with saliiiities above 35 O/oo, had an  intermediate 

i~i:tximzt~i~; the meaii velocity was greater a t  200 inetres thail a t  

100 inetres. The directioil varied biit little, and least in the deeper 

1:yers; whereas the velocity changed very inuch, most in the inter- 

i~iediate layers above the Atlantic water. Rut even in the deepest 

strata great variations were observed, e. g. a t  200 metres between 28.0 

and 5.8 ci~i./sec. Five ineasurements in 250 metres gave 21.5, 19.8, 5.9, 

7.3, aiicl 7.5 centimetres per second. The latter level (250 metres) mas 

oiily soriie few inetres above the bottoin, but nevertheless velocities as great 

as 21.5 cin./sec. (10 naut. miles in 24 hours) were observed. This selo- 

city is so great that the water would inove grains of sand, and wash 

tliein away from the bottoin, which a t  this place was roclcy. 

We have showil above, on p. 108 et sep., that the va~iations in the 

current a t  10 inetres inight be the combined result of some Icind of 

pulsation iii the ordiriaz-y cnrreiit, and the variatious in the tidal curreiits. 

The conditioiis a t  100 inetres were inore coinplicated, but i t  seeined 

probable that  siinilar pulsations also existed a t  this depth. However 

this i11ay be, these ineasureinents show quite clearly that  the Atlantic 

Curient niay change rapidly and does not flow with a constant speed, 

not eveil for so short a time as a few hoars. 

W e  have insde a good many atteinpts to caleulute tlze velocities 

by ineails of BJERKNES'S theory [see SANDSTIEOM and HEJ~LAND-HANSEN, 

19031. 
Accordiiig to ~ ~ J E ~ I ~ N E S ,  tile acceleratioii of the circiilatioil is 

Let 11s siippose that we have a closed cnrve of water-particles. The siiiu of 

all the tai~geiitial compoiients along this curve is called the "circnlatioii" of tlie 

corre (Lord I<ELVIN'S defiiiition). Tri RJERI~NES'S formula, V is the specific voliime, 

the differential of pressure, w the angulai velocity of the Enrth, 8 the area of tlie 
d s  

projection of the curve on the Equator and, accordingly the variation of thiq 

area with time, while R indicates the effect of tlie friction. If the curve be com- 

posed of the vertical lines at two stations, and two horizontal lines betveen these 
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stations, one at  the snrface and the other at  a given depth, we may calciilate the 

diference of the menti relocity at  the surface and at  the given depth, accordiiig to the 

formula 
A - R  

C" - C1 = 
2 w l o 5  1 sin h 

' 

where c ,  and c, are tlie componeuts of the average velocities at  the sitrface and :&t 
tlie given depth respectively, the components being reckoned at  right angles to 

the direction of the section; A represeiits the integral to the right in ~ ~ J E R K K E S ' S  

formula, the numerical values being found by means of Sandstrøm's and Hellaud- 

Hansen's Tables [1903]. 1 is the distance between the stations in lrilornetres, aiid h 

the Latitude. [HELT~AND~HANSEN, 1906 a]. 

This latter formula applies to stable conditions oiily. I t  is tlien supposed that 

the distribiition of pressiire and specific volnme (or density) is regulated by the 

velocity in siich a maniier that the forces due to this ilistribution are cqnal in 
magnittide, but opposite in direction to tlie forces due to the rotation of the Eartli, 

friction being not taken into account. The formula is thus independent of the causes 

of the oceanic ciirrents, and gives only the relation bet~veen the velocities at  different 

deptl~s, whaterer those causes, and wliatever the distribution of temperattxre and 

salinity may be; biit i t  \vill not give trustworthy results i f  stable conditions have not 

been reached, or i f  the distribiition of pressure and specific volume be rapidly changed, 

for instance by boundary-waves. Sucli waves ~vould give the mater-layers oscillatory 

movements, and raise or lower the isosteres at  comparatisely short intervals of time. 

The calculation can theii only be satisfactorily made i£ the observations of tenlpe- 

rature and saliiiity are taken in the same pliase of the wave.motion a t  the various 

stations, e. g. when the crest of the wave has been observed at  the stations that are 

to be compared. Suppose, for instance, that we have two stations, O and P, mith a 
well-defined slope of the isosteres do~vnwards from O to P, i£ no botindary-waves 

exist. In the case of boundary-waves we may perhaps observe the trough of the 

Tvave at  O and the crest at P, and tlie conrse of the isosteres will be horizontal or 

evcn slope downwards from P to O. The real differences of the uiean velocities 

coiild then oiily be calciilated i f  tlie phase and amplitiide of the wave at  each station 

were knomn. 

M7e have shown in Chap. V1 that the current-measureinents seem to inclicate the 

existence of piilsations, caiising great variations in the velocit~. We have not suffi- 

cient mnterial to settle the very important question as to Tvhether the isopyknals 

(isosteres) will follom these variations so quickly that the distribution of density a t  

any time will correspond to the actual ciirrent, or more or less to its average velo- 

city. In the former case, these piilsations will caiise another difficulty in the calcula- 

tioii of the current, similar to that diie to subsurface waves. I t  will in any case be 

of vital importance in the hydro-dynamical stiidy of the great ocean-ciirrents to have 

these phenomena investigated; and until this is doue, i t  \vill be very difficiilt to 
obtain reliable results by calculations. 

In order to calculate the differences of velocity exactly it. would als0 be neces- 

sary to know the influence, R, of friction. As we do not yet know this factor, and 
assuming that i t  is small compared with A, i t  has been ignored in aiir ca,lculations 

a ions. which in any oese are only roiigh approxim t '  
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The differeiice, c, --c,, iii the secoiid forinula is tlie meari difference of the 

c*ornponents reckoned at  riglit aiigles to the directioii of tlie section, as previonsly 

ineiitioned. If the velocity at  a certain depth is nil the coinpoiieiit will also be ~ z i l  

(c, =o) and the conlporient ( c , )  of tlie siirface-velocity v vill be found at  oiice. If the 

direction of the current fornis an angle of n o  with the sectional plane, tlie real 

velocity a t  the si~rface will be v,, = 
sin a ' 

'i'he calculated mean differences of velocity l~etween the surface aiid the clif- 

fereiit depths (betweeii two statioiis) from which observatioiis are inade, may be plottecl 

oiit on millimetre-paper, the clifferences along tlie axis of absciss~,  ond the depths as 

ordinotes. If the velocity a t  a certain depth belom the srirface, be regarded as nil, 
the ordinate correspoi~diiig to tliis poiiit of the curve, will make the vertical O-liile 

(the axis of ordinates), and the componeiits of velocity at  different deptlis iiearer to 

tlie siirface, will be fonnd (lirectly from the ciirve. 

The voliime of water flowing tliroiigh a section may be foiind by ine:mu of sucli 

ciirves. The area enclosed by the crirve, the axis of obscissze aud tlie axis of ordi- 

ilates will represent a certain iiuinber of square metres. Tliis niimber, multiplied by 

the distance between the stations, in metres, i vill give the volume of water tlowing 

tlirough the section, iil oiibic metres per secoiid. The value foniid in this wity will 

be iiidepeiideiit of tlie angle between the direction of the sectioii aiid that of the 

ciirrent, because, in order to Gnd the area of tlie true transveise section (at right 

angle to t1i.e directioii of the current), we shoiild have to multiply the section iii qiiestioii 

by the very factor (sin n) by wliicli the velocity component monld have to be divided 

in order to find the true velocity of the cnrrent. 

The calculations of the average velocities by means of BJER~C- 

NES'S theory  vill generally give too low valiies. This is to some exteiit 

due to  the fact tliat the influence of friction has not beeii talceii into 

accotlnt when using the formula for nunierical investigations. The 

average velocities found between stations not far apart, often show, 

however, very high valties, whereas when the distance beweeii the 

stations is great, they are as a riile very small. This is easily accountecl 

for i£ we suppose that  vortex inovemeiits occur betweeii the statioiis; 

the waters in the section are theii moving iii different directions, ancl 

tlie inean velocity in one direction a t  right angles to the sectiorial 

line will thus be oiily small, even if the inovemeiits are considerable 

a t  each single point. 

Figs. 42-44 represent three dynainical sections, Fig. 42 talce~i 

iii May, 1901 (off Feie, corresponding to Figs. 1 aiid 2, Pl. XVI), 

Fig. 43 in May, 1904 (off Feie, cf. Pl. XXIV A, Fig. l), and Fig. 44 

in June, 1904 (off Stad, cf. Pl .  XXIV A, Fig. 2). The small num- 

bers (to the right of the vertical lines in Fig. 42 and to the left in 
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the other tmo) ~ r c  

figurrs correspoiicl- 

ing to the valties of 

specific voluine, and 

flie h r g e  nninbrrs 

:Lye iliiirierical ex - 

pressions of A ( -- j' 
cclp) for the vertical 

line froin the slir- 

face do-\vil to variuns 

deptlis. Tlie cilives 

ajre lines of eclual 

valnes of specific 

volume (isostercs) ; 

alid the iiicliiiatiou 

aiid iininber of these 

curves, as also the 

differences in tlie 

n i i~ne~ica l  values of 

A ill a liorizontal 

dircctioii, inclicate 

tlie valaes of the 

grndients(1). The 

ciirves in the charts, 

Figs. 43 ancl 46, 

froin 100 and 200 

inetres below the 

snrface, in May- 
Jiine, 1904, are liiles 

of eqnal values of 

that part of Awhich 

is found from the 

snrface down to 100 

and 200 inetres a t  

(1) Tlie isosteres are not drawii for the tipper strata to the right in Figs. 43 
and 44, near the Norwegiaii coast, as thay would have been sa niimerous that they 
~i~oiild have made the sectiolis quite blaclr. 
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the various stations. These curves indicate approximately the direetion 

of the currents ; the closer these lines are crowded together, the greater 

are the differeiices of velocity betmeen the surface and 100 or 200 

St 43 6 3  8 41 6 6 1  5 G24 4 4C 3 2C 2 1 

Fig. 43. I)ynaiiiicnl Sectioii senn.:irds froin F e j ~ ,  May, 1004. 

St. 55 67 68 69 70 .q7 38 39 40 

Pig. 44. Dyrininica1 Sectioii seawards from Stad, Juiie, 1004. 

inetres. The cnrves have iiot been drawii betweeii the F ~ ~ o e s  and Ice- 

laiid, nor in the F~roe-Shetland Chaaiiel; they ~vould have run close 

together iii these areas, indicatiiig great velocities. These diagrains 

show that the ciirrent iii May-June, 1904, fiowed nlong tlie coliti- 
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Fig. 46. Dyiiamical Chart  for t h e  upper 100 Metres, Mag-Jnne, 1904. 

nental slope, with great velocities off Stad and off the Lofoten Bank, 

and with reduced velocities off Helgeland. The curves inake some 

benda. That to the north-west of Stad is especially conspicuous, 

corresponding to one of the vortices mentioned above (cf. Fig. 37). 

Snother, west of Lofoten (Fig. 46)) corresponds to the iiorthern part 

of the cyclonic moveinent of the soiithern Norwegian Sea. 

The calculations give tlie following surface-velocities of tlie cur- 

rent in the eastern part of the Færoe-Shetland Channel, as based 

upon the Scottish observations [HELLAND-HANSEN, 1905 a, b ;  ROBWRT- 

SON, 1905, 19071 : 

I n  June, 1904, the velocity seems to have beeii about 12 ilaut- 

ical iniles iri 24 lioiirs. Tlie ii~imber of reliable observations fro111 

1902 

Augnst 

I 1905 

May i Augiist 
.p - 1 __-. - 

Centimetres per 
Seconcl 

Naiit. Miles per O 9 
24 H o u n  1 
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Fig. 46. D~iiamical Cliart for the apper 200 Metres, May-June, 1901. 

other seasons is insufficient; but some observations from December, 

1902, seem to indicate that the curreilt then moved with less speed 

than in August of the same year. 

These calculations agree very well witli each other, indicating ct 

surface-velocity of about 30 cm./sec. in May in two different years, and 

about 20 cm./sec. in August in three different years. They seem to 

show a inaxirniim velocity of the current in spring and a ininimuin 

velocity i11 autumn 

The values given in the above Table have reference to the 
waters near the edge of the continental slope off the Shetlands. The 

velocities are less over the shallow parts of the continental shelf, as 

also farther west, in the central part of the channel. I n  the latter 

locality the calculations in some instances (e. g. in May, 1904) give 

great soiithward velocities, which are evidently due to the formation 

of vortices, as meiitionecl. above. I n  May, 1904, the water nt the sur- 

face between Stations Sc. 19 A and Sc. 19 B seemed to move south- 

wards a t  the rate of about 25 cm./sec. or nearly as much as the velo- 

city northwards betweeii Sc. 19  B and Bc. 20. 
2 1 
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GEHRIIE [l9071 has tried to calculate the velocity of the ourrent 

in a section from Scotland towards the northwest. He has based his 

calculations upon the hydrographical theorem of KNUDSEN [1900], and 

has founci the mean velocity of the cui-reilt over the continental shelf 
miles to be 9.4 cm./sec., or 4.4 -. This value is less than that found 

by BJERKNES'S theory; the reason perhaps being that GEHRKE'S sec- 

tion included the waters close to the shore, where the velocities are 

reduced. 

I n  the main part of the current, by the continental slope off the 

Shetlands, the velocities seem to be almost as great at  100 or 200 

metres below the siirface as a t  the surface itself. The maxim~iin 

velocity is sometimes even found a t  intermediate depths, as for 

instance in Augnst, 1902, a t  abont 40 metres, and in December, 1902, 

a t  aboiit 100 inetres. From, say, 300 metres and downwards, the 

velocity decreases rather rapidly until zero is reachecl, generally some- 

where between 500 and 700 metres, or even deeper. The bottom- 

water has apparently a movement soiithwards, sometimes with a velo- 

city of several centimetres per second [HELLAND-HANSEN, 1905 a, p. 101. 

We have already mentioned that the main part of the current 

i11 the Norwegian Sea, moves along the continental slope of the coast 

of Norway. I n  order, therefore, to find the velocities of this current, 

it is of great importance 
Q 

;o that stations shoiild be taken 
L, as close together as possible, 

from the edge of the conti- 

nental shelf seawards. We 

have unfortunately not inade 

sufficient observations of 

this kind on most of onr 

cruises, and have therefore 

only iinperfect material for 

the calculation of the veloc- 
Fig. 47. Section seawards from Stad, June, 1904. 

giving the cliffereiices, in  cm. per second,  it^ a'Ong the '''pe. 
between the velocitty-compone~its a t  the Fig. 4'7 shows the differ- - 
surface and a t  the varioiis clepths down ences of the velocity-compo- 
t o  600 metres. The dotted lines are the 

isopylrnals of 27'60-28'00. nents as calculated for the 
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section seawards from Stad, June, 1904 (Pl. XXIVA, Fig. 2). The 

nuinbers give the differences between the coniponents at the surface 

and those at various depths; + indicates that the direction of the sur- 

face-component was north or north-east (at right angles to the sectio- 

nab plane) in relation to the coinponent a t  the depth in question, 

-indieates the reverse relation between the components (cf. Fig. 34). 
At the edge of the continental slope, between Stations 39 aud 

40, the differences are very small. They indicate a minimum of velo- 

city towards the north-east, at a depth of about 100 metres below 

the surface. The bonndary between the upper layer of coast-water 

and the deeper Iayer of Atlantic water was found just at this depth, 

a t  Stat. 40. It was stated above (p. 155) that the current-measure- 

ments on Xtoreggen demonstrated a minimum of velocity a t  aboiit 70 
metres, just a t  the leve1 of the isohaline of 35 O/oo. These measure- 

ments are so far quite in accordance with oiir calculations. Similar 
conditions have been found by rneans of calculations in inany other 

cases; and we may therefore conclude that the current over the outer 

part of the continental shelf generally has a minimum of velocity a t  

aome intermediate level near the boundary between the eoast-water 

and the Atlantic water. Thus the uppex layers of the Atlantic water 

moving over the continental &el£, seem to flow with less velocity than 

the deeper strata. 

Qver the continental slope, between Statlons 38 ancl.39, the differences 
of the velocity-components are ratber great. The distribution of salinity 

and temperature indicadies &at the direction of the currenit at t E s  

pbace was very nearly a t  right aiagle to the seetiona2 glane, i. e. the 
differences mean the differences of velocity and not onlly of the Gom- 

ponents. The eomparatively high salinity (35'075)i and temperature 

(5.23" C.), a t  $80 metres, Stat. 39 [c£. Pl. XXIV A, Fig. 2), indicate 
that the current afi this depth was rnoving north eastwards with con- 

siderable veloeity. The velocity pxoba;bly arnounted to severa,l centi- 

metres per second, evea ak 600 inetres. The cailcdation would then 

give a, surbce-veloeity of rnore then 20 cm./sec., the velocity at 100 

metres being between 10 and 15 cm./sec., after which i t  decreased 

vers slowly clio,wnwards to 400 metres, and then more quickly. These 

qaa~!es seem ts a g e e  very wel!l with the aelocities measilred in th.e 
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Atlantic water on Storeggen (at 100 metre~ ,  11 .9  cm./sec.; a t  200 

metres, 14'8 cm./sec.). 

The differences calculated for the waters between Stations 37 

and 38 show that the moveinent of the surface-layer had a compo- 

nent towards the south-west in relation to the deeper strata. If the 

water a t  the surface had had a moveinerit towards the north-east, the 

movement in the same direction a t  500 metres must have been con- 

siderably greater (by more than 5 cin./sec.). Between the next two 

Stations, 37 and 70, the moveinent northwards was greater a t  the sur- 

face than a t  500 metres, but still greater a t  50 and 100 metres, and 

even a t  200 metres. Parther seawards the differences are greater, 

especially between Stations 6 s  and 69 (c, -c , , ,  = 11 cm./sec.). Be- 

tween Stats. 67 and 68, where only a small volume of Atlantic water 

was found in the upper layers (down to  about 100 metres), the dif- 

ferences are quite insignificant. The wa$ers in this locality inoved 

probably more along the section than across it. 

By these calcnlations, we can only find the real velocity, or  the 

differences of velocity, in cases where thc directions are known. But 

we do not know the directions with snfficient certainty in detail, on 

account of tile lacls. of observations. A great many observations 

would be necessary for this purpose, as was pointed out above; so 

that even the relatively large number of stations from May & Sune, 

1906, does not suffice. One of the chief difficulties in the study of 

the mean direction will be caused by vortex-movements, such as we 

have frequently mentioned, more especially as the diameter of the 

the vortices often seems to be rather small. 

When calculating the differences of the components of velocity, 
d c we have assuwed that the conditions have been stable (, = O in 

BJERKNES'S formula), that  is to say that the wave-like bends of the 

isopyknals have not been caused by progressive sub-surface waves, or 

similar phenomena. which 1,emporarily disturb the hydrostatic equili- 

brium. According to our view, we have had such distnrbances in some 

cases, and i t  will be impossible by means of calcnlations to arrive a t  

exact conclusions as to the velocity of the ciirrent nritil these clistur- 

bances are known. The distribution of salinity, temperalure, aiicl den- 

sity, in the fltad section of June, 1904, may be explained in both 
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ways, namely, by vortex-movements, and by oscillatory movements 

caused by progressive sub-surface waves. W e  have already stated that  

we consider the first explaiiation to be the more probable one in this 

case. If this assumption holds good, our calcnlations (as introduced 

in K g .  47) demonstrate nuinerically a vortex with its vertical axis a t  

about Stat. 38. The waters east of this station were moving towards 

the north-east with a surface-velocity of more than 20 cm./sec.; part 

of this water has afterwards passed the section once more with n 

component towards the soutli-west, between Stations 37 and 38. Un- 

fortunately, we cannot decide from our material, whether this motion 

has gradually been turned into one towards the south-east and east 

so as to join the main body of the current again, or towards the west 

andnorth-west so as to carry the waters northwards again, farther seawards. 

However this inay be, i t  seems quite certain that  the velocities 

of the Atlantic water differ very much in different bands lying side 

by side. These differences of velocity will in most cases cause the 

formation of vortices. The differences theinselves may be due to 

varioiis influences, such as topographical conditions, or  the encounter- 

ing of other currents a t  the sides, or atmospheric conditions. The 

vor t i~es  may be more or less stntionary, i. e.  they will be formed in 

a certain locality withoiit being carried away from it. If such a vortex 

is formed within the area of a current and not a t  its outer boundaries, 

it will be only partial. I n  the case inentioned above (with an axis a t  

Stat. 38) i t  menns that  the waters, after ha,ving turned southwards, 

proceed farther towards the west and not towards the east. But if 

the vortex is carried away by the general drift of the waters, i t  may 

be complete (i. e. circiilar); the result will theii be that  the waters are 

very niuch intertriixed. It is probable that  vortices of both'kinds exist, 

in the Atlantic current. 

If we now calcnlate the rnean differences of the velocity-compo- 

nents for the whole section of the Atlantic Current, we shall find 

relatively small values. W e  have, for instance, for the whole Stail 

section, of June, 1904, between Stations 39 and 68, 

between the snrface and 
10 60 100 200 300 400 600 metres. 
0'6 1.7  2'0 3'0 4'1 5'6 6'9 cm./sec. 
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As the average direction of the current seems, upon the whole, 

to be a t  a right angle to the section, and as the waters a t  500 nietres 

probably have a illovement alinost in the same direction, the conclusion 

to be dramin is that  the average surface-velocity between these Stations 

ha,s been greater than 7 cm./sec. (a little more than 3 miles in d 4  hoiirs). 

The surface-layer consists, for the greater part, of water with salinities 

below 35 Oioo.  I n  the Atlantic water a t  100 metres, the average velocitv 

would be a t  least 5 cm /sec. (2l/2 miles in 24 hours), but at  300-40Q 

riletres, for instance, only 2-3 cin./sec. (about 1 mile in 24 hours). 

The section seawards froin Stad, of June, 1903, shows a very 

regular distribution of salinity and temperature, and consequently a 

very regular shape of the equilines (see Pl.  XXIA, E'ig. 2). We find 

therefore almost the same differences between the velocity-components 

for different parts of the section. The calculations give the following 

diff erences : 
Between the surface and 

100 200 300 400 600 metres. 
Between Stats. 32 and 33 0'4 1'0 1.7 2.6 6'3 cm./sec. 

- - 30 D 33 0'6 1'3 2'3 3'2 6'1 -- 

The first twa Mtations, 32 and 33, include that  part of the ourrent 

whiah is nearest t o  the continental slope, while the others (30 to 33) 
include the whole section of Atlantic water. The differences fo,und 

are much the same; the equality proves that  the Atlantic water moved 

with almost the same eomponent of veloeity towards the north-east in 

all parts of the section. We had not then such differences of velocity 

as were found in June, 1904; and consequently the distribution of 

salinity and temperature indicates no  vortices, tliough they might per- 

haps kave been found å£ more observations had been taken. It is 

thus very characteristic that  the 35-isohaline in the seotion from 1903 

is alinost identical with that  in the section of June, 1904, represented 

in Fig. 38, B, where every seeond station has been left out. I n  the 

latter section. however, the 35 2-isohaline exhibits a wave-like bend 

which is totally absent in the former section, and i t  is not improbable 

that  in reality, the vortices did not exist in Jime, 1903, to the extent 

in which they occurred in the same month of the following year. 

This may be due to the fact that  the section of 1903 was taken farther 

to the north than that  of 1904 And i t  will be seen in the chaats 
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in Fig. 37, that no vortices have been iiidicated along the line that 

corresponds to the section of the former year. 

The mean clifferences of the velocity-components of the section, 

taken as a whole, were greater in 1904 than in 1903. This is prob- 

ably to some extent due to the fact that  the diff'erences of 1904 in- 

cluded waters with great velocities ilearer to the coritinental shelf than 

was the case with those of 1903. Withiii the Atlantic water, however, 

(e. g. a t  100 and 200 irietres) the average velocities seem to have been 

much the same, mhile the surface-layer in 1904 consisted chiefly of 

water witin less salinity than 35 O/"", and comparatively great velocities. 

I n  November, 1903, a section (Pl. XXIII ,  Fig. 3) was talcen 

i~lmost aloilg the same line as the Stad section of June, 1903. The 

isopylcnals in the Noveiliber section show only indistinctly the wave- 

like bends, aiid the vortices -have consequently been of little iinport- 

ance. The calculations show that the maxiirium velocity of the current 

was then found farther seawards (cornparatively far  from the conti- 

nental slope) than is generally the case. The greatest differences of 

the velocity-coniponents were found between the Stations 51 and 32, viz :  

Between the surface and 
100 200 300 400 metres. 
1'2 3.6 7.9 13'1 crn./sec. 

W e  have iinfortiinately no observations from the deeper strata. 

For the whole section, between Stations 33 and 52, we get the 

following differences in the velocity-components: 

Between the surface and 
60 100 160 200 300 400 metres. 
0'3 0'6 1 'O 1'6 3'0 4'4 cm./sec. 

Shese values are somewhat greater than the corresponding values 

of June, 1903, and agree very well with the differences in the Atlantic 

water below the surface in June, 1904. 

As a result of these investigations we may conclude that the 

surface-curreilt off the eontiiiental slope west of Sondmore has an  

average velocity of between 6 and 10 cm./sec. (3-5 miles in 24 honrs). 

The velocity generally decreases downwardu, slowly, however, in the 

upper layers. Near the slope, the ciirrent runs as a rule faster, with 

velocities up to more than 20 cm./sec. (9 miles in 24 hours). 
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The sections off Helgeland, of June, 1903 (Pl. X X I A ,  Fig. 3), 
and June, 1904 (Pl. XXIVA,  Fig. 3), cut the current obliqnely. They 

both show a very regular distribiition of salinity and tempeiature, 

without indications of vortices (or of subsurface waves). The maximum 

velocity is found near the surface above the continental shelf, as in 

most other cnses 

The differences of the velocity-componeiits in the section sea- 

wards from Lofoten, of May, 1904, are seen in Fig. 34, mrhich has beeii 

drawn in the same manner as Fig. 47. It illustrates the vortices verj 

clearly, with southward movements between Stations 22 and 23A, 

and between 20 B and 21 A. The differences of the velocity-components 

found near the continental slope (Stats. 23-238) are exactly the 

same as those found near the western boundarjr of the Atlantic 

water (Stats. 20 B-20A). The velocities riear the slope seem to  be 

smaller than in the sections farther south. The mean differences of 

the velocity-components for the whole section of the Atlantic water, 

from Stat. 23 A to Stat. 20 A, are as follows: 

Between the surface and 
100 200 300 400 500 600 nietres. 
0.3 0'6 0.9 1'3 1.3 1'2 cm./sec. 

The average surface velocity over the whole area of the Atlantic 

Curreiit seeiiis thus to be considerably less off Lofoten than off Sondmore. 

I n  all probability i t  does not amount to inore than a few centimetres 

per second. This agrees very well with the results of the dead-reckoiiings 

of the ships, no appreciable deviation from the courses, given by the 

reclconings, having been fouild iii this part of the sea, provided that  

the weather has been calm. I n  many parts of this area, however, 

the velocities iilay be rather great, its for instance iiear the western 

boundary of the Atlantic water (more than 10 cm./sec., or 5 miles in 

24 hours). But the deviation in the ship's course in these localities, 

will be almost counterbnlanceci by the opposite drift in other places, 

where the ~vaters move southwards. 

I n  February, 1901, some stations were taken seatvards from Vester- 

aalen (Pl. XV, Fig. 2) Stat. 14 was situated close to the continental 

slope, and Stat. 15 about 48 IIilotnetres farther seawards (to WNW.). 
The isopylcnals (or isosteres) slope hert: very much, and the differences 
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of the velocity-components have consequently been found to be very 

great (north~vards a t  the surface). They are, 

between the surface and 
50 100 200 300 400 500 600 700 800 900metres .  
4'1 7'3 12'1 16'9 19.8 23'0 20'9 28'8 31'9 34'7cm./sec. 

This means a surface-current along the continental slope of a t  

least 35 cm./sec. (17 iniles in 24 hours) or much inore than along the 

slope farther to the south, off the southern islands of the Lofoten 

group. It is well knowri that  the surface-current a t  the place in 

i question, may often be very strong, and this consequently agrees very 

l well with our calculations. The weather, however, was very stormy 

l when Stations 14 and 15 were taken, and i t  may be, therefore, that  

the stable condjtions, presupposed by our calculations, Ihad not been 

attained. 

By means of the Scottish observations in the Færoe-Shetland 

l Channel, of August, 1902, Helland-Hansen [1905, a, b] found the ~o lume 

I of water carried northwards through the Channel by the Norwegian 

Atlantic current to be about 4 million cubic metres per second, or 

125,000 cubic kiloinetres per year. The calculation was made in the 

1 manner already described.(l) 
1 W e  have tried to inalce several calculations of this kind. They 

1 agree very well with each other, bilt do not claim to be absolutely 

trustworthy. 

The observations of May & June, 1904, give the following voluines 

I of tvater conveyed by the ,Norwegian Atlantic current : 

l I n  the F~roe-Shetland Channel, abo-ut 4.5 million cub. m./sec. (140 000 

I cub. km./year). 

i Thiough the section seawards from Stad, 3.8 million cub. in./sec., alinost 

half of whicli passed close to the continental slope, between 

Stations 38 and 39. 

l Through the Lofoten Sectioii, seawards to Stat. 20 A, in the upper 

l 500 inetres, 2.3 millioii cub. in./sec., more thaii half of it passing 

along the continental slope. 
---p. 

(1) A calculation by GEHIGRE [l9071 of the waters between the nortliern coast 
of Scotlaiid and the upper part of the continental slope gave 1'9 million cubic metres 
per second. His calculatioii mas made by an eiitirely different method (see above 
p. 162). 

22 
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I n  May & June, 1903, we find: 

Through the section seawards from Stad, aboiit 4 million cub. m./sec. 

Through the Lofoten Section, seawards to Stat. 19, in the upper 500 

metres, 2.7 inillion cub. rn./sec. 

These figures indicate a decreasing quantity of Atlantic water 

northwards; and i t  seems very probable that  such a diminiitioii really 

talres place. Throiigh intermixing processes much Atlantic water is 

transfoi*med, partly by mixiiig witli coast water and Arctic water at 

the sides, and partly by inixing with the underlyiiig bottom-water. 

I n  this manner iiiiich of tlie northward-flowiiig Atlantic water will 

apparently disappear. It will be carried away, to soine extent towards 

the west, and will not occur in the northern section, but will probably 

to a great extent form an  integral part of otlier currents. W e  inay 

say that  probably between 4 and 5 million cubic inetres of Atlantic 

water are poured every second into the Norwegian Sea through the 

Pæroe-Shetland Channel, or between 123 000 and 160 000 cubic kilo- 

inetres in the course of the year; and between 2 and 3 million cubic 

metres of water with Atlantic characters passes every second from the 

south to the north of the 67th parallel of Latitude (or 60000 to 90000 

cubic kilometres a year). 

W e  have estimated the total volume of the Norwegian Sea a t  

about 4.12 inillioii cubic kiloinetres. Only about of this volurne 

will be made up in the course of one year by the waters of the Nor- 

wegian Atlantic Curreiit, or in other words, this Current would take 

about 30 years to fil1 the sea-basin. The Norwegian Atlantic current 

is thiis very sinall indeed in proportion to the Norwegian Sea basin. 

Our charts aiid sections of the Norwegian Sea show. however, that  
the inasses of Atlantic water found there are very considerable. The 

fact seems to be on the olle hand that  these inasses are renewed 

comparatively slowly, and on the other hand that  the current, oil 

account of vortex-moveinents, runs backwards and forwards, with a 

zig-zag motion, so to spealr, through the sections, tliils occupyiilg a 

much greater part of the basin thaii i t  woiild have done if the move- 

ment had followed a straight course. 
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3. Annua1 and Seasonal Variations. 

W e  have previously, on various occasions, inentioned that  a study 

of the variations of the oceanographic conditions, based iipon our 

observation-material, is connected with great difficulties, chiefly oil 

acconnt of certain general phenoinena, siich as great vortex-movemeilts 

and subsurface-waves, with which we are insufficiently acquainted, biit 

also because the observations takeil a t  the various seasons of the year 

have been insufficient. A discussion of the variations in the intensity 

of the current will not therefore lead to so concliisive results as 

inight be desirable, but a discussion of the variations in its teinperature 

rnay, however, lead to very important results. 

1. The Annuab Variations. 

May is the oiily seasoii for which a fairly complete observation- 

innterial has been collected in different years, and a study of the 

annua1 variations must therefore be limited to this month. I n  the 

following figures, 48-51, we have reproduced from our plates parts 

of the sections rnnning seawards from the Sognefjord. I n  these text- 

figures we have drawn the isothernis of 4", 6 ", and 8 "  Centigrade, 

and the isolialines of 35.00 and 35.20 O/oo. The waters with salinities 

between 33.0 and 35.2 O/OO are inarlced by single hatching, and those 

with salinities above 35.2 O/oo by cross-hatching; the stations are indi- 

cated by marlcs on the siirface-line. The date of the observations is 

not the same in all the foiir years; in 1901 and 1902 they were made 

between the 5th and 10th of May, and in 1903 and 1904 a fortnight 

later, bet~veen the 21st and 25th. Nor do the sections follow exactly 

the same line, as will be seen, for instance, from the differences in 

the bottom-line; the differences in this respect are, however, compara- 

tively slight (cf. Pl.  11). But even if they are talcen iiito account, we 

shall neverthcless find coilsiderable variations from one year to another. 

Owing to what has been said above about the irregularities in 

sections caused by vortex-movements, subsurface-waves, etc. (Chap. VI), 

i t  is riaturally very difficult to  determine the quantity of Atlantic 

water actndly occurring in a section, or rather runriing through the 
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5001 600 

Figs, 48-81. Sections seawards from Feje (Sogiiefjord), Ma7, 1901-1904, 
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Fig. 52. Sectioii seewards Piom Feje (~ogiiefjorcl), May 16-18, 1906. 

section. But if we take the isohaline of 35.0 O/oo as the boundary line 

of the Atlantic water, and assuine that  the sectioils give fairly trust- 

worthy representatioiis of its shape, Figs. 48-51 show that  this 

boiindary line of the Atlantic water in the Sognefjord section enclosed 

different areas in the four years. The following areas have been foiind 

by plaiiiiiieter : 

A r e a  (in syunr.c 7riZornetr.e~) o f  A t l a n t i c  Ili l ter.  i n  the Soy~ze f jo rd  Sec t io l~ ,  in ibfa?~. 

---p 

We have, in these ineasiiienients, included the section froiii May, 

1905 (see Fig. 52). Stat. 3 is sitiiated iiear Tampen, not far from the 

continental slope; the secoild coluinn gives the area of Atlantic water 

west of this station, and the third colnmn the coiresponding valiie 

reckoned eastwards from Stat. 3. The total area, as well as the part 

of i t  to the west of Stat, 3, was especially great in 1905, 
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The isotherm of 8" C. encloses very different areas in the four 

sections. I n  1901 this isotherm was found as an almost horizontal 

line just below the surface, showing that the heating of the surface- 

layer froin above had commenced; while the temperature of the inter- 

mediate strata was everywhere lower than 8 " C. Just the reverse was the 

case in 1902, when only a ilarrow part of the surface had temperatures 

above S0C., while great masses of water a t  interinediate depths, even 

down to 300 metres, were enclosed by the isotherm in question. These 

differences demonstrate two Binds of variations; a different rate of 

heating from above, and different temperatures of the Atlantic water 

that enters the Norwegian Sea. I n  1903 and 1904, the areas enclosed 

by the 8"-isotherin a t  the surface, were inuch narrower than in 1901, 

in spite of the later date of the observatioiis. I11 1903, however, great 

masses a t  intermecliate depths had temperatures above 8 " C., as in 

1902; while in 1904 these masses were very sinall, alinost as in 1901, 

but the section shows indications of the heating oil the surface having 

commenced. 

Figs. 53-56 show the conditions seawards froin Lofoten, between 

the 15th and 18th of May, in 1901 and 1902, and betweeii the 30th 

of May and 3rd of June, in 1903 and 1904. Conspicnous ~ a ~ i a t i o n s  

are found along this section too. The area eilclosed by the isohaline 

of 35 O/oo is found to be: 

in 1901 1902 1903 1904 

201 230 220 203 sqiiare kilometres. 

The greatest area of Atlantic water was thiis foiiiid in May, 

1901, and the smallest iri May, 1904. 

It is rather remarkable that the isotherm of 2" C. was fouiid a t  

the surface a t  nearly the very salne distance from land during a11 the 

foiir years. Biit the course of this isotherm cliffers somewhat in the 

intermediate layem. Fig. 57 demonstrates the course of the isotherm of 

4" C. in the years 3901-1904, in the latter half of May and the 

beginning of Jiine. The area enclosed by the 4"-isotherm had the 

smallest extent in 1901, and the greatest i11 1903 arid 1904. Fig. 58 

shows analogous variations of the isotherm of 6"  C. The variations 

may however, t'o some extent, be due to the fact that the observations 

of 1903 and 1904 were taken about a fortnight later in the season, 
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600 1 \ / I 

Figs. 63-66. Xectioiis s e ~ ~ v a r d s  from Lofoteii, May and Julle, 1901-1904. 
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Fig. 67. Isotlierm of 4 O C.. i11 Lofoteii Sectioii, Mny niid Jiiiie, 1001-1904. 

Fig. 58. Isotlierii~ of B o  C., iii 1,oioteii Srctioii, May aiid Juue,  1901--1904 

W e  have made an atteinpt to find, approximately, the average 

temperatiire of the Atlantic water occnrring in the sections seawards 

from the Sognefjord and seawards from Lofoten. The results will 

be found in the following four Tables (A-D). W e  have divided our 

material into surface-observations and observations inade below the 

surface (l); and the inean temperature has been calculated for different 

salinities above 35.0O0/0o. I n  the calculatioils of the meail temperatiire 

of the waters below the surface, the differences of depth have not 

been taken into account. W e  have included the observations taken 

in May, 1905, along the southern sectioii (cf. Fig. 52); but i10 obser- 

vations were inade a t  that  time off Lofoten. 

(1) For orrr calc~ilations of the meaii teiiiperatrires lielow tlie sea-snrface, i n  t he  
sontlierii sectioii, only the  observations from S i d .  3 aiid westwards have been talreii 
iiito account. 
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A. Mean Temperature at the Surface along the Sognefjord Section, for diferent 
Salinities above 35.0 O / o o  CMiddle of Mau). 

35'00- '09 7'02 3'59 6.02 1 5.40 
'10- '19 5.67 7'04 6'62 
'20- '29 7.94 7.08 7'52 7'55 

Above 35'30 8'30 7.57 8'41 8.30 

Al~ove 35.00 -1 7.85 6'99 7'41 7.37 

B. Mean Temperatz~re at the S?~rface cc1on.y the Lofoten Section (End of May). 

1901 1904 Average 
" 0 0 .  

- -- - - 
p 

36.00- '09 
'10- '19 

Above 35'20 

Above 36.00 

D. Mean Temperature at Jntermediate Depths. T7~e Lofoten Section (End of May). 

C. Mean. Temperature a t  Inteyrnediate Depths. Tile SogneSjorcl Section 
(Micldle of May). 

W O / o o .  
11 1 9 0 1  1902 1 l903 1 

V,6-8. V, 7-10. V, 23-25. V, 22-24. V, 16-18. 1901-1905. 

35'00- '04 
'05 - '09 
'10- '14 

Above 35'15 1 5:;: 
Above 35.00 / 4.56 

3'80 
5'90 
6.11 

5.47 

1904 
VI, 1-3. 

4.73 
5'67 
6.75 

5'68 

(4'34) 
(5'19) 
(5'12) 
6'49 
7.18 
7'84 
8'37 

6'01 
7.71 

7'24 

- 

4'85 
5'81 
6'53 
7'24 
7.74 
8'16 

6 12 
7'63 

7'23 

35'00- 'O4 3'98 5.24 3'63 
5'25 5'10 
6.44 
6.72 6.29 
7'19 7.31 7'14 
7.57 7'19 7.57 
8'32 7.81 8.17 

6.11 5'24 5.73 
7.38 7'32 7'44 

7.04 6 79 6'90 

.05- .O9 
'10- '14 
'15- '39 
'20- '24 
'25- '29 

Above 35.30 
- 

35'00-- '19 
Abo7.e 36'20 

Above 35 00 

l 

4'85 
5'95 
6.36 
6'97 
7'50 
-- 

' 5.18 
7.16 

6'20 

5.39 
6'60 

(6'72) 

6'43 

6'95 ' 6.08 
7.43 
- 

7.31 

7.38 
(7'30) 

7.35 
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The mean temperatures for intermediate depths (Tables C and I)) are certainly 

too high, as most observations have been made in the upper, warmer strata. But 

the number of observatioiis i11 the upper strata, as compared with the observatioiis 

from qreater depths, was less i11 Mny, 1901 and 1902, than in the other years. In  

May, 1901 and 1902, observations were talcen af 0, 25, 50, 75, 100 metres etc., but 

in the other years generally a t  0, 10, 20, 30, 50, 75, 100 metres etc. The mean 

temperatures of the two first years, 1901 and 1902, are therefore a little lower, 

comparatively, thnit the mean temperatures of 1903-1905. The fact that the 

observations in the tmo first years were taken at  an earlier date than in the later 

years mill have a similar effect. But as the observationmatcrial is not complete 

enough for ai1 exact calculatioii of the real mean temperature of the Atlantic Cnrrent, 

we liave ilot considered i t  wortli mhile to use more exact statistical rnethods. 

We havr, als0 calciilated the meati temperatiire of the Attlantic Water at  50 

and 200 metres, along the southern aud iiorthern sections, in the same manner as 

for the snrface (Tables A and B), and have obtained the following valnes: 

E. Mean Temperature of Water zuith Salinities above 35.00 O,ioo. 

We shall here especially ca11 attention to the following results 

deinonstrated by the above tables: 

The Tables A to D show clearly that the highest salinities in 

May are always associated with the highest temperatures, both a t  the 

surface and in the intermediate strata, in both sections. This is the 

case in all seasons, except in summer a t  the eastern boundary of the 

Atlantic Lurreiit, near the Norwegian Coast Water. 

Tahle E shows that in May the highest temperatures will ge- 

nerally be found at the surface, an exception from this rule, however, 

being found in the soiithern section in 1902, and to a sinall degree 

in 1903. May is therefore the critical inonth as regards the henting 

Along the Sognefjord Sectioii (Middle of May). 

1901. 1 1902. 1 1903. 1 1904. / Average. 
-- .p - 

7.41 
7.11 
6'56 

At the Surface 
50 metres 6'44 

r 200 n 

Along the Lofoten Section (Eiid of May). 

1901. 1 1902. 1 1903. / 1904. 1 Average. 

At, the Surface 
6.16 5.92 

3'99 4'44 5'91 5.70 5'01 

6.99 j: 7.37 
7.37 7.16 
6'83 6.69 6.96 
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of the surface ; earlier in spring the maxiinuin temperatures will in 

al1 probability be found a t  intermediate depths, and later in the season 

a t  the surface, owing to the cooling of the surface during winter and 

the heating from above during summer. The tiiiie a t  which a therinic 

equilibriuin between atinosphere and hydiosphere is established has 

thus been siibject to variations in the southern part of the Norwegian 

Sea: i t  occurred early in  1901, and late in 1902 and 1903. I n  this 

part of the sea (the Sognefjo~d Section) the thermic conditions a t  

the surface do not present a parallel to the conditions a t  intermediate 

depths, i. e. in the inaiii body of the current. Table E shows that  

while the surface-temperature was much lower iii 1902 thari in i901, 

the relations were reversed a t  50 or 200 inetres, where i t  was much 

wariner in 1902 than in 1901. The surface-temperatnre gives there- 

fore no reliable expression for the thermic conditions of the Atlantic 

Current in the Norwegian Sea. 

Even if our statistical method is inaccurate, the differences in 

spring between the years 1901--1904, as revealed by Tables C and D, 
may probably give fairly trustworthy results. Basing our comparisons 

upon the average temperatures of the Atlantic water for May, as fouiid 

in these tables, we obtain the following differences from the normal 

value (6.90" C. for 5 years) along the southern section (Table C): 

I n  1901 1902 1903 1904 1906 

Difference - 0'7 + 0'3 $ 0.3 + 0.1 -- 0.1 O C. 

The Atlantic water was thus inuch colder in  May, 1901, than 

usual, eveii if the surface-temperatures were considerably higher ($ 0.4" C.) 

than the average. I n  May, 1902, the Atlantic water in the southern 

part of the Norwegian Sea was considerably warmer than the normal, 

but with an  abnormally low temperature a t  the surface. Along the 

northern section, off Lofoten, we find in the same way the following 

differences froin the average (5.42" C. for 4 years): 

I n 1901 1902 1903 1904 

Difference - 0'9 - 0'6 + 0'8 + 0'6 O C. 

The differences found in the northern section are thus con- 

siderably greater than those found iii the southern part of the sea, 

just north of the Pzroe-Shetland Channel. 1901 shows abnorm- 

8lly low temperatures. It i 6  espec,ially noteworthy tbat  the mean 
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temperature in 1902 was also much lower than usual in this northern 

part of the sea, while i t  was inuch higher to the south. The coin- 

paratively cold waters fouild in the Lofoten section in May, 1902, 

will by and by be replaced by the unusnally warin waters corning 

from the south; i t  seems as if a "heat-wave", so to speal<, were 
I 

proceediug northwasds in 1902, where comparatively cold water was 

found before. 

The thermal conditions vary in the Lofoten section in the 

same inanner as in the Sognefjord section, but a year in the north 

corresponds nearly to the preceding year in the south. W e  had thus 

unusually high temperatures in the southern section in 1902 and 1903, 

and in the northeril section in 1903 arid 1904. The following figures 

represeilt the difference between the mean temperature of the Atlantic 

water a t  intermediate depths of the Sognefjord section in May of 

one year and the correspondiiig teinperature of the Lofoten section 

in  May of the next year: 

1901-2 1902-3 1903-4 

1.24O C. 1 ' 0 l0  C. 1'29" C. 

The variations in this difference are strilcingly sinall, only amount- 

ing to 0.2 or 0.3" C.(1) For the sake of comparisoil we rnay meiitioil 

that the difference in the Sognefjord section between 1901 and 1902 

was 1.04" C.,  and i11 the Lofoten section between 1902 and 1903, as 

much as 1.27" C. The variatioils within the salne section inay thus 

be miich greater thaii the variatioils in the differences between tlie 

two sectioris calculated for two successive years. 

We do not know a t  present, with sufficient certainty, how long 

time the whole volume of Atlantic water, occurriilg in the sections, 

requires, on the average, for travelling from the Sognefjord section to 

the Lofoten section. The apeeiuent between the mean temperatures 

of the southern section a, year afteiwards miglit indicate that  the 

water used aboiit one year for the passage between the sections, 

(1) The corresponding differences between the mean ititermediate temperatures 
of tlie two sections in the same years are the folloming: 

1901 1902 1903 1904 
1'64O C. 2'28 O C. 1'00° C. l . l O O  C. 

SIiey are cotisequently inucli more variitl~le. 
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which would correspond to an average velocity of 1 naut. mile ill 24 

hours. This agrees well with our calculations of the inean velocity of 

the whole volume of Atlantic water, (pp. 165-167), according to which 

it travels on the average between 1 and 2 naut. miles in 24 hours 

in a northward direction. It is extremely difficult to  calculate the 

actual velocity, as long as we know no more about the movements 

in  the different parts of the current. 
Our calculations show that  a t  least in some parts of it the velocities are coil- 

siderably greater, while in  other parts the niovements are less or even minus, i. e. 
are directed southwards. Provide3 tha t  the  meaii velocity of the  whole volume of 

Atlantic water, or a t  least tha t  part  of i t  which has the greatest teniperatiire-variations, 

he more than 1 mile in  24 hoiirs, i t  is  the water passing through the Sognefjord 

section in  some month after May of tlie one year xvhich is foiind in the Lofoten section 

of the following year. If, for instimce, the mean velocity be 1'6 mile in  24 hours, 

the  Atlantic water occurriiig in  the  Lofoten sectio~i iri May %woiil<l have passed throagh 

the Sognefjorcl section in  September of the  previous year. If, moreover, the nnomaly 

of temperature of the  Atlaiitic water passing throiigli the  Sogiiefjoid sectiou was greater 

i n  Septemher,(l) 1901, (i. e. the relative temperatiire of the water, as compared  vitl li 

i t s  normal for the moiith, was lower) than in  May, 1901, i t  i s  obvioiis that  the 

differeiice betweeii the mean temperatures of the Sognefjord section of May, 1901, 

and of the Lofoten section of May, 1902, ~vould be greater than usiial, even i f  the 

cooling of the  water-masses on the way was cxactly the same as i11 other years. 

The observations indicate, however, tha t  there has probably becn a rise in the relative 

mean intermediate teniperatttiire (i. e. as compared with tlie nornial of the month) of 

the  Atlantic water i n  tlie Soguefjord section during 1001 and tlie first part of 1902. 

The iiniisually low mean temperatiire of the  Lofoten sectioii in May, 1901, indieates 

that  i n  the previous year (1900) the  meaii temperature of the Sogiiefjord section lias been 

comparatively still lower than it \vas in May, 1901.(2) Wc may thus assiime th:tt o11 

the whole there has been a rise in  the relative intermediate temperature of the 

Atlantic water of the Sognefjord section from some montli i n  1900, to some inontli 

i n  1002. 

Rnt i f  on the otlier liaiid me assiime that  this rise of the relative mater- 

teinperat~ire has not stoppecl iiiitil the autiitnn, and that a fall i11 the  tenipemtiire 

has  comnienced after September 1902, so that  tlie mran intermediate temperature 

of the  Atlantic wnter of the Sognefjord sectioii \vas comparatively higher i n  Sep- 

temher, 1002, thaii i11 May, 1002, then tliere woiild iiatiirnlly be less difference in  

temperatnre than iisaal bctween the  Sognefjord sectioii of BIay, 1002, and the  Lofoten 

section of May, 1903. It is  therefore possible, thnt jf we coiild obtaiii a niore complete 

(l) Or in  tlie month wheii the Atlantic water of tlie Lofoteii section of May, 
1902, passed throiigh the Sognefjord sectioii. 

(2) Oiir observations during tlie criiise in  Jiily and Angost, 1900, seem to in- 
dicate comparatively low temperatures iii the water of the Norwegian Atlantic 
Ciirreiit [cf. NANSEN, 1001, pp. 142-1461. 
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observatioiimnterial for the different inonths of the year, we shonld iind a more 

perfect agreement hetweeii the variatioris of tlie temperatiires in the two sectious. 

As i t  is, we may, however, assume that the thermal conditions 

of the Atlantic water in the Lofoten section depend upoil two factors ; 

nainely, the original ternperature of the Atlantic water before i t  passes 

through the Sognefjord section, and the rate a t  which this water is 

cooled on its way northwards.(l) The first factor is pobably the more 

important one.(2) 

We have thus found certain annual variations in the volnme (or 

r~zther in the sectional area) of the Atlantic water, and in the inean 

temperature of this water. By inultiplying the sectional area (A in 

sqiinre lcilometres) and the mean temperature (t) we may obtaiii some 

values corresponding to the quantit,y of heaf stored in the Atla~ztic 

water in the spring of the different years. The following tables contain 

some results of such calculations. 

Soutl~ern Section. 

(1) This rate ma,y depeiid rrpon the meteorological conditions, especially the 
rlzflerences in  temperature betweeii the Atlaiitic water and the atmosphere, and the 
quantity of sun heat reaching the sea-surface through the atmosphere, as well as the 
radiation of heat from tile water-siirface. Bilt to some extent i t  will also depend 
iipon the conditions in  the sea, especially the vertical distribntion of salinity. If 
the sea be covered by a surface layer of coast water with low salinitg, this will 
reduce the vertical circulation created by the cooling during the winter aiid wiI1 
rednce the cooling of the Atlantic water. 

(2) As will be mentioned later, this factor (i. e. tlie teluperatiire of the water, 
having a salinity xbove 36'0 o/oo, in the Sognefjord section) msy depend partly npon 
the temperature mhich tliis water had when coming across the Wyville Thomsoii 
Xidge (and the Færoe-Iceland Kidge) from tlie Atlantic. But it  mill a180 depend iipoii 
the salinity of this water, and npon the temperatnre, ~alinity, and quantity of the 
wa,ter with which it is iiitermixed in the Fgroe-Shetland Channel, and on its way 
iiorth-eastwards. 
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Northern Section. 

The product, A X t (of area, A, and mean teinperatilre, t), varies 

rather much; i t  shows small quantities of heat in the southern section 

in 1901 and 1904, and large quantities in 1902 and especially in 1905. 

The variation froin 1904 to 1905 is not parallel to the variation in the 

inean teinperature, on account of the great difference in the sectional 

areas of the two years. I n  the northerii section there was a small amount 

of heat in 1901 and 1902, and a large ainount in 1903. We have 

the same coincidence in this respect between the southern section in 

one year and the northerii section in the following year, as was de- 

monstrated by the mean temperatures. It will be seen that in spite 

of the low mean temperature in the northern section of 1901 the 

ainount of heat was a little greater that year than in 1902, because 

the sectional area of the Atlantic water was considerably greater 

in 1901 than in 1902. It agrees with the observations froin the 

southern Norwegian Sea in the summer of 1900, when i t  was found 

that the temperature of the Atlantic water was unusually low, but 

the volume unusually great [cf. NANSEN, 19011. 

Variations in the Tempe~ature  of the Atlantic Water  i n  the English Channel 
and i n  the Fceroe-Shetland Channel. It would be of miich interest i£ we could come 

to some conclusion whether the variations founil in the mean temperatur0 of the 

Atlantic water of the Sognefjord sectioil are chiefly due to variations in the tempe- 

rature of the water masses carried by the Atlantic Ciirrent into the Norwegiaii Sen, 

or whether they have other causes. From three observation stations [Bulletin, E 4, 6 ,  

c% 61 along a sectioii near the edge of the continental shelf a t  the eiitrance to the 

English Channel there are E n g l i s  observations from the spring of 1903, 1904, and 

1905.(1) As the Atlantic water a t  these stations has a t  least to some extent been 

carried by the North Atlantic Current (Gulf Stream) i t  may give some information 

about tlie variations in the temperature of this current. We find the following 

meaiis of all temperature observatioris a t  these stations: 

(1) Cf. Bullet,in cles risultnts, etc. Copenhagen. 
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1903, May 16-16, mean temperature = 11'12O C. 

1904, April 28-29, n n = 9'64 » 

1905, May 14-15, » ) = 10'58 » 

As the  observatioris i n  1904 wcre taken more than two weeks earlier i n  the 

season tliaii the year before and after, it is  evident that  their meaii temperature is  

comparatively too low. It is therefore probable that  the mean temperature has beeii 

lower iii May, 1904, than in  May, 1903, b a t  possibly higher thaii i n  May, 1905. 

We may consequently assume tliat the meaii tcmperature of the Atlantic Ciirrcnt 

represeiited by tliese waters lias been decreasiiig in the three years 1903, 1904, and 

1905. It is probable that the water occnring a t  tlie English stations a t  the  entraiice 

to the Englisli Channel, correspotirls to mater carried by the At,lautic Curreiit which 

reaches aur Sognefjord section coiisiderably later, niid i t  is  ereii p<)ssihlc that  the 

water occiirring a t  tlie English statioiis in May, 1903, corresponcls iiiore to tlie Atlantic 

water occurring in  the Sognefjord scction i n  May, 1904, thaii to tliat of the  same 

year. I3ut in both cases the  variatioiis i n  the iiietlri teniperature of the English 

sertions in  1903-1905 have a certain resemblaiico to the variatioiis i11 Ille ineaii 

temperatiire of the Sognefjord section; or, a t  any rate, the observations do not 

disprove the possibility of an agreeinent, althotigh iiothiiig certain cail be coneltided 

from ol~servatioiis of two or tliree years only. 

The 8coltislz ofiservafions ir, the P~roe-S/&efkuncl CJ~ar,r,el of May, 1903, 1904, 

aud 1905, might be expectcd to give more triistworthy information about the  

temperatures of the Atlantic water entering the Norwegian Sea. The difficnlty 

is, however, that there are evideiitly grent, and apparently irregnlar anil sudden, 

local variations in  the  water-strata in this iiarrow chaniiel, where the waters ruii 

~ v i t h  great velocitie~, aiid where vortices and otlier complicateil moveinciits continually 

arisc. We have, iieverthelcss, made an attempt to citlculate the mcan temperature of 

the Atlantic water running through the Frcroe-Slietlaiid Channel iiito the Norwegian 

Sea. We liave only made nse of the observatioiis taken a t  the statioiis on the 

Shetlaiid side of the chaiitiel, as the Atlaiitie water a t  the statioiis on the Freroe side 

may have come north of tlie Fceroes. We have fouiid tlie follow~ing meati tempe- 

ratiires for the Atlantic water below the siirface(1) in the two Scottish sections across 

tlie Freroe-Slietland Cliaiiiiel : 

May, 1903 1904 1905 

Southern Section (Stats. 19 A, 10 B, 20 B). . . . 7'20 O C. 7'38O C. 8'28O C 

Nortlierii Rection (Stats. 12--15 A) . . . . . . . 7'60 O C. 7'23 O C. 7.67 O C. 

It seems difficult to discorer aiiy parallelism betwcen the  annual variatious i11 

tliese two sections and in  our Sogiiefjoid section. 111 the soutlierii scction the menn 

temperature appcars to have beeii rising from May, 1903, to May, 1906, while in  the  

Sognefjord sectioii i t  was falliiig diiring those years. Iii the northerii section it is a 

little better. The meitn temperatiire is  lowrr in Mny, 1904, thaii iii May, 1903, biit 

also lower thaii in May, 1906, whicli does not agree witli tlie variations i n  the 

Sognefjord section. 

( l )  The meaii temperatiire lias been calciilated only by means of observations 
made a t  the salne depths in  tliose tliree years. 



If anything the niean temperatures of tliese. sections across the 

Fzroe-Shetland Chaniiel, seein to prove that ~ h e  aiinual variations in 

the inran teinper:~tnre of the Atlantic water in the Sogiiefjord sec- 

tion are not chiefly regulatecl by the variatioiis in the teniperature 

of the Atlantic water entering the Norwegian Sea, but iriay- have 

sorne other canse. I t  inight then seein natural to think of possible 

variations in the Xast Icelu?zd A~ct ic  Cz~r~ejzt. It is, for instance, possible 

that  a c~rnparat~ively great quantity of Arctic water (cf. Chap. IX) 
carried, aloiig the nortliern slope of the Færoe Platforrn into the 

inoiith of the Færoe-Shetland Chaiinel inight, to some extent, check 

the Atlantic Current, and by partial iiiterinixture (e. .g. by the vortex- 

movements in the Channel) i t  inay co01 the Atlantic water inore than 

nsually before i t  reaches the of the Sognefjord section, while 

a oomparatively srnnll qiiantity of Arctic water carriecl into the Channel 

will have less effect. 

We liave not sufficient observation-material to trace the anilual variatioiis in 

the quniitity of Arctic water carried hy the  East  Iceland Arctic Currerit along the  

slope: of the  Fzeroe-Icelanil Hidge. According to the  I>:iiiish observations i t  seems as  

if there xvas less Arctic water, with saliiiity belov. 34'90 O/oo, carried by tliis current 

eastwards noitli of the Faroes ill May, 1903 (see the  tongiie i n  Pl. X X I  B, Figs. 3 

$ 4) thaii i n  May, 1904 (see Pl. XXIV B, Figs. 3 & 4). But iii May, 1908, the  

Danish obserratioiis a t  the statioas (Da 2-Da 4) north of the  Feroes indicate hardly 

ang mater of this Lind. 

Iii our Sognefjord sections we fiiid tha t  the  Arctic Water formiiig t he  "tongiie" 

(with salinity belo~v- 34'90 O/oo) was well dereloped iii &y, 1904, and even still lilore 

in May, 1901, and with lower temperatnres, the  isotlierm of 2 C. being almost 

entirely abore the tongne. I n  May, 1902, t8here Tvas hardly nriy indicatioii of i t  (ser 

Pl. XVIT, Fig. 1). only it sali i~ity of 34.90 O/oo a t  Stat .  6, 400 inetrcs. Iii May, 1903, 

t he  "tongue" seeins to  hase  been divided into two pait,s in tlie Sopnefjord sectioii 

(Pl. X X I  A ,  Fig. 1) and was evidently not so vel l  developed as i n  May, 1904 (Pl. SXIVA,  

Fig. 1). In tha t  season there was eveu a great volume of this  ater er i n  the  St:~tl 

section. Biit iii May, 1906, t,lie , , tongi~e" does not seem to liave beeii mirch dcvelopetl 

iii the  Sognefjorcl sectioii which agrees witli tlie observations a t  the  Daiiish stations 

north of the Faroes of t he  same nioiith. 

As far as tliese observations go, they :igree fairly wc11 (mith the  exception of 

May, 1905) vit l i  the assiimptioii t ha t  the  ~ar ia t ionn in  the niean temperature of the  

Atlantic mater of the  Sogiiefjord sectioii rnay be more or leqs caused by variatious 

in the East  Icelaiid Arctic Cnrrent. or a t  least, they (lo not disprove il. R u t  tlie 

ol~servatioii rnaterial is  so small tliat v e  caii base 110 (~011~1~isions on it 

TT'c have poiii!ed out before tha t  the Aflantic water irz  t ite tuestevit No~tlr Sea 
rniis chiefly nortli of' the Slietlaiids and soii t l i~~~arrls cast of tliese islaiirlq. It miglit 

24 



therefore be expected tha t  the  annnnl variatioiis in the  Mny temperatiirr of tliis water 

shoii better agreemeiit with the varit~tioiis in our Sogiiefjord section. It has, ho~vever. 

to be  coiisidered that  the  North Sea, eveii in i t s  north-western part is very shallow, and 

the temperature o1 i t s  Atlantic mater is  piobably mnch inflnencecl by local conclitions. 

V e  find the Pollo~ving nie:iii teniperatures in Afay of the  Atlantic water in t he  t,w» 

Scottish sections across tlie noi-thern part of the Nortli Sea, from the  Shrtlands to tlie 

Norwegian Clianiiel. 
May, 1903 1004 1906 

Scottish Stats. 6-7 7.91 O C. 7'87 O C'. 7'39 C. 
» 10-12 8'09 O C .  8'30 o C. 8.1 2 " C'. 

'I'lie aiiiiiial .rrariatioiis in tlie first sectioii ngree \re11 with those in t,lie Sogiie- 

fjord sectioii, 1)ui tlie vari:itiolis iii the  last section, \vliich is  farther iiorth thaii the  

othei.. do iiot agree as ~ r e l l ,  the  teiiiperatiire i i i  Nay, 1003, being lower thaii i i i  

May, 1904. 

Variations in tlze Ternyerature of the Water and i n  the Distributiojz 

qf the Ice i% the Bm.elzts Sea. Bp rneans of the observations, chiefly 

by Norwegian sealers, of the distribution of ice, and the Russiari 

observations of the water-temperature in the Barents Sea, during 

recent years, we can obtaiii soine information ahout the variations in 

tliis region, whicli are of rnuch interest in connection with our obser- 

vations farther south. 

Along a section northwards from Kola, in about 33" 30 ' E. Long., 

the Russians (Dr. KNIPOWITSCH and Dr. BREITIW-SS) have taken obser- 

vations in May 1900, 1901, 1903, 1904. and in June 1902. There are 

three stations, (we will ca11 thein A, B, and C) between 7 1 "  and 72"  

N. Lat., in this section, from which there are observations in each of 

tliese years. ( l )  By taking only the temperature-observations a t  the 

same deptlis a t  each of the stations into account, we find the following 

irieail temperatures for each year 

(1) The observations are giveii iii the  sectioiis, of Dr. ICNIPO~~ITSCII for 1900 
aiid 1901 [1906, Pls. 111 ck TI], nnd of Dr. GBEITFUSS for 1902 [1903, P1 11, 1904, Pl. 4, 
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It has to be considered that  in 1900 aiid 1901 the observations 

were taken 24 days later in the season than in 1903, and 1 7  days later 

than in 1904. while in 1902 they were takeii two weeks later than in 

1900 and 1901. W e  must conseqneiltly expect that  the heating of the 

sea-surface in the spring has raised tlie niean temperature of soine of 

the sections as coinpared witli the others. By coinparing the teinpe- 

ratures vertically a t  each station, we find that in 1903, 1904, and 

also in 1901, there cannot have been any appreciable heating of the 

surface-layers, for there are nearly uniform temperatures a t  all depths 

from the surface and down to 50 or  100 metres, and a t  som? stations 

even deeper. I n  1900, there has evidently been a heating of the 

upper water-strata of about 0.8 "C., because the s~~face-temperature is 

about so rnuch higher than the teinpeiature a t  100 metres, a t  all 

three station. I n  June, 1902, there has been a considerable Iieating 

of the surface-strata, because the temperatures rise upwards, a t  all depths, 

froin the bottom-strata to the surface. I n  order to elirninate, a t  least 

to some extent, the effect of the heating of the surface-lajers we have 

taken the meails of the temperatures a t  100, 1.30, and 200 metres, 

and find the following values: 

Menn. t o  (3: at 100, 150, & 200 Metres. 

But even these iriean values of temperature are naturall!- 

somewhat influenced by the diff'erence in seasotlii,l time. The water 

which was observed between 100 and 200 metres a t  the three sta,tions 

in Junie, 1902, for instailce, may perhaps not have beeii essentinllj- 
-p.-p ~ - -. .. - - .- - - -- - .- . 

VIII]. T h e  observations of & h y ,  1903 and 1904, arc piil)lished in t h e  Bulletin ( l .  r&. etc. 
for these moiiths. There a re  sl ight  diffc:renccs in t h e  locality of t h e  stat,ions. Sint. .I 
was i n  iilay, 1900, iii 7 0 "  5 5 '  N .  l,at., S ta t .  8 was in Mny, 1900, in 71 O 26 ' N. J,ai,.. 
33 C 45 ' E. Lorig., i n  &hy, 1903, iri 71 25 ' N. Lat. 0611arwifie tlie station3 \vere 

s i t u t e d ,  as given in  khr Table. 
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Eieated from abore. but i t  is obviousl~ probable that  the water at  

these depths was nrarmer in June than i t  wonlcl have been in Mny 

of the same year, because the water inet with iii Jiinc hacl during 

the preceding rnonth travelled from a region to the west whew in 

May the waters. between the surface and the bottoiii, hnd beci~ less 

cooled by the vertical circulatioil duriny the  vinter tlian in the regi011 

of the section (along 33 O 30 ' E Lorig). W e  inay consequently assume 

that  the inean temperature (1.91" C )  of June. 1902, is too high as 

compared ~vi th  the mean teinperatures of the other yeam This 

assumption is confirmerl by other facts Observations taken iii August, 

1902, prove that  the waters of the Barents Sea was mnch coldeY a t  

that time than in A~igust  of the following year, 1903, wlien, however, 

i t  was als0 comparatively cold. The followjng mean ternperatures may 

be of interest to show the cliffercnce between August, 1002 and 1903 

These valiies show a striking difference betweeii the two years. 

the mean temperature a,t Stat. R, 78 in Aug., 1902, was more than 

3 "  C, lower than a t  Stat. R 15 (very nearly in the same locality) in 

Aug. 1903, and even a t  Stat. R 79 i t  was 1.46" C. colder in Aug , 
1902, thari a t  Stat. R 1.5 in Aug., 1903, althought i t  was 12 miles 

farther south, and altlioug the observations iri 1902 were talien a week 

later in the season tlian in 1903. It proves that  the sea has been 

mnch colder in the summer of 1902 thsn  in 1903 There are no 

observation-stations, farther south, from the two years, which crtn 

be used for comparison. But as will be mentioned presently the 

distribution of the ice in May of the two years, also prove clearlj 

that the sea has been much coldei in the spring and surnlrler of 1902 

than in the following year. W e  consider i t  probable that the mean 

(1) The means are talreil of the observations at 0. 10, 25, 60, 100, 150, 200, 
aiid :ibout 270 (or 300) meties. 
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teinperatrire of the mater a t  the three Statioris (d, B and C) was at, 

least 0.2" C. lower in May. 1002, than in May, l!?Oi aiid 1903, and 

probably still lower We assuriie accordingly that the mean teinperature 

of the strata betweeii 100 and 200 metres was 1 70" C in stead of 

1.91" C 

The main body of the tre of the 13arents Sea is not Polar ice, 

but is formed cliiring the winter and spring in this sea, where i t  also 

nielts, to the greater entent, during the surniner. It is therefore to 

be expected that the distribution of the ice, or rather the qiiantity of 

ice. in the sea in the spring. is to a very great extent dependent on 

the quantity of heat contained i11 the water masses of the Bareilts 

Sea during the minter, and i t  is probably to a less extent dependent 

on the aniiual variations in the temperatur? of the atrnosphcre It is 

therefore also probable that the distribution of ice in the Barents Sea 

in  the spring is less dependent on otlier meteorological conditions (the 

distriblition of atmospberic pressure and the winds) thail i t  is in other 

parts in the Arctic regioiis, P g.  north of Iceland and Jail Mayen. 

althoagh the wind has natuially everywhere influeiice iipon the ice. 

By means of the charts of the distribiition of the ice, published, 

by Intenntional agreement, by the Danish a4~eteoroko,yical lizstitthtr 

(editor V .  GARDE), i t  is possible to get some idea of the annua1 varia- 

tions in this distribiition in the Barents Sea. The charts for Ma-j in 

the years from 1900 to 1908, seem to be bnsed on a safficieiltly great 

nnmber of observations for giving fairly trustworthy representatioils of 

the distribution of the ice, altliough the laclc of observations in some 

parts of the sea bas made the jce-liinit somewhat doubtful in some years. 

By mensuring with the planimeter the areas of open water in 

the Et~rents Sea east of 20 " E. Long ( t )  we have found the follo\ving 

values for Nay .  

Mag 1000 19Ql 1902 1903 1901 190.5 1906 1007 1908 

'i'liousarids of Squnre 

ICilometres 440 398 249 469 696 639 570 646 b68 

We have ineiliioned above that  the water-masses of the Atlantic 

e'urrent iiced a long time to flom froin oar Sognefjord section to our 

Lofoten section, and we have slipposed that nearly a year may be 
- - P- p-p- 

(l) 'l'lie innei. 1)nsiii o f  t h e  White Sea lias iiot beeii corisidered. 



required. The distance betweeil the Lofoten sectioil and the Riissian 

siection, along the meridian of 33" 30 ' E. Long., northwards froill 

Kola, is even considerably greater, and we may consequently assume 

that the water-masses will recluire another year to reach the Barents 

Sea. If this assuinption be correct, i t  is probable that the vari a t' ioris 

in the Atlantic water of the Sognefjord section may be more or less 

traceable in the variations, both in the temperature of the water and 

in the distribution of ice, in the Barents Sea two years later It has, 

however, to be considered that  the water running into the Barents 

Sea is a mixture of the Norwegian coast-water and Atlantic water. 

It cannot therefore be expected that  the variations in the temperature 

of the Barents Sea shall follow exactly the variations in the Atlantic 

water of the Sognefjord section two years carlier, and of the Lofoten 

section one year earlier. Bnt some indications of sirnilar periods may, 

nevertheless, be traceable, provided that the variations in the Norwegian 

coast-water have not been so great that  they entirely overshadow the 

effect of the variations in the Atlantic water. 
The observations of saliiiity a t  the  three litissian st i~tious meiitionod above, 

indicate great annual variations i n  saliiiity. The Kussian observations gixe the  

following probable mean rnlucs for all three stations (A, B and C) in May, 1901, 

June, 1902, May, 1903 aud 1904. 

1901 1902 1903 1904 
Mean S " / o o  34.70? 34'70 34'91 34'66 

The valiie for May, 1901 is  very doubtfiil, as there were determinatioiis of thc  

salinity only a t  the  sonthern station, A [cf. RNIPOWITSCH 1906, 1'1. 111, and thesc 

determinations have hardly bcen very accurate. We have found oiir mean value. 

34'76 "ioo, hy compa,ring the  observations a t  this and aiiotl~er statioii in 72" 30'  

N. Lat., 33' 30'  E. Long. mith those a t  t he  same st:htioiis i n  1903 aiid 1004. Tlie 

mean valne for June  1902 is  also someivhat doul)tfnl, as we had to  take i t  from 

Dr. BREITFUSS'S section [1.903, Pl. 111, where only the  first deciinal place of S "/o" 

is  given. Tlie meaii valries for May, 1003 and 1904, are prohably more trustworthy. 

For May, 1901 aiid 1902, we have observations by which we can compnte the volume 

and the niean salinity of the  coast-water i n  tlie Sognefjord section, and !ve firirl t ha t  

i t  had a comparat,ively sinall voliime (cf. Fig. 88) ant1 high salinity in blay, 1903 

(cf. Fig. 87), while i ts  volume was great i n  May, 1002, anil its salii~it,y comparatircly 

low. Tliis coiresponds to  tlio variations in the  Rarents Sea two years later, witti a. 

high iiiean salinity in May. 1903, and a n~lich lower meari saliiiity i n  1904. TJnfor- 

tuuately we have no 01,servutions for eiirlier years tha t  ase comp:~reble. Rut as v i l l  

be  mentioiied in  the following chapter, there is a relation between ttie preeipitjation 

e .  g. i11 southern Norway, and the cliinntity of t,he coast wat,er in the  follnwiiig 
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spring. The precipitatioii for tlir mrbole year (expressed in perceiit:ige of t he  iiormal 

valoe) i n  Christiania and Bergeii and £01 Octohri to Deceml)er a t  26 statioiis in 

soutliern N o i ~ a y  was 

1898 1899 1900 1901 

Christiania 114 80 96 101 

Hergen 136 131 111 105 

26 Stats. i n  Soiitherii Sorway 92 101 106 120 

These values do not, however, indicate less coast-water in blay, 1.901, than in May, 

3809 and 1900. 

.k great rolnme of tlie coast-lyatei in tlie Sognefjord section in May is accom~ 

l~aiiiecl by a comparatirelg l o ~ v  temperature of t,his water, and vice versa. We thiis 

see, tha t  tliese variations are not followrd by the  vi~riatioiis in the  turan.tcmperature, 

of the  section froin tlie Ea,rents Ses, aiid i t  therefore seeins as  if the  latter variations 

chiefiy depend iipoii the  v:~riations in the  teluperature of tlie Atlantic water, a t  least 

iii those years from which we lisve obserrations. But, a.; tlie wa.ter flowing witli tlie 

North Cape C~irrent into the  Rareiits Sea, is a mixture of Atlantic water aiiii 

Sorwepian coast va t e r  v e  inqy expec,t t ha t  the  ni:~giiit,ude of the  variations in tlie 

temper:itiire of the Atlantic water, as seen in the Sogiiei'jord section, are miicli 

r(4uced in the  mater ent~eriiig the  Bareiits Sea. 

I - - L 2 1  
Fig. 69. 

Fig. 59 gives a snminary of aur above disc~ission. The curves 

repiesent : 

I the ine:Ln temperature of the Atlantic Water in the Sognefjord 

Section of May, 1901-1905 (scale to the left), 

T I  the mean teinperature of tlie Atlantic Water in the Lofoten 

Sectiori of May, 1901-1904 (scale to the left), 



192 Hk:I,l,hND t I 4 X S E N  A S B  '\TASREX REP \ O R T V .  I'IS~I. I I  
- -  -- - -  - -p- p p p p - - - p - - - -- - -- 

LIT the inean temperatnre of the water stiatnrn between 100 and 

200 nietres a t  the three Russian Stations A, B, and C (sec. 

above p 1b7) of May, 1900-1901(1) (scale to the left), 

I I I a  the mean ternpeiature of the water, betw~eil  slirface and bottom, 

a t  the sarne stations, 

1V the area (in hundred-thonsarids of square l<iloirietres) of open 

water in the Barents Sea in May, 1900-1908 (scale to the 

right). 

Upon the whole there is a better agreement between the Curves 

I, 11, 111, and I V ,  than we might have eupected, consideriilg the 

inaccnrate inethods, and i t  seems as if the variations occur one year 

later in the Lofoten section than iii the Sognefjord section (see 

above p. 180) and two years later in the Barents Sea. Therc seems 

to be nil exception in the distributioil of the ice in May, 1907, as 

that  mas less than in 1906, although the inean temperatnre of the 

whole voluine of Atlantic water in the Sognefjord section was lower 

ill May, 1905, tlian in Msy, 1904 Bnt there was a greater volnine 

of Atlailtie water with teinperatnre above H " C.  in Msy. 1905, thaii 

in  May, 1904, as is proved by Figs. 52 & 51. At Lhe saine tiine 

the entire volume of Atlantic water, and consequently als0 the 

quantity of heat, was unusually great in the Sognefjord section in 

May, 1905. The latter circnmstance made the air temperature of 

Norway coinparatively high in the wiriter 1908-06 (cf. Fig. 60, and 

the water has conseqiiently becii less cooled during that year. The 

volume of coast water \vas also comparatively snlall in May, 1905, 

and the precipitation was unusually small in southern Norway in 1904 

sild in the winter 1904-08 (cf. Fig. 88, Curves 11 Ji V). It is 

therefore probable that  thc water carried into the Barents Sea in the 

winter and spring of 1907 has bepi1 comparatively warm, and this 

may explain the decreicse in the distribution of the ice in May, 1907, 
as coinpared with May, 1906. 

The a b o v ~  calculations do not claim to be exact, but i t  is, never- 

theless, remarkable how well they agree ~v i th  a number of meteorogical 

and biological facts. Soine agreements of this kind tvill be discussetl 

(1) We have reduced t h e  menil te1nper:iture (1.91 C.) found in Jiine 1902, to 
1 ' 7 O C .  as 11eiilg nearcr t h e  probable value for May 1902 (cf. above p. 189). 
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in  the following pages, where the values tabulated above will be 

represented as curves in the figures. 

2. The Relatiord between the Annua1 Variations i n  the Tenrperature qf 

the Atlantic Current and the Variations i n  the Te~nperature of the 

Atmosphere. 

As the Atlantic Current has a very great general influence upon 

the climate of Europe i t  seeuis a priori natural that  variations ill the 

thermal conditions of the ciirrent is followed by analogous variations 

in the teinperature of the air. Professor PETTERSSON ilas in a number 

of papers tried to prove the relatioil between the Atlantic Current 

and the climate in this respect. H e  has thus explained the unusually 

high winter-temperature in 1897-98 as being caused by an  unusiially 

great development of the current in the latter half of 1897. Bnt  the 

observation-material a t  his disposal was very defective, and could not 

give fairly exact data as regards the variations in the quantity of 

heat stored in the Atlantic water. An observation-material sufficiently 

complete for this purpose, has in reality not existed before the 

investigations in the Norwegian Sea commenced in 1900. The 

observatioiis collected since 1900 form therefore the only material 

from which nuinerical values of the variations in the Atlantic current 

can be calculated. For lack of observations from the ocean PETTEES- 
SON made use of a long series of observations of the surface-tempera- 

ture, collected a t  Ona Lighthouse. But the surface-temperature close 

to the coast has very little to do with the temperature of the Atlantic 

water; i t  shows inerely the efect of the meteorological conditions, 

and not the causes of them, almost in the same manner as the tem- 

perature a t  the surface of a lake would do. PETTXRSSON has so far  

made a inistake when he assuines that  the observations a t  Ona 

Lighthouse may prove anything about the effect of the ocean upon 

the atmosphere. (l) 

W e  have in the tables above, p. 182, given some values of the 

quantity of heat in the Atlantic water, calculated as a product of the 

(1) MEINARDUS [l9041 has made a similar mistake wheii he assiinles tllat the 
variations i11 the temperatnre of the sea near the coasts everi iii t)he shallow 
eastern part of the North Sea, a t  Horns Riff on the west coast of Jutland - indicate 
directly the variations iii the temperatiire of the water carried hy the Atlantic Curreiit. 

26 
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sectional area and the mean teinperature (A X t). The following 

table shows these values for the Sognefjord section and the mean 

anonlaly of the air-temperatwe in Norway (average for 22 meteorological 

stations distributed all over the country) during the following winter 

from November 1st to April 30th( l ) :  

--P - - 

Quantity of Hent i n  the  Atlantic Water W.  of 
Stat. 3 . . . . . . . . . . . . . . . . . 

Dito. for the Whole of the  Sognefjord Sectioi~ 
Meaii Aiioninly of Air-'i?eiiiperature froin No- 

vember to April (following winter) . . . . . 

(1) The meteorologicd (lata liere given have been taken from Ja/trbuch des 
norwegischen meteorologischen &istitrcts. The 22 stations mentioned above are tliose 

from which srifficient observatious exist for a long period. 

(2) As regards the  accuracy of the  dattta ripon which the Curves I and I1 are 
based, especially the  relation betweeii the  ohservations of 1902 and 1903, see 
above p. 178. 

/@O0 /g01 /y02 /903 /9?4 1905 These values have beeii used 

the for Fig. values 60, of where the quantity Curve I represents of heat in 

the whole of the Sognefjord section, 

and Curve I1 the same for the part 

of the sectioil west of Stat. 3;  the 

curves are quite parallel to  each 

other. The broken-lined part of 

the curve, between 1900 and 1901, 

is not based upon direct observa- 

tions; but this course of t,he curve 

is probable, because the volume 

1.200 //m looOF$ 
900 

800 

700 

600 '., 
.. 

500 

Fig. 60. I Qiraiitity of Hent in Atlantic 
of the Atlantic water in 1900 was 

Water, in the  Whole of tlie very great (cf. above p. 183). Curve 
Sognefjord Section. 111 represenk the inean ailomaly 

I1 Ditto, W. of Stat. 3. 
111 Anomaly of Air.Tem. of the winter temperatnre in 

pernture, following Winter, Norway. 
Nov.-April (for 22 Stntions These three curves coincide 
in Norway). 

alinost perfectly .(2) It is evident 

O" +p: r& p > 
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that  the air-teinpersture of the winter, from Noveiliber to April, does 

iiot agree with the clnantity of heat in the Atlantic water iii the 

following May. The zuinttr-tenz~?eratwe i s  not the cause, Omct the cfect 

of the thermal conditions of the Atlantic moater, whose variations are 

followed hy qu,ite analogous variations i n  the tcnqeratu~e i n  No~.tuay 

during the next mointer. It ought to be kept in view that  this result 

as well as those set forth later, ai-e based upon observations only from 

a sinall number of years, in this case 5 or li years. But the c~incidence 
is so complete, that  i t  seems hardly possible that i t  shonld be merely 

accidental. It seerns inore likely that  we will be able to predict the 

inean teiiiperature of the following winter from observatioils in the 

Norwegian Sea in May 
As the yuautity of lieat contained in the Atlantic water i 7  a prodiict of its 

mean lemperatiire and its volume (sectionnl area) we carinot expect that there is a 

close parallelisin between the oniiiial variations in  its mean temperature in the 

Sognefjord section and the annua1 variations i r i  the wiiitertemperature in  the 

following winter, except in,years wheii there has been no great variations in the voliime 

of the Atlantic water. There is nevertlieless a certain resemb1:ince in the five years 
from which we have observations, and this J- 1900 /90/ 1902 1903 /90+ 

resemblnnce is st,ill greater if we take tlie Z.m/-90' '902 Igo3 IYo9 

inean air-temperatiire (for December 1st to 

May 31st) a t  a station in  or near the sen, 

e. g. Ona Lighthoiise (cf. Fig. 61), i11 stead 

of t,llat of the whole of Norway. If we 6" 

assiime tliat some kind of resemblance 

occiirs in most years, we may use the 

cator of what the variations in the tempe- 

..l I 
mean winter temperature a t  Ona as a11 indi- /" 

Fig. 61. 1 Menn Tenlperatilre of Atlantic 
ratiire of tlie Atlantic water miglit possihly 

Water, Sognefjord Rectioii. 
liave been i r i  earlier years, from whicli we I1 Ditto, 1,ofoteii Section. 
liave no observations. Il', moreover, the 111 Mean anomaly of Air-Tern- 
annua1 variations in the mean temperntiire peratilre a t  Ona 1.ighthoiise 
(helow the snrface) of the Atlantic water Dec. -&hy. 

in the Sognefjord section in May, are 
followed by aiinnnl variations i11 the distribiition of the ice in  tlie Barenis Sea, i11 

May two yenrs later, there oiight to be some rescuiblance between the last mentioned 

variations and the vari:itioiis in the vinter tempeiatiire nt 0113 Lightliouse, because 

they have probnbly to some exteiit the same caiise, i. e. variations in the temporature 

of tlie Atlantic mater of tlie soutbern Norwegian Sea. 

Fig. 62 proves tliat this is, to some exteiit, tlie case. Ciirve I represents the 

area of opeii water in the Bnrents Sen in May, i11 the years 1900-1908 (cf. Fig. 59) 

Ciirve I1 represents the iuean anomaly of the air-terilperatiire in Norway (at 22 
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- 
Fig. 62. I Area of Opeii Water in Bareilts Sea in &Iay (in hundred-thoiisands of 

sqiiare kilometres). 
I1 Meaii anomaly of Air-Temperatnre of Norway Dec. l-May 3. 

111 Ditto a t  Ona Lighthouse. 
IV Ditto in Vardo. 

stations) from December 1st  to May 31st, i n  1899--1907. (December is reckoned to  
the  followiiig year, so that  e. g. 1899 means Dec. lst ,  1898, to May 31st, 1899). 

Ciirve 111 represents the corresponding meaii anomaly of the air temperatnre a t  

Onn Lighthouse (6Z0 62' N., 6O 33' E.) 
The agreement between the  three ciirves, especially between I and 111, is  

fairly good in nine of these ten years. The mean air-temperatiire for Dec. 1st  1900 

to May 1901 forms, however, an  exception as it was fairly high, both in  the 

whole of Norway and a t  Ona Lighthouse, while there was ecxeptioiially much 

ice (or little open water) in the  Barents Sea in  May in  the following year (May 

1902). Ba t  we must expect to find sucli exceptioiis, because, as was poiiited oiit 

above, the winter-temperatiire of the air seems to depend chiefly upon the  qzcnntity 
of heat stored i n  the Atlantic water (i. e. both i ts  mean temperature and its  

voliime) while the  quaiitity of ice in  the  Bareiits Sea seems to depend more iipou 

i t s  mean temperature. I n  the summer of 1900 the Atlaiitic water seems to have 

been comparatively very cold in  the southern Norwegian Sea (which is also proved 

hy the low temperature of the  Atlantic water i11 the  Lofoten section of May, 1901), 

biit it had a wide distribution and i t s  volume was probably great (cf. p. 183). Its 

quaiitity of heat may conseqiieiitly have beeii comparatively great, which explains the  

fairly higli air-temperature in the following wiiiter, mhile i ts  lo\+. mean.temperature 

explains the exceptionally great distribution of ice iti the Barents Sea two years leter. 

It might seem probable that  there should be  a close relation between the  . 
distribution of the ice iii the  Barents Sea and the winter temperature a t  Varcio in  
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the same year. This is, however, iiot the case to any great exteiit; tlie ~vinter- 

teniperature at  Vardo seems to a gieater extent to follow that of the otlier parts of 

Norway, as is proved by Cilrve IV in Fig 62. It is only in the exceptional 

year of 1902, that the exceptioiially low winter-temperature in Vardo coincides with 

the exceptionally great qnaiitity of ice in the followiiig May. Hrrt  iii other years 

there is, i f  anything, a bctter agreement with the simiiltaneous menn air temperatures of 

Norway and coiiseclitrntly witli the clistiibution of ice in  the Ba~ents Sea olle year 

later. This proses tliat i t  cannot be the variations in the teinperature of the 

atmosphere which regulate tlie variations in the (luentity of ice in the Bareiits Sea, 

but i t  is much more the variations in the temperature of the water-masscs. 

The northward movement of the Atlantic water passing through 

the Norwegian Sea is on the whole very slow, as was pointed out 

above (pp. 166, 181); because i t  is only a sinall part of it, close to the 

continental slope, that  runs northwards with a considerable velocity, 

while the grea,ter part moves, soinetimes southwards, sometimes north- 

werds, or in other directions. The result is that the great mass of 

Atlantic water, observed in the Sognefjord section in May, takes a 

long time, a year a t  least, t o  pass through tlie southern Norwegian 

Sea; i t  is still there during the following winter, and will then give 

off heat to the utmosphere. 
We have mentioned above (p. 180) that the variations iii the meaii temperature 

of the Sognefjord section in May correspoiid nearly to the variations in the Lofoten scction 

iii the folloming May. Tlie differences hetweeii the simultaneous (i. e. in the same year 

and month) mean temperatiires, below the sea-suiface, 

of both sections vary much from one year to another. 

These differences, from May, have been introdiiced in le 
Fig. 63, Curve 1. Tbe broken-lined Ciirve 11, iii this 

figiire, represents the mean anomaly of air- tempe- 

rature a t  SSkomvrer (Lofoten), from Januaiy 1st to 2o 

March 31st of the same year, i .  e .  some months before 
Fig. 03. 

the observations in  the sea. The coiiisidence between 

these curves is very good. I t  shows that a great difference corresponds to a low winter- 
temperstnre, and vice versa. This agrees well with what lias been said above; a great 

differeiice of temperature bet~veeii the sectionf, in the same year iildicates that the 

Atlantic mater of tlie Lofoten sectioii Tvliicli has entered the Normegiaii Sea a t  some 

earlier period, lias heen mucli colder tliaii the water wliicli eiitcred the sea recciitly, 

and is fouiirl in the Sognefjord section. I t  is this "older" water that, during its 

passage through the Xorwegian Sea, has deteriuiiied the cliaracter of the winter- 

temperatnre of the air. 

The followiiig simple calculations niay serve to sliow that the thermic coiidi- 

tions of the sea can have a very grent effect upon those of the atmosphere. We liave 

previoiisly foiind that more tlian 100000 ciibic kilometres of Atlantic mater Bow iiito 

the Norwegiaii Sea every year. If iii it certain year, this qiiantity be cooled 0'1 O C, 
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more than lisual, aiid the whole quantity of lieat corresponrliiig to tliis rooling 

be given off to the amosphese, 33 million cubic Bilometres of air would be 

Iieated oil ai1 average l O C.(l)  This quaiitity correspoiids to a layer of air witli a 

height of 1000 metres aiid ai1 area three times as great :m that of Earope. I t  is 

therefore exriderit tliut those fluctuatior~s iii the mean tempci.atnre of the Atlantic 

water which are due to exchange with the atmosphere, will correspoiid to tlierinic 

fluctuatioiis iii enormolis cluantities of air. 

The above discussioii has beeii based upon the conditions of the 

water of the Atlantic current withont taliing the surface-temperature 

i d o  acconnt. The Atlantic water a t  intermediate depths seeins to 

have a conclusive influence upon the temperature-conditions of Norway. 

It is much to be regretted, however, that  no sufficient nuinber of 

observations exists from other seasons, during a series of years, so as 

to show with certainty the developrneiit and changes of the inean 

teinperature of the Atlaiitic water. 

It was pointed out above (p. 179) that  the variations in the 

mean temperature a t  the snrface differ much from the variatioiis a t  

interinediate depths. The meaii surface-temperatiire of the Atlantic 

water along the Sognefjord section in May of different year8 has been 

introduced in Fig. 64, the un- 

biolien line A. The entire line 

B repi-esents the niean nnornalp 

of the air-temperature a t  Oona 

1 -  0 
Lighthouse (62 " 52 ' N., 6 O R3 ' E.) 

I 1 
in the followiiig July;  and the 

Fig. 64. 
brolien-lined curves (C) 'represent 

the inean anomaly for the above-inentioned 22 stations in Norway, I V  

for April, V for May, and V I  for June. On comparing A with the other 

curves, we find that  there is no marked agreement mith the cnrve for 

April, but a very distinct one with those for the following months, 

even for July (B). The curve for May ( V )  shows especially a close 

agreeinent with the teiuperature-curve for the sea-surface of the same 

month, as was to be expected. It is a general featnre that a higli 

(1) The specific heat of atiiiospheric air is aboiit 0'238, aiid the absoliite spe- 
eific grarrity 0'0013. As the specific gravity of sen+vater is aboiit 1'0275, ive filid tlist 

the Iieat required for heatiiig 1 ciibic metre of water 1 C. will be able lo beat 
1'0215 

X 
2 3 6 ,  or more tliali 5300 cubic metres Q£ air 1 C, 
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temperature of the Atlaiitic surface-water in May corresponds to high 

air-temperatures in the following months. 

W e  have mentioned above (pp. 174, 179) that  the Sognefjord sec- 

tions of different years show differences in  the heating of the sea-surface 

from above. The ainount of the heating depends upoii two factors, 
1 vix. the direct radiatioil of heat froin the sun, aiid the teinpernture 

of the atinosphere. The foriner factor is the most important one [cf. 

HELLAND-HANSEN, l907 b]. The temperature of the atmosphere dep- 

ends both upon the direct radiation of heat, and on the teinperature 

of the surface-water. The temperature of the air was observed during 

the differeiit cruises in May ; they show, that during the cruise in May, 

1901, the air-temperatiire was, upon the wliole, lower (about 0.5" C.) 
tlian the teinperature of the sea-surface, and in May, 1902, i t  was 

considerably lower (aboiit 1 O C.), while the relatioii was the reverse 

during the cruise in May, 1903; in May, 1904 there was nearly 

thermic equilibrium between the atmosphere and the sea-surface. The 

last two cruises were made about a fortnight later in the season, wheil 

there is a relatively rapid increase of the air-teinperature. 

The radiation of heat from the siin thus raises the teinperature 

of both the air and the sea-surface. The heating of the sea- 

surface, observed in May, 1901 (cf. Fig. 48), was exclusively diie to 

this radiation; the contact witli the atinosphere would then lower 

the temperature of tlie sea-surface, or, in other words, the latter 

would raise the air-temperatnre. I n  May, 1902, the effect npon 

the surface-ternperature caused by the direct radiation of the sun 

cannot be seen ; the air-temperature WBS then considerably lower (1 or 

2 O C.) than during the same days of the precediiig year. The air- 

temperature wonld then essentially be lieated from the sea-surface, 

this being the primary canse of the variations in the air-ternperature. 

I n  May, 1903, the air-temperature was considerably higher than the 

surface-ternperature; the sea surface wonld then be heated by the con- 

tact with the atmosphere. 

The variatioas in the air-temperatiire iii winter, before May, 
l 
i depend to a very great extent upon the quantity of heat in the 
l 

l Atlantic water. But in summer the direct radiation of heat from the 
i suii will be the chief cause of the variations in the air-temperatures 

l 
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that  are higher than the surface-teinperature of the sea aiid therefore 

causes an  increase of it, this increase is, however, less than that  due 

to the direct radiation. W e  find accordingly in May the transition 

between the winter- og summer-conditions ; the radiation of heat will 

then become the primary cause of the variatioiis in the temperature 

of the air as well as of the sea-surface. But the difference in 

teruperatilre between the sea-surface and the air has also some effect, 

reciprocally although i t  is not great, as there is nearly thermic ecluilibriuin. 

When the sea is warrrier than the atinosphere, this will be 

heated by the contact with the surface; the winter-conditions are then 

prevailing. When the atmosphere is wariner than the sea, i t  will 

raise the snrface-temperatiire; the summer-conditions have then been ' 
established. Our observations (cf. Pigs. 48-52) demonstrate different 

examples of these relations. 

PETTERSSON has found that  the fluctiiations in the surface- 

temperature a t  Ona Lighthouse in spring correspond to qiiite similar 

fluctuations in the air-temperature of Sweden, and in the time of 

blooming of different plants, etc., and he has assumed that  the snr- 

face-temperature of the water is the primary cause of this ~o~respondence.  

We have already pointed out (p. 193) that  this assiiinptjon does not 

hold good ; the surface-temperature a t  Ona depeiids upon the radiatioil 

of heat, and is also to some extent the effect and not the cause of the 

air-teinperature. PETTBRSSON has, however, called attention to the 

faet that  the climate has a inarked tendency to keep the same cha- 

racter for periods of some months, and in different parts of large 

areas (e. g. Northern Europe). Tliis is a very important fact, and 

explains the coincidence, demonstrated by our Pig. 64, between the 

surface-temperature in May and the air-temperature of the following 

months; the anomaly of the air-temperature has more or less the salne 

character in June and even in  July as i t  had in May. The surface- 

teinperature in May corresponds to the air-teniperature of May, and 

accordingly als0 to the air-teinperature of the following inonths. In the 

same inanner as the character of the air-temperature for a couple of months 

may be predicted by means of the average aiiornaly of the air-temperature 

of the preceding months, a prediction of this kind may be based upon the 

anomaly of the s~irf;tce-temperature of the sea. Our observations show 
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that  this holds good, not only for the water close to the coast, but 

als0 for the Atlantic water a t  the surface far seawards in the Nor- 

wegian Sea. 

The teinperatnre of the sea-snrface is the result of the conditions 

during some time previously. It is not variable and local to the 

same extent as the air-temperature. The varying influences of the 

radiation of the sun and the contact with the atmosphere, will be 

acciimulated cluring soine time, and the mean temperature cal- 

culated for the sea-surface gives themforr, so to spealc, an average of 

the varying conditions; we might alinost regard the mean surface- 

temperature as the mean value of the air-temperature and the intensity 

of radiation for some weelcs before; not absolutely, of coiirse, but 

relatively. W e  find therefore also a nuinber of characteristic agree- 

ments between the mean surface-teinperature of the Atlantic water in 

the Norwegian Sea and siich phenomena in Norway as are chiefly 

influenced by the mean air-temperature. 

These relations may be demonstrated by the following figures 

65-67. The unbrol~en line I in fig. 65 represents the mean surface- 

temperature of the atlantic water " :Q:: ::z ;z:z 
along the Sognefjord section, in 8" 

May of different years (scale to 

the left). The broken line I1 (scale 

t o  the right) represents the mean 15 

growth, in centimetres, of the fir 7' 10 *. 

{piHus sz,lvestrid in easterli N~~~~~ Fig. 66. I Mean Surface-Teniperitture 
d J 

for the following years. J. HOLMBOE 
of Atlimtic Water in Sogne- 
fjord Section in Mav. 

[l9061 has made a number of I1 Average Growth (i11 cm.) of 

ineasurements of the growth of the Fir in Eastern Norway. 

fir during the years 1902-1906, a t  different localities in eastern 

Norway; the average values of his mensurements have been introdnced 

in the figure. The coincidence is remarkably good in all yea.rs except 

in  the first one; our observations froin May, 1901, seem upon the 

whole to be s ~ m e w h a t  abnormal. But there is als0 in this case an  

agreement. The curves show that  the variations in the mean surface- 

temperature of the Atlantic water in May corresponds very closely to 

the variations in the growth of the Norwegian fir in the next year, i. e. 
26 
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1-l1/2 year later. HESSELMANN and HOLMBOE have found that  the 

growth of the fir depends upon the climate of the preceding year, 

when the bud is formed. Fig. 65 shows even as good a coincidence 

as the mean aiy-temperature can give, and seems to show that  the 

growth of the fir may be predicted by oceanographic observations in 

the spring of the previous year. 

The curves in Fig. 66 represent: 

I. Mean surface-temperature of the Atlantic water along the Sogne- 

fjord section in May (scale to the left). 

11. Mean anomaly of the air-temperature in Norway in May and 

June, based iipon the observations of 22 meteorological stations 

(see above p. 194) (scale 
L l9?/ /?O2 003 1904 /9p5 
8' 

n : to  the left). 
I O, 111, The total harvest of 

peas, beans, and len- 
0% tils in Norway in  the 

n P same year (scale to 
3 - -P- /" - 600 

the right). 

IV. The total harvest of 
3 -400 

Fig. 66. all cereals (scale to 
the right). 

V. The total harvest of potatoes (scale to the right). 

VI. The total harvest of hay (scale to the left). 

The Curves 111-VI are based upon the official Statistic Annua1 

Report of Norway (l). The scales of 111-V inean thousands of hecto- 

litres, and that of V I  hundreds of tons. 

The agreement between the temperatures of water and air and 

the harvest in Norway is very good. MEINARDUS has found a similar 

coincidence between the air-temperature and the harvest of Germany 

[1906]. Our curves show that  a high surface-temperature of the 

Atlantic Current in May gives a good harvest and vice vel-sa; but the 

harvest of coiirse als0 depends upon the rainfall, etc. 

For some kinds of seed the heating of the soil in spring will be 

of essential importance. The ternperature of the soil depeiids upoii 

the direct radiation of heat from the sun 'and upon the temperature 

(1) Stafistislc Aavbog f o r  Iiongeviget Nog.ge 1901-1906. Christiania. 
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I of the atmosphere, just as the thermic conditions of the sea-surface. 

I W e  may find approximately the rate of heating of the surface-water, 

l caused by both these factors, by comparing the mean temperature a t  

l the surface with that  a t  some intermediate depth (e. g. 200 metres). 

Some time previously the temperature has been almost homogeneous 

in the Atlantic water down to a depth of, say, 200 rnetres; the heating 

l of the surface-layers in the spring will produce a difference between 

I the mean temperatures a t  the surface and a t  200 metres. By means 

I of this difference we may estiinate the combined effect of the solar 

radiation and the air-temperature upon the upper layers of the sea 

as well as upon the snrface of the land. 

I The differences between the mean temperatures of the Atlantic 

I water a t  the surface and a t  200 metres below the surface in the 

Sognefjord section, have been /ga/ /90Z /904 /905 
introduced in Curve I in Fig. 67. T 

I -  Curve I1 represents the total 20: 

harvest in Norway of barley, . 

and Curve I11 the harvest of I 
peas, beans, and lentils. The : 
coincidence is remarkably good ; 1"- 

it is perfect for the years 1902- 

1905; in 1901 the agreement is, 1 
as was als0 seen above, less per- - .50 

O" 
, r i  , 'il 

feet, partially owing to the fact 
Fig. 67. I Difference between Meari Temp. 

that  the cold waters from below of Atlaiitic Water a t  Siirface and 
made the mean temperature a t  a t  200 Metres. Sognefj. Section. 

200 metres unusually low. I1 Total harvest in Norway of Rar- 
ley in Thousands of Hectolitres. 

The comparisons made here, 111 Ditto of Yeas, Beans, aiid Lentils. 

prove tha t  in this respect there is 

l a wide field for most interesting research. But as long as there is 

I no more complete observation-material than n-hat has been a t  onr 

I disposal, one has, of course, to  be careful and not rely too much upon the 

i conclusions deduced from the observations of such a small number of 

1 years, although they may seem very probable and logically well founded. 
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3. Relation Oetzueen the Annua1 Vuriutior~s i n  the Temperature oJ the 

Atlantic Water and the Growth and Slxuining of Food-Fishes. 

It is to be expected that  variations in the physical conditions 

of the sea have great influence upon the biological conditions of the 

various species of fishes living in the sea, and i t  might therefore also 

be expected that sixch variations are the primary cause of the great 

and hitherto unaccountable fluctuations in the fisheries. It is therefore 

obvious that i t  would be of very great importance, not only scientific- 

ally but also practically, i£ the relation between the variations in the 

physical conditions of the sea and the variations in the biological 

conditions of the various food fishes could be discovered. As onr investi- 

gations have been carried on only for such a small number of years, 

we have no sufficient observation-material for a thorough study of 

this important question; but the observations at our disposal give, 

however, some most interesting indications. 

Fig. 68. I & 11 Mean Temperature of intermediate Atlsutic Water iii Sogiiefjord and 
Lofoten Sectiou. 

111 Meaii Temp. of Bareiits Sea Statious (cf. Fig. 69). 
I V  Quaiitity a t  Cod Roe obtained during the Lofoten Fislieries (iii Litres per 

1000 Fish; scale to the right). 
V Quautity of Cod-Liver obtained during the Lofoteii Fisheries (in Hecto- 

litres per 1000 Fish; scale to the left). 

Fig. 68 demonstrates the relation between the variations in  the 

lnem teinperature of the Atlantic water in the Sognefjord section (I), 
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in the Lofoten section (11) and in the Barents Sea section (111) for 

May, 1900 to 1904 and 1905, and th? variations in the qnantity of 

cod-roe (in litres per 1000 fish, IV) and cod-liver (in hecto-litres per 1000 

- fish, V) obtained during the cod-fisheries ('l skrei-fisheries ") a t  Lofoten 

in the winter and spring subsequent to tlie years of the Sogne- 

fjord section.(l) There is obvioiisly a tendency towards soine degree 

of parallelisrn between these curves. The quantities of cod-roe, as well 

as cod-liver, per 1000 fish are comparatively small when the Atlantic 

water was comparatively warm in the Sognefjord section of the preced- 

ing spring, in the Lofoten section of the sBme spring, and in the 

Barents Sea section of the following spring, and vice velesa. The agree- 

ment is not very satisfactory between the Barents Sea curve of 1900 and 

1901 and the curves IV  and V for 1899 and 1900. Biit i t  has to be con- 

sidered that  Curve I11 is not very trustworthy, especially not for those 

two years, as i t  is based upon an  iiisufficient number of observations. 

An exception is also the minimum of cod-roe in 1904, while there was 

a maximum of temperature in the Lofoten section of the preceding 

year, and in the Sognefjord section two years earlier(2). 

Our curves, Fig. 68, seem on the whole to indicate that  there 

is some Iiind of relation between the variations in  the developrnent 

of the sexual prodncts as well as the liver of the cod, and the varia- 

tions in the physical (or cheinical) conditions in the water of the Nor- 

wegian Sea, as shown by variations in the mean temperature of its 

Atlantic water. This is naturally no rnore than inight have been 

expected. During years when the physical (and chemical) condi- 

tions are favourable, biologically, i t  is to  be expected that  the cod 

will thrive and get fat, and its liver will become comparatively great. 

It seems als0 probable that  the sexual products will be well developed 

and grow ripe early in the season. It is consequently probable that  

the quailtity of cod-roe and cod-liver obtained per 1000 fish during 

the Lofoten fisheries following upon such favoiirable years, will be com- 

paratively great, and vice versa. 

(1) Cf. Norges of$ciellr Stntistik, Christiania, for the  different years. 
(2) We may, however, point out that  the voltime of Atlantic water with tem- 

perature above 8 C. i n  the  Sognefjord section, was larger in May, 1903, than in 
May, 1902 (cf. Figs 49 Ss 50). 
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It is, however, not a priori probable that the variations in the 

development of the liver and the sexual products will always coincide. 

The sexual products are developed and spawned each year while the 

liver is an organ, which certainly varies much in size, but it remains 

and has its special function. It is therefore probable that the 

development of the sexual products is more influenced by temporary 

variations in the physical conditons every year, while the variations in 

the liver will not be so sudden, and irregular, but have longer periods 

of decrease and increase. This seems als0 to be proved by the fishery 

statistics in a remarkable inanner, It has, however, als0 to be consi- 

dered that the figures given by the statistics are much influ- 

encecl by varioiis factors, especially the weather. If, for instance, the 

weather is unfavourable during the first part of the fishing season, 

the greater part of the cod may be fished during the eiid of the 

season when many fishes are spent. The result may be that a coin- 

paratively small qilantity of roe per 1000 fish is obtained, although 

the sexual products were well developed. It will thus be understood 

that the values, found by dividing the total quantity of cod-roe 

obtained, with the total number of cod fished during the Lofoten fisheries 

each year, cannot demonstrate with any high degree of accuracy the 
annua1 variations in the development of the sexual products. But as 

long as we have no more scientific investigations we have to use the 

values thus obtained, hoping that they give at least some indicit- 

tion of the great variations, although they may contain many in- 

accuracies. 

The quantity of liver will vary less whether the greater part of 

the cod is fished early or late in the season, but even this quantity 

will be somewhat dependent upon such more irregular factors. 

The regular spawning season of the Lofoten cod is between 

Febriiary and April. The development of the sexual products which 

are going to be spawned the following year, begins after the spawning. 

The cause of the annua1 variations in the quantity of cod-roe cannot 

therefore probably occur more than from 3/4 to 1 year in advance. It 
is consequently highly improbable that i t  should be the same cause 

which created the high temperature of the Atlantic water in the 

southerii Norwegian Sea in May, 1902 and 1903, and independently 



NO. 21 THE NORWEGIAN SEA 207 

of this condition produced the reduction iii the quantity of cod-roe 

(and cod-liver) iii 1903 and 1904. 

We may inention the Lofoten fisheries in 1903 as a striking 

example of the extent to which the growth of the fish and the develop- 

ment of its sexual organs depeiid upon the conditions iii the sea during 

the preceding year. The biological conditions were evidently quite 

abnormal in the northern parts of the Norwegian Sea during the 

winter and spring of that year. During the early part of the fishing 

season there was a universal laclc of fish of all kinds along the northern 

Norwegian coasts, and as Dr. HJORT states, "when the cod did finally 

arrive (in Lofoten), the appearance they presented was truly a miserable 

one". Already in the same year, 1903, he wrote the following about his 

investigations of the cod in Lofoten and Finmark: "Besides the excep- 

tionally poor quality of liver, which sank in sea-water, the scarcely developed 

sexual organs struck me as remarkable. Not only were the ovaries 

imperfectly developed, kut the extreriiely small size of the eggs in 

March showed a development that is ordinarily present in December 

or the beginning of January." It is coiisequently probable that the cod 

has had very unfavourable biological conditions in the sea during the 

preceding year. This coincides exactly with the unusually high temper- 

ature of the Atlantic water in the Sognefjord section of the preceding 

spring, May, 1902, and in the Lofoten section of the same spring, 

May, 1903. 

The Norwegian fishery-researches carried on under Dr. HJORT'S 

leadership, in connection with the International Researches during 

recent years have led to most important discoveries as to the varia- 

tions in the spawning and growth of the ordinary food-fishes. By 
comparing the results obtained, with the variations in the mean tein- 

perature of the Atlantic water in the Norwegian Sea we find almost 

in every respect remarlcable agreement. 

We may as an example take the variations in the spawning and 

growth of the haddock (Gadus aeglt$~us). The International Researches 

prove that this fish spawns in the northerii area of the North Sea in 

deepish water. This is consequently near the region of our Sognefjord 

section. The spawning season is in the early spring. By determining 

the age of n great nnnmber of fishes in different catclies and from 
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different regions of the North Sea and Skageraclc it was discovered 

that by far the greamtest quantity of haddock found in these regioiis in 

1903 to 1907, had been born in special years only, wliile coinpara- 

tively very few individuals had been borii in the other years. Helland- 

Hansen has worlced up the large nuinber of haddoclc-ineasuremeiits 

made by the English and German research-steamers iii the North Sea, 

and has, for instance, found the following values of the average 

iiuinber of individuals per hour of trawling: 

111 1903 1904 1906 1906 

Small Hnddoclr 30 8 6 12  individrials 

Extra Small - 11 4 12  61 - 

The market-group " Extra Small " coiisists of individuds which 

are 1 aiid 2 years old, and the individuds belonging to the marlcet- 

group "Small" are 2 and 3 years old. From the above average num- 

bers of individuals in the catches it will thus be seen that in the 

North Sea there were very few individuals borii in 1902 and 1903, but 

many that had been born in 1901 and 1904 [HELLAND-HANSEN, 19091. 

I n  Fig. 69 Curve I represents the mean 

temperature of the Atlantic water in 

the Sognefjord section, in May, and 

Curve I1 the average number of Small 
10 

Haddoclc caught per hoiir during the 

trawling eaperiments of the' research- 

steamers in the North Sea. We have lo only observations from 4 years for 
I I 

Fig. 69. 
comparison ; but the coincidence within 

these years is striking. 

At the same time it was found that the growth of the haddock 

was much slower in the years with poor spawning, e. g. haddocks in 

1902 and 1903 were smaller than haddocks of the same age in 1905 

and 1906. 

The above results as regards the variatioiis in the number of 

"small haddocks" are perfectly confirmed by the English official sta- 

tistics giving the quantities of haddocks laiided a t  English ports. Great 

quantities of "small haddocl~" was lailded iii 1903, while in 1904 the 

quantity was very small, and in 1905 still smaller [cf. HJORT 1908, 
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Fig. 17, p. 33, and HELLAND-HANSEN, 1909, Fig. 30, pp. 43-44]. This 

proves that the number of haddocks born had been small in 1902, and 

still smaller in 1903. 

The above facts agree in a remarkable manner with the varia- 

tions in the mean temperature of the intermediate Atlantic water i11 

the Sognefjord section. A comparatively high mean temperature of 

the Atlantic water coincides with a poor spawniiig season of the had- 

dock, while lower mean temperatures coincide with the two good 

spawning seasons. But what is almost still more remarkable is that 

the variatioiis in the spawning of the haddock in the North Sea coin- 

eide with the variations in the quantity of cod-roe (per 1000 fish) 

fished in Lofoten during the following winter and spring (cf. the 

resemblance between the curve of small haddock, iii Fig. 69, and Curve 

I V  in Fig. 68). This fact seems to indicate that the two kinds of 

variations have the same cause, the effect of which is felt one year 

earlier in the North Sea than farther north, in Lofoten. 

It is a noteworthy fact that  the curve in  Fig. 69 indicates a minimum, of had- 

dock born, i n  1903, as Curve IV, Fig. 68, indicates a minimum of cod-roe the following 

year in  Lofoten, although tlie mean temperature of the Atlantic water i n  the  Sogue- 

fjord section was higher in  1902 than in  1903. But it is  probable that  there has 

been a maximum in  the  relative temperature of the Atlantic water a t  some time 

between May, 1902, aud May, 1903, and this time may halre been the important one 

for the  development of the fish. We ha re  also pointed out, tha t  there was more 

Atlantic water with temperature above 8 C. in the Sognefjord section in May, 1903, 

than in  May, 1902 (cf. p. 206, footnote); and it i s  possible that  this may indicate some 

difference of iniportance during tlie preceding year. It is  also noteworthy that  there 

was less coast-water alorig tlie Norwegian coast i n  May, 1903, than in  May, 1904 

(cf. Chap. VIII). 

Otlier cod-fishes in  the North Sea, which have been examined, show similar 

variations in  their spawiiing and growth. We iuay also mention the  herring, which 

is mentioned i11 No. 1 of this Report ["Heview of Norwegian Fishery Investigations 

1900-1908 "I. 
The quantities of Norwegian maties (fat-herring) caught in  the summer of 

1907, were composed of tmo year-classes, 2'12 and 3'12 years of age, i. e. they had 

been born in  1905 anil 1904. In  the  summer of 1908 the prepondeiating inajority 

of niaties were 4'12 years old, i. e .  they had been boin in  1904. This proves that  

the  4l/2 years old lierring had not gone to the "large-herring" ("storsild"), and i f  

there had been herriiigs of this age in  1907, they would have been caught with tlie 

otlier year-classes of inaties. Brit both in 1907 and in 1908, exceedingly few 

iiicliriduals born in  1903 were foiind. This proves that the spawiiing of the  herring 

has beeii very poor that ye:ir, just like that of tlie haddock, whicli roincides witli 
27 
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the  high mean temperature of the Atlantic water. We have unfortunately no 

observations from which we can conclude h o v  the spawiiing of the Iierring was i n  

1902. The above inentioned observations of 1907 and 1908, seem to indicate that  

the spa~vning of the herring was not so good in  1906 as in  1904; althougli tlie meau 

teiilperature of the Atlantic water i n  the  Sognefjord section was lower in  May, 1906, 

than iii May, 1904. We pointed out abore (p. 206) that  there was more Btlaritic water 

with temperatures above 8 C .  in the  Sognefjord sectioii i n  May, 1905, thaii in May, 

1904, and tliis might indicate some differeiice of importance. It is  possible that  other 

fartors, e. g. tlie coast-tunter, are of importaiice. There was much coast-water i n  May, 

1904, but less in  May, 1906, and much less iii May, 1903; i t  will be shown iii 

Chap. VIII, tliat there is evideiitly a connectioii between the quantity of coast-water 

and tlie catclies of small herring. It is  also noteworthy that  iinnsually little Arctic 
water, mitli salinity below 34'90 ' / o o ,  was observeci in the  Sognefjord sectioii of Mag, 

1906 (cf. Fig. 52), while there was much i n  May, 1904. 

There are great variatioiis in the time when the Lofoten cod 

coines to the banks, and when the inain body of i t  is caught in the 

different years. W e  have, for instance, mentioned that  the cod arrived 

exceptionally late in 1903, and was in a very poor conditioil. 

As the cod comes to the Lofoten Banks for the purpose of 

spawning, i t  inight seein probable that the time of its arrival is 

influenced by the development of its sexual organs. It is there- 

fore probable that  in years when the biological conditions in 

the sea have been favourable and the sexual products have been 

early developed, the cod will arrive relatively early, and vice versa. 

W e  have pointed out above that  the annual variations in the meaii 

temperature of the Atlantic water probably coincides with variations 

in the biological conditioiis of the sea, as they are also followed by 

variations in the air-temperature. If this be correct, i t  might thus be 

probable that  there is some lcind of reseinblance between the variations 

in the temperature of the Atlantic water, as well as the air, and the 

variations in the tinie of arr ivd of the cod at the Lofoten Bailks. 

I n  order to study this question we have calculated for a series 

of years the proportion between cod caiight in Lofoten before March, 15, 
and the total quantity caught during the whole of the fishing season 

(end of Januajry to encl of April). The superintendant of the Lofoten 

fisheries a t  Svolvær has for a 'great  number of years made observations 

of the air-teinperature a t  noon, during the fishing season, and we 

have made use of the average of all these temperature-observations. 

The curves in Fig. 70 represent: 
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I. Tlie inean teiriperature of the intermediate Atlantic water in the 

Xognefjord section, in May. 

11. The mean air-temperature a t  noon, observed a t  S~olvæl-, in 
O /g02 /g03 i304 / 9 0 5  

Lofoten, during the fishing Z - Z / 9 0 2  ,904 

season. 

111. The nuinber of cod (in 

millions) caught before 

March, 15. 
e - 70 

~ w ~ S s S % w ~ ~  W5 

+ c e  
I 6'- 
O 
00 Fig. 70. 
m 
ri 

IT. The percentage of cod caught 
.3 

L 
4 before March 15, in propor- 
, h  
0 .Z tion to the total quantity of 
6 2 

2 the whole season. 
o Q 

d Here, too, we have a very good 

2 2 ' B coincidence. It is noteworthy that  

2 3 Curve 11, representing the air-tempe- 
w 
o .ci rature a t  Svolvær, agrees very well 
6 3 
8 3 with the Curve (I) of the mean teinpe- 
a rature of the intermediate Atlantic 
g .g , water of the Sognefjord section in 

! h N, of the preceding year. It will g 9 
m 2 be seen from the tables on pp. 177, 

X 
g 182 that  the mean intermediate tem- 

g 5 perature in several cases show the 
4 2  -Y 

m a same fluctuations as the figures re- 
E g 
3 U 

presenting the total quantity of heat 
U e 
%i3 in the Atlantic water; this will always 

be the case when there are not too rol: 
.3 great differences in the volume of 
-4 5 

FI 
water. We might therefore expect 
t o  find soine agreement between the 

H H 

annual variations in the mean air- 
+ 
i- temperature a t  Svolvær, and the 
M 

Q G variations in the percentage of cod 
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: caught before March 15, in proportion to the total quaiitity caught 

during the whole season. This holds good, as is deinoilstrated by 

Fig. 71. Curve I (unbroken line) represents the mean air-temperature 

a t  Svolvar, from the end of January to the eiid of April, for each 

year from 1880 to 1907; Curve I1 (broken line) represents the percen- 

tage of cod caught in the first half of the season (before March 15). 

The curves include 28 years; there is a good agreement in 25 of 

these 28 cases (i. e. in 89 O/O), and in maily of them even a perfect 

parallelism. It is probable that a still better agreement would have 

been found if we had possessed observation-material for comparing 

the percentage of cod directly with the teinperattire of the Atlantic 

water. 

We have pointed out above the probability of an agreemeiit 

between the variations in the quantities of cod-liver and cod-roe, per 
1000 fish, caught each year in Lofoten, and the yearly variations in the 

mean (intermediate) temperature of the Atlantic water, in the Sogne- 

fjord section of the preceding spring and in the Lofoten section of the 

same spring. If this be correct, and if to some extent there is an 

agreement between the mean air-temperature in Norway in the winter 

and the temperature of the 
k- 

Atlantic water, we may ex- 
G pect to find, a t  least some 
.d 
3 kind of agreement between 

8 the variations in the air- 

$ ternperature and the said 

+! variations in the qiiantities 
6 

of cod-liver and cod-roe. As 
rl 
u we have observations of the 
Q, 

rP teinperature of the Atlantic 
W 
O water in the Hognefjord sec- 
C 

$ tion only for five years, while 

we have meteorological ob- 

3 servations from Norway, as 
E-r 

well as statistics of the Lo- 
& 
" foten fisheries, for a much 
bb 

I;; longer series of years, me may 



Fig. 73. I Aiiomaly of Mean dir-Temperature from Nov. 1 to Spr. 30, a t  Ona Lighthouse, 1875-1907. I a  is the Avera,ge-Curve 
(scale to the right). 

11 Quantity of Cood-Liver, in Hecto-litres per 1000 Fish, Lofoten Fisheries. 
111 Quantity of Cod-Roe, in Litres per 1000 Fish, Lofoten Fisheries. I I I n  is the Arerage Curve (scale of I1 & I11 to 

the left). 
I V  Variations in the Number of Sun-Spots (scale, giving the relative numbers, to the right). 
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use these in order to examine whether they confirm the agreement we have 

found between tlie variations in the temperature of the Atlantic water 

and the fisheries. Biit as the air-temperature evidently depends upon 

the quantity of heat stored in the Atlantic water, and not merely 0x1 

its rnean temperature, we cannot expect the confornlity between the 

two kinds of variations to be very good, except in years when there 

has been no great differeiices in the volume of the Atlantic water. 

The broken-lined Curve I, in Eig. 73, represents the variations 

in the anontaly, of the mean air-tenzperature (scale to the right) at Ona 

Lighthouse, from Noveinber 1st to April 30th, for the years between 

November, 1874, and April, 1907. The numbers of the years are so 

arranged that e. g. 1875 means November, 1874, to April, 1875, &c. 

The curve of the inean air-temperature a t  22 meteorological 

stations in Norway in the saine months (Nov.-Apr.) is quite similar 

to this curve, only the variations are soinewhat greater and they 

seem to be more influenced by some continental factor. 

Curve I1 (Figs. 72 $ 73) represents the quantity of cod-Ziver, in 

hecto-litres per 1000 fish (scale to the left) and Curve I11 the quantity 

of cod-roe, in litres per 1000 fish (scale to the left), caught in Lofoten 

in the years 1874-1907. 

As the Curve I (of the mean air-temperature) and Curve I11 

(of the quantity of cod-roe) show very great yearly variations we have 

constructed average-curves, by introducing for each year the mean 

of the means between the value for that year and those for the pre- 

ceding and the following years, computed according to the formula 

b i- c + 7 We have thus obtained the curves I a  and I I Ia .  
4 

There is a greater resemblance between the three curves I a, 11, 

and I11 a, than we had expected that there could be, considering the 

deficiency of the observations on which they are based and the in- 

accuracy of the methods used; because Curve I can only give an approxi- 

mate indication of the variations in the mean temperature of the 

Atlantic water, and the curves I1 and 111 give no accurate represen- 

tation of the variations in the actual development of the liver and 

roe of the cod in the different years, the quantities caiight depending 

much on various more or lees accidental factors, as was mentioned 



NO. 21 THE NORWEGIAN SEA 216 

above. Nevertheless, a t  least the great periods coincide very nearly 

in all three curves, minimum of temperature falling on inaxiinum of 

liver and roe, and inaxiinuin of temperature on iniiiimum of liver aiid 

roe. The inost cospicuous exception is the year 1890, when there 

was an actual maximum of temperature coinciding with a maximuin 

of liver and a secondary inaximum of roe. We see that the teinpera- 

ture of that year, and partly also that of 1891, brealcs the regular 

periodicity of the temperature curve, and we may assume that some 

special factor Ilas had exceptioiially great influence that year. We 

also see that the high temperatures of 1906 and 1907, do not agree well 

with the comparatively great quantities of cod-liver and especially 

cod-roe; but we have seen above that the high air-tempertcture of the 

winter 1905-06, was due to a great quantity of heat stored in the 

Atlantic water which had a great voliiine, while its inean-teinperature 

was lower thaii the three preceding years (cf. Figs. 59,60)(1). 

It is probable that if we had actually had the mean teinperatures 

of the Atlantic water in the various years in stead of that of the air a t  Ona, 

and if the relative quantities of cod-liver and cod-roe (pr. 1000 fish) had 

been deterinined by inore accurate iuethods, in order to show the real 

condition of the cod, the conforinity between the curves would have 

been still better. Biit our curves, even as they are, confirm the correct- 

ness of our conclusion, drawn froin the observations of five years 

(1901-1905), that there is a close relation between the yearly varia- 

tions in the conditions of the Lofoten cod (as well as some other food- 

fishes)--and also the time of its arrival a t  the banks-and the yearly 

variations in the meaii temperature of the Atlantie water, as found 

in the Sognefjord section of May of the preceding year. And on 

the other hand these curves also confirm our conclusion that there 

is a close relation between the yearly variations in the heat of 

the Atlantic water, as found in the Sognefjord section in May, and 

(1) We ineiitioned above (p. 210) that the spawning of the herring iii the 
North Ben, seems to have beeii poor in l905 while i t  was goocl in 1904, whicli 
appears to indicate more favourable biological conditions in 1904 than in 1906. We 
ehould then expect the rod in Lofoten to linve heeii in  a poorer coudition in 1906 
thnii in 1905; but this cloes not appear to hare been the case. But we poiiited 
oiit th:~t there may probable be other factors (e. g. the coast-water) that infiueiice tlie 
sgawriiiig of tlie herring. 
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the charactei of the air-temperature in Norway in  the following 

winter. 

Agreement with the Periods of the ,Yun-Spots. The cnrve repre- 

seilting the variations in the quantity of cod-liver per 1000 fish struclr 

us as demonstrating reinarkably regular periods, that  have some simi- 

larity to the periods of the sun-spots, although according to the obser- 

vations a t  our disposal, they might seein slightly shorter. The brolren- 

lined Ciirve I V  in Fig. 73, represents the secular variations in  the 

number of sun-spots (the scale showing the relative nuinbers is to the 

right). [According to RUD. WOLB and Dr. WOLFER]. W e  have com- 

puted the quantities of cod-liver and cod-roe per 1000 fish for the 

Lofoten Pisheries for  all years from which we could obtaiil observations, 

which is after 1859(1); iii Fig. 72 we have introdueed the curves 

for these quantities and for the sun-spots for the years previous to  

those of Fig. 73. With the exception of the first part of the time, 

before 1873, when the fishery statistics seem to be less trustworthy, 

there is a fairly good agreement between the three curves, especially 

between the curve of the cod-liver and the curve of the sun-spots, the 

maxiinuin of cod-liver liaving a marked tendency to coincide with 

minimum of sun-spots, although the three periods which are most 

distinct in the cod-liver, viz. between 1880 and 1907, seein to be slightly 

shorter (perhaps 10 years?) than the periods of the snn-spots. How 

this would be for a greater number of years, *ve cannot say. Fig*. 72 

indicates that  in 1860 a maximiim of cod-liver coincided with a inaxi- 

mum of sun-spots, but the statistics for this early time seem to  be 

of somewhat doubtful value, as is als0 proved by the two curves for 

cod-liver and cod-roe which, especially during the period froin 1859 to 

1870, diverge from each other in a manner which is a t  variance with 

the curves for later years when the statistical material is inore trust- 

worthy. W e  assume that  the curve of the cod-liver is the more 

reliable one of the two, as i t  showa more reseinblance in shape to 

later years. 

(1) The observations for 1859-1866 are talren froin the report on the Lofoten 
fishery of 1866, in Bi lag  til Departements-Tidede ATo. d 1  f o r  1865; for 1866 to 1881 
from Retrospective Tables in iVorzoe,giam Statistics C. No. 9. Statistics of the Sea 
Pislteries of Norzoay, 1881, Christinnis 1883; for Ister years Norges officielle Stat is t ik ,  
Tabellel- vedk. ATor,yee Fiskerier. Christioiiia. 
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Fig. 73 also demonstrates a similarity between the periods of the 

sun-spots and the periods in the winter-temperature of Norway or a t  

Ona Lighthouse (Cnrve I a). 

Trustworthy observations from a greater nuinber of years wonld 

be desirable in  order to draw certain conclusions; but oiir curves, in 

Fig. 73, evidently prove the existeiice of a relation between the different 

lcinds of val-iations mentioned, and probably also between the variations 

of the sun-spots and the variations in the Atlantic Current. 

It has been known that  there is a connectioii between the periods 

of the sun-spots and the variations of several other terrestrial pheno- 

mena. R. g.  a tendency has been fouiid towards a coincidence between 

the maxima of sun-spots and comparatively warm springsi i11 northern 

Europe [cf. ARRRENIUS, 1003, p. 1451; while I~OPPEN has shown tliat 

in the Tropics the nti~zinzu of the ii1ean aniiiid teinperature occur 

about a year before the nzuxima of sun-spots. A relation between 

the periods of the sun-spots and the variations of different biological 

phenomena on land has also been observed, e. g. an earlier occnrrence 

of the blooming of various plants, and also a better vintage in years 

with niirnerons sun-spots, and vice versa. It has been pointed out 

[cf. ARRHENIUS, 1903, p. 1461 that these variatioiis might be explained 

by an increase of the barometric minima in the northern Atlailtie 

during the first inonths of years with niimerous sun-spots, and that 

iii this manner prevailing soiitherly wiiids diiriilg the spring are created 

in northem Europe. These baroinetric minima in the Atlantic inay 

be due to variatioiis in the Gulf Stream, and ARRHENIUS thinks that 

tlie Gulf Streain may be increased by the greater frequency of cyclones 

iii the region of the Antilles during years with nunierous sun-spots. 

W e  thinlc that  our investigations prove that  the Atlantic Current 

(Gnlf Xtreain) rnoves so slowly that  an explanation such as this is 

not quite satisfactory; but we consider i t  probable that  the periodicity 

in the sun-spots, or iather ill the energy received froin the sun, causes 

variations in the oceanic currents (either directly or indirectly, through 

the atinosphere). Our investigations prove the probability that the 

variations in the Norwegian Atlantic Current cause agaiii variatioiis 

in the winter-temperature of Norway, iii the following winter and 

spring, and also variations in the fisheries. 
28 
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The relation between these different lcinds of variations is, how- 

ever, very complicated, and will reqnire special investigations which 

we have to postpone for our later publication on the Hydrosphere 

and Atinosphere.(l) 

Relation bett(:eel~ the Vuric~tions i n  tlze Spnzclning (Corl-Roe) anrl the Quantity of Co11 
i n  the Sea. 

W e  have fonnd that  the varilttions in the biological conditions in 

the Norwegian Sea, due to the variations in the water of the Atlaiitic 

Current, cause variations in the development of the sexual products, and 

coilsequently in the spawning.(2) If this be correct, we must conclude that  

in this inanner variatioiis are also caused in the quantity of fish living 

in the sea; and after a certaiii nuinber of years, which the fisli requires 

for reaching the mature age, the above mentioned variations ought 

consequently to be repeated, to some extent, in the total number of 

fish caught. The statistics prove that  our assuinptions hold good also on 

this poiilt. Fig. 74 is the resnlt of our i~ivestigations. DAMAS [l9091 

has found that  the qiiailtities of Lofoten cod, coming in from the sea. 

to the banks for the purpose of spawning, are mature fish of a great 

many year classes, chiefly froin 7 to 12 years old. W e  cannot there- 

fore expect to fiild that  the successful or unsuccessful spawning of a 

certain year will have a very conspicuous influence upon the quantity 

of cod caught after n certain number of years; but we may expect 

that the average state of the spawnjng during a number of years 

(1) It might seern probable that variations in tlie sun directly inflrience the 
biological conditions in the sen. I t  has beeii found tliat the formatioil of cloucls iii 
the Atinoshere varies witli tlie iinmber of suii-spots. It might therofore be possible 
that during maxime of suii-spots and maxima of clouds, the biological coiiditions in 
the sea were made less farourable, as the amount of sun-light reaching the sea siirface 
inight be reduced. Biit jf this be the chief cause of the veriations in the biological 
conditions we must cxpect that the unfnvourable co~iditioiis woulcl occiir simultaiieously 
in all regions. We have, however, found that they occur one year later in Lofoten 
than in the North Sea, which proves that they follow the inoviiig water innases, 
aiid are iiot directly due to variatioiis in the siiii-liglit. Shis is also proved by 
the f:tct tliat tlie mnxima of suii-spois coincide with fnroarable biological conditions 
(for the plants) on land, aiid with unfavourable biological conditioiis in the Nor- 
vegian Sea. 

(2) It is probable that the spawning vi11 be most siiccessful in the years wheii 
the sexual prod~icts are \vell developed and the spawning occiirs a t  the norinal time. 



Fig. 74. I Quantity of Cod-Roe, in Litres per 1000 Fish, Lofoten Fisheries, 1859-1901. I a  -4verage-Curve. 
I1 Quantity of Cod-Liver, in Hecto-litres per 1000 Fish, Lofoten Fisheries (seale to the right). 

I11 Total Nurnber of Cod, in Millions, caught during the Lofoten Fisheries, 1859-190'7 (scale to the left). IIIci Average-(:urve. 
IV Total Number of Cod, in Millions, caught during the Finmark Fisheries, 1866-1906 (scale to the right). I V a  Arerage-Curve. 
V Arerage-Curve of Mean Air-Temperature (Nov. l-Apr. 30) at Ona Lighthouse (cf. Fig. 73, Ia) .  
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will influence greatly the quantity of cod in the sea, and consequently 

also the qiiantity of fish coming to Lofoten. Oiir average-curve 

I a  of the quantity of cod-roe per 1000 fish (C~irve I I I a  in Fig. 73) 

may to soine extent represent the average state of the spawniilg 

during three years a t  a time (see above). It might be more difficult 

to find a trustworthy method for measnring the quantity of cod in  the 

sea; the total number of cod fished every year depends naturally much 

iipon the qriantity of fish existent in  the sea a t  the time, but it is 

also influenced by %ai-ioiis accidental circunistances, e. ,q. the weather 

during the fishing season, the migrations of the fish, and the time 

when i t  coines to the banks, whether eai-ly or late, &c. But  having 

no better observations we have to use these numbers. It inight be 

expected that  the number of cod fished per man, would be more 

acciirate. W e  have tried both methods but the two curves show no 

difference of iinportailce; we have therefore used the total number of 

fish caught during tlie Lofoten fisheries every year, for the construction 

of our curve I11 ( I T 1  a is the average-curve ; cf. above p. 214). 

As the age of the Lofoten cod is chiefly 7 years and inore, we 

have rnoved the curve 7 years to the left in relation to the curve of 

the quantity of cod-roe (Curve I), so that, for instance, the number of 

cod caught in 1907 comes under the relative quantity of cod-roe in 

1900. The reseinblance betmeen the variations showii by the curves 

seems to us to be reinarkably good, considering the inaccurate inethods 

nsed. The agreeinent is especially good after 1875 of the cod-roe, corre- 

sponding to 1882 of the total nninber of fish caught. Before that  tilne the 

curves, especially the curve of the cod-roe, show certain peculiarities 

which are probably diie to inacciirate statistics or other circumstances. 

According to the cnrve the cod seeins to have had remarkably little roe 

during the years from 1859 to 1874, and worst is i t  in the first years, 

before 1865, when probably the statistics are less trustworthy. The 

curves of the cod-liver (11) agrees here better with the ciirve of the 

quantity of fish, and inay possibly give a more correct representation 

of the variations in the biological conditions of the cod. The statistics 

of the cod-liver may possibly have been better than tlie statistics of 

the cod-roe for those years; but even they seem somewhat doubtful 

especially in the first years. They indicate that  before 1862 the cod 
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had more liver than ever since that  time, while a t  the same time the 

cod-roe should have been unusiially small, in 1863 there should even 

have been ai1 absolute minimum of cod-roe, per 1000 fish, eqiialled 

oiily by that  of 1904. 

This is hardly possible, but it is difficult to say which values 

are most a t  fault, whether those obtained from the statistics of the 

cod-roe, or those from the statistics of the liver. 

According to Danfas(1) the main quantity of the cods of 

the Finmark Fishepies (the Capelin Fisheries) are froin 4 to 6 years 

old. If we assume that  this cod has chiefly been born on the 

banks of Lofoten and Vesteraalen i t  seeins probable that there is 

some lcind of agreeinent between the fluctuations in the spawning (or 

in the development of cod-roe) in Lofoten, and the flnctuatioris in the 

Piilmark capelin fisheries about five years later. Cnrve I V  (Fig. 74) 

gives the total number of cod fished every year in Finmark, and 

seems to indicate an  agreeinent in the fliictilations, of the kind 

rnentioned; biit i t  has to be considered that the Finmark fisheries are 

evidently also greatly dependent on other and more local coditions 

(especially the niigrations of the fish), so that  the agreement cannot 

be expected to be very perfect. The two cnrves, 111 and IV, iiidicate 

moreover that  there is soine kind of relation between the fluctuations 

iii the E'inmark fisheries and in the Lofoten fisheries about two years 

later(2). 

W e  have added in Fig. 74, the average-ciirve (V) of the air- 

temperature a t  Oiia Lighthouse (cf. Fig. 73), in order to show how 

well tlie fluctuations of this curve agree with the fluctuations of the 

curve of the Lofoten-fisheries 7 years later, aiid the curve of the Finmarlc 

fisheries 5 years later. 

After the precediiig sheets Iiad been printed me have obtained the following 

data coneerilirig the Lofoten Ezsheries of tlie two last years: 

(1) Cf. This Report, No. 1, p, 161. 
(2) Dr. RRUNCIIORST [l8091 tlioiiglit thilt he iiad foiiiid all agreement betmreen 

the fliictnations in the Finmarlr fisheries and i11 the Lofoten fisheries of the following 
year. \Ve thinl; that oil the mhole they agree better if we take an interval of two 
years as is proved by onr curves. This is d s o  in better conformity ~ v i t h  DAIIAS'S 
determinations of the ages of the cods of the two fisheries. 
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Total Nnmber Cod-Roe. Cod-Liver. 

of Cod caught. Litres per 1000 E'ish. Hecto litres per 1000 Fisli. 

1908 13,300,000 149 3'63 

1909 16,800,000 122 Above 3(1) 

The cod Iias coiiseqiiently beeii in very good condition (with well (Icveloped 

liver and sexual orgalis) in both years. This is jiist wliat miglit be expected, as we 

are approachiug a miriimnm of sun-spots (next year). The total nnmbers of cod 

caiight are smaller than in 1906 and 1907. This agreey witli the differenees in the 

relative qiiantity of cod-roe 7 years earlier (see the arerage curve Fig. 74, Ia ,  and 

Fig. 73, IIIa). 

The mean anomaly of the air-temperatuie a t  Ona Lighthoiise for November lst ,  

1807, to April 30ti1, 1908, mas + 1'06O C. mrhicli is liiglier than iii 1906 and 1907. 

For November, 1908, to April, 1909, i t  was + O ' G O  C. TIiis does not agree with the 

approaching minimiim of siin-spots, nor with the great relative yaaiitities of cod roe 

aud cod-liver i11 1908. The air teniperatiire of the last years has evideiitly been a 

similar exception as vr7e foiind i11 the years about 1899 (cf. p. 216). bnt it loolrs as if 

the comparatively low temperatiire of this spriug (1909) is more in  accordaiice with 

tlie riile. The mean aiioinaly for Febi.-Apr., 1909, Tvas - 1'0° C., and May v i l l  

probably be still colder. 

W e  began by finding a striking similarity between the variatioiis 

in the temperature (and quantity) of the Atlantic water in the Sogne- 

fjord section and the variations in the winter-teinperature of Norway 

(in the following winter), in the growth and spawning of fish in the 

North Sea in the same year, in Lofoten in the following year, in the 

distribution of the ice iii the Barents Sea two years later, &c. &c. 

Although the coinformity between the different kinds of variations 

were in rnany cases remarkably perfect, oiie caiinot draw any certaiii 

conclusions from observations of such a small number of years. Biit 

after ha,ving now, by varions methods, extended onr investigations 

over a inuch longer time, nearly fifty years, and having foiind the 

correctness of our conclusions confirined, more or less, everywhere, they 

have become considerably better fouilded. The coincidence between all 

the various facts meiitioned, of so widely different nature and talcen from 

so different soiirces, is striking, and i t  can no inore be ignored as 

inerely accidental. 

As the variations in the meaii teinperature of the Atlantic water 

in the Sognefjord section are antecedeiit to  inost of the other varia- 

(l)  The exact quantity has not yet been compiited, but the fish  vas fat, and 

there was certainly more than 3 hecto-litres liver per 1000 cod. 
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tions we must assuine that  either the variatiori in the sea temperature 

is the primary cause of the other variations, or it is an indieator of 

variations i11 the physical or cheinical conditions of the sea which are 

the primary cause. 
It is easy to understand that even small variations iii the sea temperature may 

have an appreciabtble effect upon the temperatiire of the atmosphere, as was pointed 

orit above. Uiit i t  is more difficiilt to understand that such coinparatirely small 

clianges should directly have so marked an effect upon the growth and spawniiig of 

fish, especially cousideriiig that this effect is conspicuous in so widely separated areas 

as tlie North Sea and the sea off northerii Norway (aiid probably even iii the Barents 

Sea), where the thermic c~ndit~ioiis differ so much. I t  is iiot probable that the food- 

fisbes which migrate so widely, should be so depeildent on slight variatioiis in the 

temperatiire of the water iii ~ ~ h i c l i  they live. I t  is then more probable tliat i t  is 

the plankton being the food of the fishes, which is dependent on the water- 

temperature, hut even tliis does not to us seem to be a satisfactory explanation OS 

the facts. Wc are ratlier inrlined to believe that the variations iii temperature are 

accompanied by variatioiis in other pbysical or chemical coiiditions of the Atlantic 

water, and that there may to somc extent be variatioiis iii the Iriilds of water coiiveyed 

by tlie Atlantic Curreiit. That such variations actually occur, seem, for iiistance, to 

be indicatea by the sudden orcurreiice of Bidrlulpl~ia sinensis along the coasts of the 

North Sea. This tropical planktoii form whirh had previously never been observe<l in 

tlie northerii seas, ?vas suddenly after October of the famoiis year 1903, fouiid iii 

great qiiaiitities in the sea aloiig the coasts of Jutland, in  Skageraclr and Kattegat, 

aiid aloiig the coast of Norway. I t  had iiot cxisted in the North Sea, a t  least iiot 

iii aiiy quantity, as late as August, 1903 [OSTICNBEI,D, 19081. This indicates the 

l~ossibility of remarlrable variatioiis in the lriiid of water carried by the Atlaiitic 

Current. 

We Jrnow at  present nothiiig about the causes of the above-ineiitioned variatioiis 

in the temperatiire and volume of the Atlantic water carried iiito tlie Norwegian Sea. 

These caiises have probably, to some extent, to be looked for in the Atlantic Oceaii 

and depend on the physical conditions there. We consider it, however, to be probable 

(cf. above, p. 186) that there are anniial variations in the East Iceland Arctic C'urremt, 
and that these variations may have some iiiflilence upoii the character m d  quantity 

of Atlantic water carried in  throiigh the Færoe Shetland Channel. It is possible, for 

instance, that a coxuparatively great quaiitity of Arctic water carried aloiig the 

northerii slope of the Fzeroe Platform iiito the mouth of the Fzeroe Shetland Chaiiuel 

might, to some extent, checlr the Atlantic curreiit, and by partial iiiterrnixture (e. g. 
by the vortex-movements in the Chaiinel) i t  may make the Atlantic water somewhat 

volder; while a comparatively small qnantity of Arctic water carried into the ChanneI 

mill have less effect upon the Atlantic water. I t  is, however, possible tliat this 

Arctic water possesses physical or chemical properties mhich are of great irnportance 

for the developrneut of the planlrton life, and thereby also for the growth of fishes 

[cf. NANSEN, 1902, pl]. 422-4251. I f  this be correct, i t  is to be expected that an 

increased aiuo~iilt of Arctic water carried into coiitact with the Atlaiitic water in 
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the region of the Fzroe-Slietland Chaiiiiel will improve the biologicd conditions of 

the food-fishes, (Iiiring the same season in tlie region of the North Sea, and oiie year 

later iiear Lofoteii; a t  the same time i t  cools the waters of the Atlantic Carreiit, and 

also lowers the temperature of Norw,zy during the following  vinter. We have poiiited 

out above (p. 186) that the observatioiis inay possibly indicate variatioiis iii the 

qiinntity of Arctic water, carried by tlir East Iceland Ciirreiit, aiid that these 

variations (perhaps with the exceptioii of 1906) seem to coiiicide with the variations 

ohserved iii the temperature of the Atlantic water in tlie Sogiiefjord section of May. 

Rut the observetioiis in the Iceland Current are only from a few years, and iio 

certain conclusions cail be drawn from them. 

I t  may be of some iiiterest in  this conriectioii tliat M E I N A R I ) ~ ~  [l9061 tliinlts 

thet lie has foiind a coincidence hctweeii the periods in the orciirrence of ice iiear 

Icelaiid and the periods of the snu spots. We miglit expect this, i€ the assumption 
be right that the variations in the Iceland Ciirrent has some coiiiiection witli the 

variatioils iii  the temperature of the Atlantic water of the Sognefjord section; because 

the variations in the occiirreiicc of ice iiear Icelnnd inay perhaps to some extent be 

connected with the variatioiis iii the East Icelaiid Current. 

There is, however, this difficulty that i f  the coiiicidencc we believe to have found 

between the variations in the siin-spots and the variations in the temperature of the Nor- 

wegian Atlaiitic Current, iii the cod liver, &c., be correct, there oiight to have been approxi- 

niately a coincidence betweeii the maxima of ice iiear Icelaiicl and the nliiiiina of siin-spots, 

while MEINARDIJP; beiieves that thc has found a coincidence betveen the maxima of 

the two. But during thc latter half of last centiiry (after 1846) there is very little 

similarity between the curve of the siin-spots and his curve of the occurrence of ice 

iiear Icelaiid. In 1866, 1866 t,o 1868, and 1886 and 1887 maxima of ice almost coincide 

with the minima of sun-spots or rather are a year or two aliead of tliem [cf. MEINARDTJS, 

1906, Pl. 7) as they oiight to Ile in  order to agree with oiir coiiclusioiis. But the 
observation-material is too iiiaccurate arid of too accidental a nature for allowing iis 

to say miicli on this point a t  present. I t  lias d s o  to be consiclered that the (listri- 

biitioii of the ice in the Iceland Sea is not only iniiuenced by the variations in  the 

Polar and Arctic currents but also by \~arious other factors, especially the wiiids, &c. 

As the river-water carries iiito the sea substauces that are of importance for 

its plankton life, i t  is probable that the variations iii the qiiantity of the const-?unter 
(cf. Chap. VIII) have influeiice iipoii the biological conditioiis of the sea, and that 

they coiiseyiieiitly also are of some importence for the growth of the food-fishes, ancl 

the development of their sexual orgaiis. 

But there is i10 time for going fiirther into the details of these complicated 

qiiestioiis here. We shall return to them in a later publication. 

Before \ve leave the subject of the variation in tlie biological coiiditions iii the 

sea, we may add a few words about the exceptioiially unfavourable year 1903, 

wheii there were evidently qiiite abnormal conditioiis iii the Norwegian Sea. Our Cnrve 

11, in Fig. 13, shows ai1 absolute minimum of cod-liver, per 1000 fish, in Lofoten that 

spring; there Tvas also a very small relative quantity of cod-roe, but the minimum seems 

to liave occurred the followiiig year. As Dr. HJOI~T has pointed oiit [1907, 19081 several 

plienomena iii(1icitte tliat diiiing the same wiiitei there wcre cliiite al~iiormal couditioiis 
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in the sea eveii still farther north and iii the Barerits Sea. Botli seals (Phoca groen- 

Inndica) aiid white whales (Delphinapterus leucas), which usually remain iii the Arctic seas, 

carne far sonth along the coast of Norway, iii some instances as far as the Shetlaiids, 

Sl<agerack, and white wales were eveii seeii in the inner end of the Christiania Fjord. 

Great numbers of the Greenlaiid sea1 swarmed o11 the coasts of Fiiimarlr and Lofoten 

and Vesteraaleu, where they are very rarely seen, and frightened the fishermen, who 

thought that they were the cause of the scarcity of fish. Dr. HJORT also meiitions 

that "thousands of dead sea birds (giiillemots, Urin br~~nnichii) said to be in  a com- 

pletely emaciated condition, were washed ashore on the Murman coast". 

These facts might seem to be inconsistent  vitl li our assumption that the varia- 

tions in the physicsl coiiditioiis of the Barents Sea, the iisual home of the said scals, 

follow aboiit oiie year later thari the corresponding variatioiis in the sea off Lofoten. 

We think, bowever, that there was probably that year a remarkable coiiicideiice of 

unfavonrable circanistsmccs whicli hail more or less different caiises. Uiifortunately we 

have no investigations of the biological conditions in the Bnrents Sea iii tlie  vinter of 

1902-03, but we have pointed out that in the preceding spring (1902) the temperature 

of the sea along tlie meridian of 33' 30' E. Long. was abnormally low (cf. Fig. b9 

Curve IIl), and the distribution of ice was abnormally extensive (Fig. 59 Curve IV). 

We may therefore coiiclade that the water of the Barents Sea has beeii very cold 

still farther east during the following summer and winter, and o~ving to the grent 

distribution of ice in the spring aiid summer (May & Juiie) of 1902, there has beeii 

a great reduction of the plankton life in the Barents Sen, as hardly any phyto-planlrton 

is formed ander the ice. There has conseyuently beeii very little food for the seals 

and white whales during tlie following winter, and tliis may have been the cause of 

their emigration. At the same tinie there was probably :L comp:tratively small stoclr 

of fish in  the sea, as the spa~viiiiig had been coruparatively iiiifavoiirable iii the years 

of 1894-1896 (cf. Fig. 74) (1). With tliese circiimstances coincided the exceptioiially 

~infavoiirable biological coiiditions in  the Lofoten sea in  the season l>recediug tlie 

Lofotcii fisheries of 1903, wheii the Atlantic water had a maximiim of temperatiire aiid 

the fisli arrived iiniisiially late and iii a11 abnormally poor coiidition. d s  some part 

of the q~iantity of Lofoten cod probably oomes from the iiorth, i t  is also possible that 

the uiifavoiiral)le conditioiis iii the iiorthern sea-area iiear the Rareiits 6ca (owiiig to 

the low temperature aiid the great clistribritioii of ice in the precediiig year) has liad 

some irifluence, and that i t  conseqiieiitly is the coiricideiice of iiiifavoiirable conditioiis, 

both in the Atlantic Ciirrent and fnrther iiorth, that was the caiise of the abiiormal 

condition of the cod in 1903. 

8unmau.y. Onr investigations of the a i ~ i ~ i i d  (or seeiilar) variatioiis of 

the Norwegian Atlantic Curreiit have led us to the followiiig concliisions : 

1) Observations of the inean temperature of the Atlantic water, 

in the sonthern Norwegiail Sea a t  the surface as well as in the deeper 

(1)  The spawniiig may, however, have been better iii 1895 than iii 1894 aiid 
1896, and the qiiantity of spawniug cod seems to have been uniisiially great a t  that 
time (cf. Fig. 74, Curve 111). 

29 
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layers, afford a inethod of predicting, several months, or inore, in 

advance : the anomaly of the air-temperature iii Norway, the prospects 

of the Lofoten fisheries (whether they will come early or late), the 

growth of the fir wood, the agricultural prospects, and probably 

also the growth and spawning of the food-fishes, which again deter- 

mine the fisheries several years later. 

2) Some prognoses of this Irind may be based on meteorological 

observations, but a much greater number of observations, distributed 

over a large area, would be recluired, and the mean of even a huge 

observation-materid of this kind, would give no more trustworthy 

prognosis. 

3) The thermal conditions of the Atlantic water are partly of 

primary, partly of secondary nature, as compared with the thermal 

conditions of the air iii Norway. The conditions u ~ d e r  the sugface 

are chiefly primary; they determine the anomaly of the air-temperatnre 

of Norway, especially in the winter and spring, because different 

quantities of heat are given off to the atmosphere by the vertical circu- 

lation of the water-strata during the cold season. The therrnal condi- 

tions of the air (and its moisture, amoiint of clouds etc.) influence 

the surface-temperature of the sea, which so far  is secondary. I n  

this manner we find that  a Zow ten~~erature, or rather a comparatively 

small quantity oJ heat, contained in the layers of Atlantic water helow 

the surface, should as a rule be followed by a lozu temperature at 
the surface the following year, and vice versa. This agrees with onr 

observations of the siirface-temperatures of the four years 1901- 
1904; but 1905 forms an exeption in this as in  other respects (see 

above). 

4. The mean temperatu~*es and the volume (sectional area) of 

the Atlantic water below the surface, in a section across the southern 

Norwegian Sea (Sognefjord section) in May, can be used for  the 

prognosis of the character of the air-teinperatnre of Norway in  the 

following winter, the time of the Lofoten fishery (whether early or 

late) the following winter, probably also the character of the spawning 

and the relative quantity of cod-liver. 

The surface-temperature of the Atlantic water along the same 

section in May, can be used for a prognosis of the growth of the 
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fir wood during the suminer a year later, and the quantities of the 

prodncts of agriculture in the following auturnil, in a similar inanner 

as the air-ternperature in the spring may be used for the same purpose. 

4. The Seasonal Variatiorzs. 

111 1903 four seasonal cruises were made, in February, May & 

June, August, and November, the observations being chiefly inade in 

the southern part of the Norwegian Sea (the Sognefjord section). In 

no other year we have cruises in al1 Som seasons and we shall there- 

fore base oiir discussion of the seasonal variatioiis upon the observations 

from 1903. 

Figs. 75-78 have beeii reproduced from our Plates, and demon- 

strate the most chs~racteristic variations iii the Sognefjord section 

during that year. The variations are, in soine respects, rather con- 

siderable. The course of the 35.0-isohdine, near the Norwegian coast, 

representing the boundai-y between the Atlantic water and the coast- 

water, differs in the different sessons. The horizontal distaiice, a t  

the surface, from land to this isohaline (on the inside of the At,lantic 

water) had a maximum in August and a rriinimuin in Noveinber. W e  

shall return to  this point iii the next chapter and will here only 

point out that  the coast-water shows a marked tendeilcy to spread 

seawards a t  the surface in the spring and suininer, and to retire 

towards land iii the autuinn. The 35.0-isohaline a t  the surface will 

accordingly show lateral oscillations, as is demonstrated by onr 

Figures 75-78. This phaenoilienon is due to the relation between 

the velocities of the cnrrents and the density of the siirface-water in 

different seasons. The coast-water will grow lighter during spring 

and summer on account of the increase in temperature and the increase 

of the fresh-water supply ; and i t  will therefore have a greater tendency 

to spread seawards, as the deiisity of the Atlantic water does not 

decrease in the same proportion. The waters will have a distribution 

corresponding to the velocities of the currents. The rotation of the 

Earth deflects the water towards the right of the ciirrent, with a force 

which is proportional to the current-velocity, and the water-inasses will 

adjust theinselves in such a inanner that  this force will be counter- 
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Figs. 76-78. Sectioiis seawards fiom Feje (Sogiiefjord), Febriinry-November, 1903. 
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balanced by a force in the opposite direction, due to the distribution 

of density. Lateral equilibrium is attained when these two forces are 

eq~ial. W e  therefore find water with low density to the right of the 

eiirreiit, and with high density to the left. Supposing the velo- 

city t o  be fairly constaiit, the force of density will becoine greater 

than that  of rotation when the waters near the coast are heated, and 

the coast-water must accordingly move seawards. When the coast- 

water in autnitin aiid winter is cooled, the force of density will 

decrease and becoine smaller than the force of rotatioii, whicli will there- 

fore drive the water nearer to t,he coast. I n  this inaniler great sensoilal 

variations must be caiised in the lateral ciistribution of the coast-water 

and the Atlantic water, as has been pointed out by Nansen [1903, 

p. 3981. Our later observations have perfectly verified the correctness 

of his view on this poiiit. A siiiiilar lateral oscillation of the coast-water 

would also be effected by regnlar variatioiis of the Atlailtie C~irreilt, if 

its velocity had a inaxiitluin in autuiiin aild a ininiinuin in spring 

or summer. We do itot yet know with sufficient certniilty whether 

such variations of this current take place or not; but the calculatioiis 

froin the Fzroe-Shetlaiid Cliannel, referred to above, seein to indi- 

cate that the variations go rather in the opposite direction. 

The Plates, and d s o  Figures 75--78, show that the shapes of 

the isotherms vary greatly during the year. I n  February the isotherins, 

as well as the isohaliiies and isopylmals, have alrnost a vertical direc- 

tion, while ill August they run much inore horizoiitdly. This is 

evidently due to the thei-mal effect froin above. When the sea-surface 

is cooled in winter, important vertical convectioii currents are prodneed. 

The water of the upper layers will t l ~ e n  get mixed and become hoinogeiieoiis, 

and the equilines will acquire very steep inclinations. This is clearly 

demonstrated by the sections of January-March, 1901 (Pl. XV), and 

February, 1903 (Pl. XX). The observations a t  Stat. 2 A (Pl. XX, Fig. 1) 

show, for iiistance, that  the temperature, salinity, and density were perfectly 

uniform from l00  to 350 inetres below the surface (within the errors 

of observation), the surface of this homogeiieous water being covered 

by water with somewhat lower temperatuie and salinity, which had 

probably beeii driven westwards by the wiiids. The vertical convectioii 

curreilts inay i11 this mannei descend to a great depth, often to 



230 HELLAND-HANSEN AND NANSEN [REP. NORW. FISH. 11 

200 metres, sometimes much deeper, constaiitly bringing warm water 

to the surface froin below. W e  may thus easily accourit for the great 

effect of the warm waters upon the temperature of the air.(l) 

W e  have calculated the mean temperature of the Atlantic water 

in the Sognefjord section for the different seasons of 1903 in the 

manner einployed iii the case of the various years dealt witli above. 

When cotn paring the va,liies thus obtaiiied (and the diagrains), how- 

ever, we inust bear in inind that  we liave to deal with different masses 

of water; for the water found in the Sognefjord sectioii in May has 

beeii far  to the south of the sectioii in February, and will be far to 

the iiorth of i t  iii Augiist. As the water changes its position in this 

way, we cannot study the variations in one particular voluine of water 

by sectioiis aloilg one line, but would have to follow the moving 

water northwards. The folloving meaii teniperatures calculated by us 

in the Sognefjord sectioiis do not, therefore, show the conditions of 

the same water, but the conditions in the saine locality 

Mean Temperature of tlze Atlantic Tq7ater, i n  the So,qnefjord Section i n  190.3. 

1 February. 1 May, 1 Aiigiist Noveinber. I I Average. 

t o  C. Below the Sea-Surfiice (depths disregarded). 
---p - 

( l )  It is, however, clear that, wherever the sea is covered by a thick or thin 

top-layer of lighter water, witli so low saliiiities that the snrface-water caiiiiot by cooling 

become heavier tlian the iiiiderlying water, iio such great verticnl coiivectiou currerits 

will arise. The Atlantic water will then be protected agaiiist coolirig by the over- 

Iyiiig lighter water, but a t  the same time the atmosphere iii tliat region will iiot be 

heated by the great voliime of Atlaiitic water uiidcrlyiiig the siirface-layer. It will 

thus be uiiderstood that aiiiiual variations iii tlie qiiantity niid distributioii of the 

coast-water may have nu influeiice i~poii tlie quniitity of lieat gir~eii off to the stnio- 
sphere from the Atlantic water. 

36.00- . l 9  '/on 1 7.37 

t o  C. At Certain Depths; Saliiiities aljove 36 00 O/oo. l 

6.12 1 6.52 

Al~ove 36'20 '/no 

Above 35'00 '/no 

At the Surface 

60 metres 

200 n 

7.01 6.76 

8'06 

7.86 

7.69 
- 
- 

7'41 

7.48 

6.69 

7'63 8.70 1 8.10 

7'23 7.66 1 8.13 1 7-72 l 8'01 

10'83 

7.76 

7'66 

8.54 

8'64 

8'00 

I 
8.69 
- 

- 
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The upper part of the table shows the variations in the inean 

temperatiire of the whole voliime of the Atlantic water below the surface 

in the Sognefjord section (west of Stat. 2 A  or 3). The average value 

for all four seasons is found to be 7.72" C. The differences from this 

average in the difl'erent seasons are strikingly small. The lowest tempe- 

ratnre was found in May (7.23"C.), and the highest in Novernber (8.13"C.), 

the difference between these two values being even less than 1 O C., 

and not greater than the aiinual variations in the temperatnre of May 

(e. g. 6.20 O C. in 1901, and 7.24" C. in 1902). The variations at a 

certain depth seem to be a little greater (between May and November, 

a t  50 metres 1.2 " C., aild a t  200 inetres 1.3 O C.). The amplitude during 

one year, of the mean teinperature of the Atlantic current below the 

surface seeins therefore to be only about 1 O C. 

The variations a t  the surface are coiisiderablg greater. The 

lowest mean temperature was found to be in May, 7.41 " C., and the 

highest in Aiigust, 10.83" C. - a range of 3.4" C. It is rather 

remarkable that the inean temperature of the Atlaiitic water a t  the 

sea-surface was a little higher in February than in May; the absolute 

mininium wonld probably have been found in April (about 7 O C.?) 

and the maximnni perhaps in September (about 11 O C.). FiTe may 

in this connection point out that  our calculations refer not only to the 

Atlantic water in the inain body of the current (near the continental 

slope) but als0 to those waters, with salinities above 35.00 O/oo, which occur 

farther west, and which probably form the western parts of vortex- 

iiiovemeiits siich as  have been mentioned above. The mean temperature 

of the main body of the current, near the continental slope, would 

have been higher than calculated above. For the whole inass of 

Atlantic water a t  the surface in the Sognefjord section we find a 

yearly average range of aboiit 4"  C., with a miilimuin of about 7 "  C. 

and a maximum of aboiit 11 O C. 

The Atlantic water below the sea-snrface has a higher mean tem- 

perature in February than in May, or even than in Aiigiist. The 

calciilations for February have been based, however, upon a rather in- 

complete observation-material, aiid inay therefoie be too inacciirate to 

be compared with the values of the other seasons. Such as they are, 

onr observations indicate that  the miuimuin of mean teinperatiire of 
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the Atlantic water, below the surface, occiirs in May or later (Julie), 

the time of rniniinuin temperature thus beiiig retarded a t  interniediate 

depths as compared with the conditioiis a t  the surface. The iiiaximniii 

temperature in each depth, as well as on an  average in the whole voluine 

of water, occurs in November. 

The table above also elucidates very clearly the variations of 

temperature that  are due to the heating and cooling from above. 

I n  February the inean temperature a t  the siirface is about 0.3" C.  

lower than the average teinperatilre of the whole mass of water; the 

surface a t  this time of the year is cooled considerably as compaied 

with all Atlantic layers found deeper. W e  should, in  all probability, 

have found alinost the very same inean teinperature a t  50 metres 

as a t  the siirface, if the observations lind been sufficient for a cal- 

culation; and on account of the vertical convection curreilts we should 

have expected to fiiid the same temperature even a t  100, or 200 mstres' 

depth. I n  May the mean temperature a t  the surface was almost 

exactly the same as a t  50 metres, and 0.8' C.  higher than a t  200 metres; 

but in August the difference is very great, the inean temperature a t  

Ihe surface being 3.1" C.  higher than a t  50 inetres, a fact which gives 

a clear idea of the heating froin above in summer. In Noveinber the 

cooliiig a t  the surface had cominenced (cf. Stats. 3 B, 4 B, and 62, 

Pl.  XXIII ,  Fig. 1); the average teinprratiire was 0.1" C.  lower a t  the 

surface than a t  50 i~ietres. 

Iii Febriiary 1903 a section was imade from Jail Mayen to Vester- 

aaleil, to  the north of the Lofoten section of May-Jnile. As thc , 

observatioris were not taken siifficiently deep ill the sea, \ve caiinot 

calcnlate the mean tenipeiatnre of the whole volume of Atlantic water 

there. The iiiean teinperatilre a t  the slirface was 4.0" C.; and tlius the 

difference between the temperatiires of the southern and iiorthern 

sections wns iii Febrnary as rriiich as 3.6" C., iiidicating a rapid rate 

of cooling in the northern part of tlie Soiithern Norwegian Sea. Tlic 

differeiice a t  the siirface between the Sognefjord sectioii eiid the 

Lofoteri sectioii in May-June was very small, oiily 0.1" C .  ; but the 

observations iii the latter sectioii were made m fortilight later than 

in the former, diiring a seasoii when the heating of the siirface had 

comnienced, while the reverse was the case in Febriiary. 
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Variations of salinity similar to those of ternperature are very 

clifficult to  trace witli snfficient certainty. The observatioils (and the 

sections in the Plates) indicate a maxilninuin of saliiiity in August 

and a miniiiium in February. The differences between May, August, 

and November are however very small, and the February observations 

are too few to allow of certain conclusioiis being drawii with regard 

to this point. The mixing process performed by the vertical convection 

ciirrents mill in most cases, however, cause a decrease of the highest 

salinities; but we know nothing about the mean salinity of the Atlaiitic 

water in this month. W e  inay ineiition in this corinection that 

MARTIN KNUDSEN [l9051 has founcl from a statistical treatment of a 

great nuinber of surface observations froin the northeriiniost part of 

the Atlailtie Ocean, that the salinity had a inaximum value a t  the 

end of April and beginniug of May (on an average 0.03 O/oo higher 

than the ilorinal) and a miniinuin in October (0.04 O/oo lower). Tlie 

variations were thiis very small indeed. 
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VIII. The Norwegian Coast Water. 

l. Salinity and Teinperatiire. 

I n accordance with the ordinary terminology we will as a rule 

regard waters along thecoast~ith~s~linityb~10~~35.0~~/oo, as c o a s t y P  

water. The boundary between the Atlantic water and the coast-water 

a t  the surface is generally very sharply defined in the Norwegian Sea, 

the tiansition being very sudden from waters with salinity below 

35O/00 to those with salinity above 35 O/oo. The surface areas covered 

by water with salinities between, say, 34.7 and 35.0°/oo, are, on the 

whole, quite small and narrow iil the Norwegian Sea. But it is 

not in all cases easy to draw the boundary line in the charts, because 

small areas of coast-water and Atlantic water may be inet with 

alterilately, as for instance in November, 1903 (Pl. XI, and XXIII, 
Fig. 3). Siich irregularities may be caused by vortex-movements (see 

above, Chap. VI), or by temporary displacements of the siirface-layers, 

due to the wind. A heavy rainfall within the area of the Atlantic 

water may nlso occasionally cause a decrease of the salinity. A rain- 

fall of 50 inillimetres (2 inches) will diminish the average salinity of 

the upper 5 ineires e. g. from 35.2 to 34.8 O/oo. I n  this manner 

the Atlantic water niay get the saine character as the coast-water 

without having aily connection with the coast a t  all. Such cases are 

not easily distinguished in oiir observatioiis, because the heavy rain- 

falls geilerally are local arid the sliip wns as a rule continually inoviilg. 
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The following examples may be given in order to elncidate this poirit: I t  

rained in the afternooii, on June Sth, 1904, when the  Stations 26 and 26 were takeii 

(cf. Pl. XXIV A, Fig. 3). 

The follo~viug siirface observations were made: 

6, VI, 1904. 6, VI, 1904. 
A t  5 p .  m. G 7 8 9 1 O I l  1 a . m .  
8 '100 34'73 34'6.5 34'62 34'32 34'60 34'68 34'81 34'86 
t ° C .  8'08 8'08 7.95 8'08 8.17 8.02 7.97 8.07 

Tlie first of these observations (6 p. m.)  ver re made a t  Stat. 26, aiid tbc last 

(011 the 6th, 1 a. m.) ilt Stat. 26. The temperatiire of tlie air was 8O or just the salne 
as the siirface ternperatore. The wind was blowing froin WSW, a t  abont 7 metres 

per second. The following observations weie takeil a t  the statioiis: 

Stnt. 25. Stat. 26. 

Temp. Saliiiity. Temp. Salinity. 

Sorface . . . 8'08 34.73 8.07 34'86 

10 r ~ e t r e s  . . 7.91 '74 '02 35'03 

20 -- . . 6.99 '87 7'98 .O6 

30 - . . 7'24 '98 '38 '06 

The water a t  Stt~t. 25 with low salinity was probably real coiist-water. But 

the  low surfacesalinity a t  Stat. 26 might as well be diie to tlie rain, whicli the  

course of tlie isohalines may indicate. It is then impossible to decide how far t he  

real coast water, from the east, extended ~vestmards a t  the  surface. 

While the transition from waters with salinity below 35 O/OO to 

those with salinity above 35 O/OO generally is very sudden a t  the sur- 

face, this is not the case vertically, on the boundary between coast- 

a ions water aiid Atlantic water a t  intermediate depths, where the vari t' 
of salinity are relatively slight in most cases. The variations are iniich 

greater nearer to the siirface, a t  salinities about 34.5 or 34.0 O/oo. 

The surface-salinity close to the west coast of Norway, outside 

the "skj~ergaard", is generally above 31 O/OO, increasing more or less 

rapidly towards the Atlantic Current. This coast-water is thus coin- 

posed of less than 4 of fresh water and more than 5 of Atlantic water. 

The surface-salinity varies anniially as well as seasonally, the seasonal 

variations being the greater (see later). It increases northwards ; ~ l o i ~ g  

the coast, as will be seen from the following table wliich coritains 

mine observations made by the Swedish, German, Norwegian, aiid 

Russian oceanographers in May and the beginning of June, 1904; the 

statioiis referred to in this table, have nearly equal distances from the 

CORS~, with the e~cept~ioii of Stat. N 40 which was farther froin the 

coast thail the others. 
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Stntions necir the Const, from Skciggcrnck to the Mwrn~an Goast (Mc~y-Jtine, 1904). 

These stations have not been taken at  the saine time but inay 

probably be iised for a comparison of the salinities foiind a t  different 

parts of the coast in general. The surface-salinity increases from the 

Skagerack (28.3 O/OO in &by, 1904) aloi-ig the Norwegian coast iiorth- 

wards to the Barents Sea (34.3O/oo off Alexandrovsli). The salinity 

is also everywhere increasing from the sea-surface downwards (except 

in one case, Stat. N 40, where the salinity was a little less a t  20 

metres than at  the sarface). At greater deptlis, for iiistance a t  

100 metres below the sea-siirface, the salinity is inuch the same along 

the whole of the Norwegian coast; the inanirnum valiie, 35 .12  O/oo, found 

at  Stat. N40, is partly due to the sitilation farther seawards of this 
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statioii, but partly also to the fact that  the coast north of Stad is 

approached nearei by the Atlantic Curreiit thaii the other parts of 

the coast. A distilict miniintim of salinity a t  100 metres wus fonnd in 

the Barents Sea, a t  Stat. R 2, where the waters were alinost homo- 

haline from stirface to bottoin. The difference of salinity vertically, 

betweeii the surface and 100 inetres, was B- -7 O / o o  in the Slrageracli, 

2-3 O/oo along the southein and western coast of Norway, 1-2 O/OO 

off northerii Norway, arid only 0.2 O / o o  a t  tlie Russian station off the 

Murinan Coast. 

The coast-water is on the whole inoving along the coast of Nor- 

way, as a continnation of the Baltic Carrent, froin the Skagerack to 

the Barents Sea. The distribntion of saliiiity demonstrated by the 

table above, proves that  great mixing processes take place as this 

coast-water proceeds northwards. Along the Murinaii Coast the salinity 

is al~vays very uniforin in  May, between 34 and 35 O/OO. This inter- 

mixing is partly caiised by the moveinents of the horizontal currents 

(vortex-inovements, etc.), and partly by the vertical convection currents iii 

wiiiter. It is worthy of note that the average salinity is, oil the 

whole, increasing aloag the route of the coast-water, while the average 

saliiiity of the Atlantic water is decreasing northwards, so that  the 

salinities are much more uniforni in a section through the Barents 

Sea, or through the Norwegian Sea seawards from northern Norway, 

thau they are in the southerii part of this sea. The coast water is 

thus iii part intermixed with the waters in the upper layers of the 

Atlantic Current, while in retiirn the Atlantic water from below is 

intermixed with the tipper water-layers near the coast. 

As the saliriity of the tipper layers increases northwards and 

that  of the deeper layers decreases, so as to produce a veitical distri- 

bution of salinity which is in~ich inore uniform in the north than iii 

the soitth, the conditioiis as iegards the forinatioii of veitical convection 

ciirreilts iii wiiiter, will be very different: they will not be fornied to 

such an  exteiit aloiig the southern coast o£ Norway, as along the 

northern coast, off Eiiiinarl<, where they cause a coinplete homohalinity 

in February to April, in the upper layers down to betweeil 60 and 200 metres. 

The table above d e m ~ n s t ~ a t e s  the distribntion of teinperature in 

May and Julie, 1904. The differences of surface-teniperature are dus 



238 HEI,I,AND HANSEN AND NANSEN [REP. NORW. FISH. 11 

to the diffei-ences of tiine as well as to the different geographical 

positions of the stations. The surface-temperature of the goast-water 

varies inuch accoiding to the ineteorological conditions, aiid iuay 

increase or clecrease several degrees iii a few weelcs; the differences 

between the St,ations S Slcag. 9, D Nordsee 8, and N 1 would have 

beeii very much reduced if the various observations had been talcen 

a t  the same time. But ill the interinediate strata, e. g. a t  20 

inetres, the differences of temperature between the stations along 

the Norwegian coast are still greater thaii a t  the surface, and this 

cannot be acconnted for rnerely by the difference of tiine. It is 

chiefly due to the origin of the waters and the enconnterance with 

other waters. The waters of the Balt,ic Cnrrent are cooled to a low 

temperatiire in winter, and the intermediate teinperature fouiid in the 

Skageiack in May is very inuch lower thail farther to the west and 

north, where the cooling in winter is much less, owiiig to the effect of 

the Atlantic water in the Norwegian Sea. The distribution of tem- 

perature has very great variatioiis that will be disciissed later. As a 

general feature we may here only indicate that  the teinperatnre of 

the coast-water in Xkageraclc has a greater resemblauce to tlie air- 

teinperature on the Continent, than farther to the west and in  the 

Norwegian Sea, where the "climate" of the coast-tvater is rriiich more 

like the " Oceanic Cliinate ", with coinparatively sinall variations. 

2. The Moveineiits of the Norwegiaii Coast Water. 

Sonie direct ineasureineiits of the iiioveinents of the waters aloilg 

the Norwegiaii coast have been inade during the suminer, iii July aild 

August, of 1906 and 1908; biit as there are no observations of velocity 

and direction of the coastal current froin other seasons or other years 

(except in Slcagerack), Ive caiiiiot draw as geileral coiiclnsioils frorn 

these observatioiis as would have beeii desirable. 

The coastal current of Norway originates froin the Baltic C~irrent  

passing throiigh Kattegat into the Slcagerack. The current follows 

the Sweclish side of Kattegat; after a bend in the nortlieru part of 

tlie Skageraclc i t  runs close to the Norwegian Coast, geiierally with 

great velocities. A velocity near the surface of tibout I metre per 
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second has been repeatedly ineasured by Swedish and Norwegian 

oceanogrnphers. 
On Jiily 27th, 1906, a series of observations off Kisor, where the depth to the 

bottom was 180 metres, gave an average velocity in the tipper 20 metres below sea- 

surface of about 70 cm. per sec.; just a little below the surface the velocity some- 

times reachecl considerahly higher valnes. A maximum of meaii velocity \vas 

ohservecl a t  10 metres. The Atlantic water was probably a t  depths below 75 

ruetres; all waters nearer to the surface moved almost i11 the same directioii, paral- 

le1 to the coasf, with velocities that were decreasiiig from 10 metres dowiiwarcls. 

The variations in direction were comparatively smdl. In the Atlai~tic water a t  100 

metres below the surface, the Ciirreiit was moving in the same direction as the over- 

lyiiig water of the Raltic Curreiit, a t  ,m average rate of a little less than 10 cm. per 

sec. (5 naut. miles iii 24 hoiirs). At 170 metres, i11 the deepest layers of the Atlantic 

water a t  the station referred to here, rio ordiiiary ciirrent was observed, brit in  these 

I q e r s  the tidal currents were predomiilating; they were quite noticeable, eveii if the 

velocities were very small, less thaii 6 cm. per sec. [HELLAND-HANSEN, 1007a]. Similar 

measurements from othcr parts of the Skagerack, some days afteiwarda, proved also 

that the tidal ciirrents were indistingilishable iii the apper layers, biit could bc easily 

ohserved near the bottom. Prof. PETTXRSSON has afterwards shown, from ohsei?~atioiis 

in  1907, tiiat the tidal wave proceeds farther eastwards tbroiigh Kattegat aiid the 

Belts, in the deeper layers aiid not a t  the surface [1908]. 

Although the number of direct measurements of tlie Baltic Current 

in the Skagerack is very small, they seem to prove that  the curreiit 

ns a rule runs a t  a great rate near the surface, with insignificant 

variations in direction. The xneasurements referred to  above showed, 

however, rather great& variations 

ill velocity; but more observatioils 

would be required iii order t o  settle 

the question tvhether these varia- 

tions are periodic, and we cannot 

therefore with full certainty decide, 

whether the Baltic Suiface-Current 

iii SBageraclr is siibject to any tidal 

influence or not. 

Three stations of current-measnre- 

meiits have beeii talren in the coastal ciir- 

rent off ,Jcecleren, by tlie Micltael Sam. 
The chart, Fig. 79, shows the position 

of these statiniis as well as that of an Fig. 79. Chart showing tlie Statiorisof 
important stiltion (271) i11 the Hjosenfjoid, Ciirrent-Measiiremeiits off Jredereii aiid 
whicli will be referrecl to later. Stat. 312 i11 the Hjoseiifjord. 
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(sounding 230 metres) was taken oil July 

23rd, 1906. The observations theii made 

revealed great variations iii velocity as 
well as in direction. The curves of direc- 

tion demonstrate the typical course of a 
tida1 current, but the velocities were, a t  

all deptlis down to 100 metres (where 

Atlaiitic water was observed soine time 

afterwards), always greatest with a iiortli- 

goiiig ciirreut and least witli a soiitli going. 

At 200 metres below sea surface, i11 the 
Atlaiitic water, the reverse seemed to be 

the case. These observations seein to 
show that in  the upper layers, dowii to 

about 100 tnetres, there was a fairly 

stroiig average current from south to north, 

aiid that in the bottom-layers a slow car- 
reiit was going in an opposite directioii 

[HELLAND-HANSEN, 1907 a]. 

Stat. 111 (58' 50'7 N. Lat., 5O 26'8 

E. Long.; sounding 113 metres) was takeii 

on Jiily 2nd, 1908, by. Captain THOR 

IVERSEN, of the Michael Sars. A fresh 

rviiid was blowing so that i t  was impos- 

sible to work from a sinall boat tightly 

strained between two grapnels, in  wliich 

maiiner the Norwegian ciirre~it measure- 

meiits mere geiierally tzken. The measure- 

uents had to be made froin tlie steamsliip 

ctt anclior; by the wind aiid the strolig 

ciirrent i t  was lcept without appreciable 

movement during the first honrs of obscrva- 
t,ion (til1 about 10 a. m.). The observetions 

made afterwards are not perfectly reliable 

although the resiilts seem to indicate that 

the swayi~ig of the ship has beeii of but 

slight importance. The observations have 
beeii introduced in Fig. 80. A represents 

tlie curves of velocity a t  different clepths, 

and U the curves of direction. The varia- 
tions of the current were very great. At 

10 metres, for instance, the velocity was 
r l v i i  isos e 12 16'4 cia. per sec. a t  3.04 a. m., aiid 58'6 

Fig. 80. Curreiit Measurements a t  Stat. 111. Cm. Per sec. a t  8.19 a. m. At 20 metre8 

A, Curves of Velority for cliffereiit deptlis. the ~relocit~r was 19 cm. per ser. a t  5.38 

B, Carves of Direction. a. m., a n d  43 cm. per sec. 1'14 hour after- 
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wards, a t  6.56 a. m. Even a t  a depth of 60 metres great variations were ob6ierved. 

The variations are so great and rapid, that it is almost impossible to draw the 

curves iis a trustworthy mariner; they cannot be but hypothetical to a grest 

extent. Great changes of direction were also found, except a t  5 and a t  80 metres 

below the surface. At 6 metres tlse water was moving from south-west to north-east 

with comparatively small variations in  direetion; in the afternoon the cilrrent a t  this 

depth seemed, however, to have turned towards the east. At 80 metres the current had 

a direction from south-east to north-west, forming approximately an angle of 90' to 

the direction of the current a t  6 metres below the surface. But the ciirves of 

direction for intermediate depths show great variations; provided tliat the course of 

the lines are fairly correct, they indicate tida1 ciirrents as well as the ordinary ciirrent. 

The ciirves of direction seein to show that there were several tida1 waves passing the 

place where the measiirements were made, probably oiie or more refleeted waves besides 

the primary oiie. However i t  be, it is yuite obvious that the curreiit mTas subject to 

very nlany and great variations off Jæderen. But one thing seems certain: the velocity 

reached a maximum value wlien the current was nioviiig from the south (between south- 

west and south-east) towards the north; tliis was the case between 7 and 9 a. m., a t  a11 

depths down to 40 metres. At 60 metres the maximum velocity was found a little 

later, wlien the current a t  this depth had a direction from the east. It is also note- 

wortliy that the current sometimes lsad a direction straight sea.ivar(ls from laisd, and 

even then with comparatively great velocities. This was, for instance, the case at  

about 4 p. m. (if the observations be correct) between 10 and 30 metres, where the 

velocit,g amonnted to something about 20 cm. per sec.; but iiot a t  5 metres where the 

current was always comiiig from somewhere between south and west. 

Station 147 (58 52' 3 N. Lat., G 0  23' 2 E. Long., sounding 117 n~etres) was 

taltlreri on Jiily 10th and l l th,  1908. The observations were made from a small boat 

that was kept perfeetly still betweeri two grapnels, fore and sft, the lines of which 

were tightened up as hard as possible, and tlie boat was also pressed by the strong 

current a t  the siirface. The measiirements are highly interesting but difficiilt to 

expound. We find similar vmiations at  this station as a t  Stat. 111, especially in the 

velocity. The velocity was in by far the most cases decreasing froni surface to bottom; 

tlie velocity was reinarkably great in the uppermost strata, a t  2 metres always above 

1 meter per second, duriiig the whole time of observation. Even at  40 rnetres velocities 

upwards of 60 cm. per sec. were observed. Near the bottom, at  100 met,res, the 

greatest velocity observed was about 19 cm. per sec. The variatious differed in 

different layers, as will be seen from the following table giving the maximum and 

minimum velocities, and the average velocity (in cm. per sec.) observed at  different depths : 

MaximumVelocity .122'4 111'9 93'2 61'2 68'7 66'9 34'5 18.3 18'7 

Miiiimuni Velocity . . 103'7 81'7 47'9 28'8 20'6 5'0 6'1 1'8 2.1 

(l) The average velocities given in this table are the simple means of the observa- 
tions (betmeen 9 and 16 observations a t  each depth), without consiclering the direction. 

3 1 
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Fig. 81. Current Measurements a t  Stat. 147, July 10th aiid 
l l t h ,  1908. A, Cnrres of Velocitg for different Depths; 

B, Curves of 1)irection. 

The variations in  

the velocity were 

small a t  2 metres, 

compared with the 

average velocity of the 

current. The varia- 

tions were particri- 

larly great a t  10 and 

40 metres. 

The observations 

have been plotted out 

in  Fig. 81; A repre- 

senting the curves of 

velocity at  different 

depths, and B re- 

preseiitiilg the direc- 

tions. The curves 

show considerable 

variations wherever 

the observations have 

beeii taken a t  short 

intervals. We may 

certainly conclude 

that the ciirves are 

only rough approxi- 

mations to those that 

would have been 

drawii by meails of 

more determinatioiis, 

many variations hav- 

iiig obviously escaped 

observation. There 

are some striking 

featiires that seem to 

be correct, e. g. the 

chief variatioiis in  

velocity iii the iipper 

water-strata, between 

2 and 10 metres. The 

curves of Fig. 81, A, 

especially for 6 anci 

10 metres, show very 

nearly the same varia- 

tions, but the maxi- 

mnm aiid miiiimum 

values of velocity 
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8 12 16 20 

Fig. 82. Ctirves of Velocity (V)  and Direetion (D) of Ciirrent 
a t  Stat. 147. 5 and 10 metres. 

occur later a t  10 metres than at  6 rnetres. Fig. 82  sliows the curves of velocity and 

clirection for 5 and 10 metres. It mill be seen that there is a certain agreement 

between velocity and direction at  tliese depths; the grestest velocities correspond to a 

direction from between south and west (i. e. from the open sea) while tlie ciirrent, 

almost in a11 cases, was slower at  more easterly directions (i. e .  from the land-side). 

Even small variations in direction may in this respect correspond to great variations 

in velocity. 

Maiiy of the curves in Fig. 81, A and R, seem to show a certain regularity, witli 

periods of 6 or 12 hoiirs, indicating the tida1 influence. This is especially the case 

with the curves for 60, 80 and 100 metres. The ciirve of velocity at  100 metres 

represents a regular tidal current, iwth a period of about G hours; the curve of direction 

for the same depth has the oblique cotirse characteristic of the variatioiis of a tida1 

current, but witfh a remarkable bend at  directions froin the south (SW to SE). It 
mill easily be seen tliat the current had considerably greater velocities when coming 

from between north and mest than when running from the sontli. The observations 

show therefore that the ordinary ciirrent a t  100 metres was going soiithwards, just 

as i t  was found by the observations in 1906 (in the deeper layers at Stat. 312). At 

80 metres similar periodical movemeiits were found, biit i t  is remarkable that the curve 

of ~eloci ty shows periods of 6 hours, while the curve of direction has a period of 12  honrs. 

Both curves for G0 metres show periods of 12 hours, and none of G; the current a t  

this depth had a minimiini wheii coming froin the west, and a inaximiim when coining 

from the south or sontli-east. As the primary tida1 wave a t  Jederen is comiiig from 

aboiit north-west i t  seems as if the current a t  60 metres is increasing a t  ebb-tide, 

bnt not a t  flood-tide; i t  woiild, then, be intermittant and only reach considerable 

selocities diiriiig the reflux of the waters from this part of the coast. Professor GRUND 

[l9091 has foiind similar conditions in the deeper strata of the Byfjord near Bergen 

in his disciission of ciirrent-measurenients made by the Bergen Biological Station. 
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Fig. 83. Current-Diagram, Stat. 147. The Crirves 1-111 give the components in the 
direct,ion parallel to the Coast, from S 20' W; I at  10-11 p. m., July lOth, 
1908; I1 a t  10-11 n. m., Jiily 11th; 111 a t  ahout 6 p. m., July 11th- 
The curve 4 gives the mean velocities, without considering the direction. 

Fig. 83 demonstrates the currents between the surface and the bottom, a t  

varioiis times during the ohservations The Curves I to I11 represent the components 

of the currents parallel to the coast-line, from S 20 o W to N 20 O E ;  I at  10-11 p. m., 

on July 10th, 1908; I1 at  10-11 a. m., July 11th; and I11 at  about 5 p. m., on July 

11th. The broken lined curve IV represents the mean velocities a t  different depths, 

mithout considering the direction. The three first-named ciirves show the transporta- 

tion of water along the coast, and it will be seen, that this traisportatioii may very 

very much. At 10-11 p. m., on July 10th (Curve I), the water iiear the surface, a t  

2 metres, did not a t  all run northwards along the coast, the direction being approx- 

imately towards S B O 0  E ;  but the actual velocity was inuch the same as when the 

current was running northwards. The salinity at the surface was at  the hours 

represented by the three curves 29'2, 29'3, and 29'8 '/o0 respectively, no definite 

relatiou between the salinity and the direction of current being observed. But a t  

10 metres, for instance, the salinity increased, when the direction turned more from 

the open sea. A t  100 metres (iiear the bottom) the salinity seemed to be rather con- 

stant, abont 34'9 O/oo, during the 24 hours of observation. 

On July 6th & 7th, 1906, a number of current-measurements 

were made in the coastal water above the "Skrei"-Bank off Sondmore, 

a t  Stat. 299 (sounding 70 metres; see the map in Fig. 41). The 

observations proved the existence of a current which went seawards, 

from east to west, in the upper 20 metres (salinity below 33('/00), 

while a current in the opposite direction, towards the coast, was found 

in the deeper strata, below 20 metres (salinity above 33 Oloo) ,  as is 
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clearly demonstrated by W- ---E 

Fig. 84 [HBLLAND-HAN- 

SEN, 1907 a]. The aver- 

age velocities were rather 

small ; at 2 metres 6.2 cm. 

per sec., and a t  50 metres 

8'6 cm. per sec. The 

casual velocities were 

sometimes quite consider- 

able, in several cases 

above 20 cm. per sec. 

The observations revealed 

the existence of currents 

caused the primary Fig. 84. Ciirreiit Diagram, Stat. 299, Jiily G t l i &  7th, 
tidal wave as well as by 1906 [HELLAND-HANSEN, 1907a, Fig. 31. 

a reflected wave. 

W e  have mentioned above (p. 106,152) that  a series of measurements 

were made a t  the edge of the continental shelf (Stat. 307; Figs. 24- 

26, 40 and 41) in July, 1906. The station was situated near the western 

surface boundary of the coast-water. The currents were here moving 

along the continental slope, a t  all depths. The coast-water a t  the sur- 

face was thus moving towards the west above the "Skrei"-Bank, 

and towards the nort-east farther seawards, along the continental slope. 

The coast-water a t  the surface north of Stad seems, therefore, to move 

away from the land until it is deflected towards the north and north- 

east near the edge of the continental shelf, where i t  joins the coastal 

curreilt, coming from the south, and the Atlantic current. The obser- 

vations hitherto made indicate that the coastal current described above, 

chiefly follows the edge of the continental shelf, in the salne Ivay as 

the Polar Current runs along the corresponding edge east of Green- 

land. The Norwegian Coast Current (as well as the East Greenlaiid 

Polar Current) is checlced over the uneven coiitinental shelf. I n  July, 

1906, no average northward movement whatever was found a t  the 

siirface, above the banlis off Sondmore. But there may be great local 

vnriations in  tliese conditions, e. g. on account of vortex-movements 

(with vertical axes); i t  may be, for instance, that  the configuration of 
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the coast causes siich a vortex-inoverneilt t o  the north of Stad. The 

experiences of the fishermen, seein, however, to  indicate that the sur- 

face-currents above the shelf are, upon the whole, rather slow along 

the whole of the western and north-western coast of Norway, and they 

are generally iniich more rapid along the edge of the continental slope, 

where the current sornetimes attains very great velocities (e. g. a t  Andenes, 

Vesteraalen). The maiii body of the coastal ciirrent runs thns just 

alongside and parallel t o  the Atlantic current. 

All current-measnrements referred to  here have been made in 

the summer. W e  know nothing about the velocity of the current in 

other seasons. Froin the distribution of salinity and teinperature we 

know that  the coast-water has a component seawards in summer and 

towards land in winter. The surface-ciirrent observed a t  the above- 

inentioned Stat. 299 is in accordance herewith; iii winter we would 

perhaps have observed a slow movement in the opposite direction 

(cf. later). 

The coastal current receives colistantly additions of river-water 

coming from the j'jords. The currents in the fjords have, in later years, 

been studied by a great number of direct measurements, some of 

which will be inentioned here. 
At Stat. 271 of the Michael Sars, measiirements were made inHjirjoseilfjord for 

24 hours, on Augiist 13th and 14tli, 1908 (see Fig. 70). The velocity and direction 

of tlie current are represeiited by the curves in Fig. 85; A at  the siirface; B a t  

2 metres; aiid C a t  6 metres. The maximum velocity was observed at  the siirface, 

where the water without exception was flowing with a eonstant direction senwarcls 

froiii the inner end of the fjord. Great variations in velocity were observed, but we 

know nothing as regards the periodiuity as it mnst have been of 24 hoiirs a t  least. 

At 5 metres the water was flowiiig in the opposite direction (inwards), with much less 

velocity. The relocity was also varying a t  tliis depth; whcu the ciirrent was very slow 

the direction altered very miich, as has generally been foiind by all snch nieosuremeiits 

in the fjords. The conditions at 2 nletres are very interesting (Fig. 86, U). In  the 

afternoon of Aug. 13, the eiirreiit a t  2 metres had the same directioii (from tlie sea 

iiito the fjord) and a greater velocity than the current a t  5 metres. Aboiit midnight the 

ciiirent a t  2 metres was very slow, and the direction nrns from soiith to north across 

the fjord, forining ai1 angle of iiearly 90 O to the currents a t  the slirface and at  5 metres. 

In the forenoon, hug. 14, the eiirreiit a t  2 metres Ead another maximum, bnt followed 

theu the surface-current (seawards). We find, thiis, that the boundary hetween tlie 

opposite currents a t  the snrface and at  6 metres oscillated vertically; the boundary 

was iiearer to tlie surface in the beginuing of the observations, when the siirface- 

ourrent had a minimum of velocity, and deeper down iii the following morning, when 



NO. 21 THE NORWEGIAN SEA 247 

the siirface-current had its greatest 

velocity. A great number of 

measuremeiits proved that the 

curreiits were very slow in the 

deeper strata; in inost cases the 

EICMAN current-meter gave no 

registration. From 20 metres and 

downwards (to 200 metres) no 

ciirreiit was found with velocity 

as great as 2 cm. per sec.(l) 

IIjosenfjord is an example of the 

typical barrier-fjords which are 

very coinmon i11 Norway; the 

deep basiii of tlie fjord is se- 

parated from tlie sea by a higli 

ridge or sill, aiid the cleeper 

water-strata have consequeiitly 

almost iio uovements. 

utrata from these depths down Fig. 86. Curves of Velocity (v) aiid Direetion (D); 
A at  the Surface; B at  2 Metres; and C 

to almost 150 metres were mov- b Metres. Hjoseilfjord (Stat 271), August 

Fig. 86 represents some 

current-diagrams from the Xyfjord 
O' N ~ l i ~ c ' v ! p r ' ! < r  8 /2 

13 V/// 1908 I4 VlIl 
c%?c ,,! 

.- 
ing in the opposite clirection, with 13 th  & 14th, 1908. 

'at  Bergen, which are based upoii 35. 

observations made by the Biolo- 

gical Station, on August bth, 30 - 

1908. The curves demonstrate 2 5 .  

the currents betmeen the surface 

and 200 metres, a t  different hours 

of the day; the cnrrent has heen ,5. 

calculated for the directioii along 

the axis of the fjord. The sur- l o -  

face-layer was constantly moving . 

southwards, corresponding to the 

(1) Similar conditioiis have been found by '  numerous observations in other 
fjords with sills. 

E 

s 

W 

direction outmards from the fjord- '' N 

system. A little deeper, a t  about 13 V/// 1908 14 VI11 

2 metres, the currents varied 

rather much, in both directions; ,5 - 
i t  was chiefly due to the tides. 

Still deeper, down to between lo-  

20 and 40 metres, the waters . 

were moving in the same direction 

20-c%ec 
S - 

w -  

as a t  the surface, with a maximuin O ' N b  ' 

somewhere about 10 metres. The 13 V// /  l908 /4 V/// 
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C m / s e ~  a maximum of velocity a t  60-60 metres. 

10+Nl4'w The bottom-layers, from 160 metres L :y>. 

. .. downwards, were again moving out of 

the fjord. These observat,ions show that 

the current system of such fjords as 

the Byfjord are rather complicated, 

having very different currents a t  different 

depths. They are moreover subject to 

considerahle temporary variations ; the 

series of observations referred to here 

may serve as an example of the conditions 

foiind in the fjords. 

i ;p 
li 8 

All current-measureinents in 

the fjords have shown, that the 

i/// surface-water is, on the whole, 

$ moving seawards (out of the fjords) 

I i IT I 

in the suinmer. I n  the deeper 

strata, water is running into the 
5 W// /O08 

- - - - - - - - 12 ' 0  r ~ o o n  fjords froin the sea outside the 
, , . . . . . . , . . 2 pm.  

- - 4 - coast and the islands, partly as 
- , , -. . - . . - 

' a tida1 flood-current, partly as a 

general drift and then obviously 

l as a reaction-current, caused by 
200 the outflow of the surface water. 

Fig. S6. Current-Diagram from the Byfjyrd 
near Bergen. Augiist, Gth, 1908. of the water 'Iltside the 

coast will in this manner perform 

a kina of circulation; it will move into the fjord, get mixed with 

the water from the rivers and then be carried back again into the 

sea. These conditions explain inany important biological problems, 

such as the distribution of different kinds of fish-eggs and larvae. 

3. Annua1 and Seasonal Tariations. 

The variations of the coast-water are of different kinds and have 

many causes. The variations of salinity are, in the first place, due 

to differences in the rainfall and the melting of snow and ice on land. 

The Norwegian coast is passed by coast-water formed by admixture 

of river-water coming from very different parts of Northern and 
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Central Europe. All waters discharged from the entire rainfall district 

of the North Sea and the Baltic will, in fact, have their only outlet 

along the Norwegian Channel and northwards along the coast of 

Norway. The salinity, as well as the volume and velocity of the cur- 

rent will therefore depend upon the quantity of water discharged 

through the rivers of Germany, of Finland and great parts of Russia, 

of the whole of Sweden, and of the southern part of Norway. The 

volumes of water carried into the sea by all these rivers will depend 

upon the relation between rainfall and absorption of rain-water (the 

drainage) in the different districts, and on the intensity of melting 

(i. e. the insolation and the air-temperature). The values of these 

two factors, rainfall and melting of snow and ice, differ much in the 

differeiit parts of the huge rainfall-district and a t  different times. The 

effect of these variations will be traced all along the Norwegian 

coast, but at  different times, a t  first along the south-coast, and by 

and by farther northwards, depending upon the velocity of the motion. 

The phenomena are, therefore, very cornplicated. W e  have not had 

the opportunity of going into a detailed investigation as regards these 

questions and are therefore compelled to confine ourselves to a rather 

siiperficial study of the variations of the Norwegian coast water in 

relatioil to the meteorological conditions just mentioned. These con- 

ditions have by far  the greatest effect upon the volume and velocity 

of the water along the Norwegian coast. The other causes of the 

variations, such as the varying conditions of the Atlantic water, are 

only of little importance compared with thern. 

The distribution of the coast-water will also depend upon the 

air-tempernture and the insolation; these factors will cause seasonal 

variations in the horizontal extension of the coast-water whicil have 

been mentioned above (p. 227-229) and which will be discussed more 

fully later. The same factors will cause variations in the thermic 

conditions of the coast-water, seasonal as well as annual. 

The annua1 variations of the coast-water may be studied by 

the observations ill May and June, 1901 to 1904. Some observations 
32 
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from the soathern part of the Norwegian Sea, of May, 1905,(1) will 

also be used for the following discussion. 

The table shows the temperatures and salinities observed a t  

Stat. 1, about 10 miles off Feje (at the entraiice to the Sognefjord). 

The position of the station is very nearly the same every year; in 

1902 it was, however, about 13 naut. miles farther to the south than 

in the other years. The date varies somewhat: the observations were taken 

a fortnight earlier in 1901 and 1902, and a week earlier in 1905, thari 

iil 1903 and 1904. There are unfortunately very few observations in 

the upper water-layers in the two first years. 

Station 1 in May of d$erent Years.  

1901, 1902, 1903, 1904, 1906, 
Date . . . May, 6. May, 6. Mag, 22. May, 21. lfay,  16. 
LatitiideN . 60° 68'  60° 48'  61' 1' 61' O '  61° O '  
Longitude E 3 60' 4O 1 6 '  4 O  10 '  4O 10 '  4 O 10 '  

t ° C  Sn/oo t ° C /  S"/oo t ° C I  Sn!on t ° C /  Sn/oo t q ~ / S o / o c  _ -  I 
P- l - , -  I I I 

Surface 

10 m. 

20 )) 

28 

30 R 

40 n 

60 u 

(1) 380 metres. (2) 70 metres. (3) 340 metres. 

Fig. 87 demonstrates the vertical distribution of saiinity a t  Stat. 1 

in May, in the years 1901 to 1905. The variations are compara- 

tively sinall, a t  least below 100 metres (the exceptional course of the 

curve of May, 1902, may partly be explained by the more southern 

position of the st:~tiol~ in that  year). The greatest difference in the 

(1) Publislied in  a Siipplemeiit to the Bullet in for May, 1906. 
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$ a / i n i t y  

salinity, e. g. a t  200 metres, 3 32 33 39 jr5 X.  

was only 0.07 O/UO. The level 

of the 35.0-isohaline is indi- 

cated by a line in the columns ao 

of the table; i t  differs some- 

what in  different years; in 1902 

i t  was a t  about 160 inetres, I* 

in 1903 a t  about 95 inetres. 

It is in most cases a little below 

100 metres. It is noteworthy ---9--- 1903 - 1909 

that  the 35.0-isohaline lies -.-r-.- 1905 

deeper when the surface-tem- 

perature is low (1901 and 1902) Fig. 87. Curves of Salinity at Stat. 1. iii &hy, 
1901-1906. 

than when i t  is high (1903 

and 1904). It is obviously an effect of the lateral oscillation; when 

the sea-surface is heated, the surface water is extended farther sea- 

wards, and the deeper strata are lifted accordingly (cf. seasonal 

variations). 

The teuzperat~,~~e observations in May from all years show a distinct 

ininiinum of between 5 O and 5'12 " C, a t  deptlis between 30 and 50 

inetres. A maximum of temperature is foilnd in the upper part of 

the Atlantic water, a t  about 150 or 200 inetres. The annnal varia- 

tions of ternperature are quite appreciable, but not as great as the 

seasonal variations, wich will be discussed later. The annua1 varia- 

tions in intermediate strata, with approximately the same salinity, 

amount to about 0 . 5  O C. 

The section of the coast-water seawards froin Feje in May of 

different years will be seen in our Plates (XVI, XVII,  X X I A ,  and 

XXIV A) or in Figs. 48-52. The shape of the coast-water section 

differs a great deal; i t  was deep, and comparatively narrow a t  the 

surface, in  1902, and comparatively shallow, but broad a t  the sul-face, 

in 1903. These variations in the shape of the section may be easily 

explained by the lateral oscillations due to the variations in the 

temperature (density). But the area of the transverse section varies 

also much. W e  have already inentioned that  the transitioil froin 

water with salinity below 35.0 O/UO to water with salinity above 33 0 O/OO 
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is rather gradual and often indistinctly defined vertically. The shape 

of the 35.0-isohaline is therefore not so typical for the variations of 

the coast-water in a vertical section as that  of 34.5 or 34.0O100. W e  

have made use of the latter isohaline (of 34.0 O/OO) for finding the area 

of the coast-water section off Feje in different years. W e  have found 

the following areas in May (by the planimeter): 

Year . . . . . . . . 1901 1902 1903 1904 1906 

Area in  square lrilom. 3'8 6.2 2'9 6.0 6.0 

These variations are quite conspicuous; the area was thus more than 

twice as large in May, 1904, as in May, 1903. It may seem probable 

that  variations such as these are chiefly caused by preceding variations 

in the rainfall. Fig. 88 proves the correctness of this assumption. Curve I 
demonstrates the variations in the coast-water area as given above. 

I1 represents the total rainfall per year in Christiania, in percentage 

of the normal value. 111 represents the yearly rainfall in Bergen, 

from 1900 to 1905, in percentage of the normal rainfall. I V  shows 

the mean rainfall anomaly (in percentage of the normal value) for 

6 stations in Germany (Bremen, Aachen, Berlin, Breslau, Mannheim, 

Meersburg).(l) V represents the mean rainfall anomaly (in O/o of the 

normal value) for the months of October-December, computed for 

25 different stations in eastern and southern Norway. The horizontal 

scale of Curves 11-V is moved one year to the right in relation to  I ,  

so that  e. g. the amount of rainfall in Christiania in l900 comes 

below the area of coast-water in May, 1901. 

The agreement between the curves in Fig. 88 could not be 

expected to be better considering that  the planimeter measurements 

cannot be exact as our observation material is not so complete as is 

desirable. (This is perhaps especially the case in 1901, when relatively 

few observations were made within the coast-water area.) The condi- 

tions are, moreover, very complicated; the volume of the coast-water 

in May depends upon the discharge from the Norwegian rivers some 

time earlier, and from German rivers still earlier; but this discharge 

depends upon the rain of the period, and on the melting of the snow 

(1) The mean rainfall a t  ewch statioii for t he  years 1900-1906 have been 
reckoned as  the  normal value for the place; the  absolute values are therefore not  
correct, but  our curve yives nevertheless the relation between the  different years. 
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which has fallen perhaps some months before. I n  order t o  study the 

relation between these factors exactly i t  would be necessary to work 

up a very large material. We have not found i t  worth while, as  our 

determinations of the quantity of coast-water are not accurate enough 

Fig. 88. Cnrves showing the Varia- 
tions in : I the Area of Coast 
Water aeawards from Feje, 
in Square Kilometres; II- 
IV the yearly Kainfall Ano- 
maly (I1 in Christiania, I11 
in Bergen, 1V in Germany) ; 
V the Ilainfall Anomaly 
in Norway, in October to 

Decernber (incl.). 

Fig. 89. Curve I demonstrates the 
Coast Water Area in the 
Sognefjord Section (in square 
kilom.), I1 the total Quali- 
tit*y of Sprat, caught in 
Norway, and I11 the Qnan- 
tity of Small Herring befoie 
the first Spawning (in 1000 

Hecto-litres). 

for a detailed examination. As i t  is, the curves in Fig. 88 seem, in 

our opinion, to prove the correctness of our assumption. W e  may 

especially ca11 attention to the fact that  Curve V agrees better than 

the others with Curve I; i t  seems, therefore, as if the rainfall in Norway 

in the last months of the year are of special iinportance for the quan- 

tity of coast-water off the Sognefjord in the following month of May. 
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Our observation material from northern Norway (the Lofoten 

section) is not great enough for drawing trustworthy conclusions as 

regards the quantity of coast-water in higher latitudes. 

Relation between the Annua1 Variations in the Coast- Water mnd the 
Fisheries qf Sprut and Small Herrin,y. 

It would a priori seem very natural that  the variations of the 

coast-water had som influence e. g. upon the coast fisheries. W e  have 

examined the catches of some species of fish which are caught in the 

upper water-layers near the shore. Such species are, for instance, the 

sprat (Clu23eu sprattus), and the small herring (Clupea harengus, before 

the first spawning). The sprat is caught along the southern coast of 

Norway, especially in the autumn in the districts round Bergen and 

Stavanger, while the greatest quantities of small herring are, as a 

rule, fished in northern Norway. W e  might, then, expect to find 

soine relation between the coast-water in May and the catches of sprat 

in the same year, whilst the small herring-fishery much farther to the 

north might be expected to show corresponding variations much later, 

for instance in the following year. The curves in Fig. 89 have been 

drawn from this point of view; Curve I represents the area of the coast- 

water section and is the same as Curve I in Fig. 88. I1 shows the total 

quantities of sprat caught in Norway in the same years as the coast- 

water areas are referred to. 111 represents the total quantities of 

small herring caught in the following years. The quantities of sprat 

and herring are given in thousands of hecto-litres. 

The agreement between the curves in Fig. 89 is still better than 

might be expected. During the period of 5 years, from which there 

are observations, i t  is seen that  a comparatively small area of coast- 

water corresponds to small catches, of s p a t  in the same year, and 

of small herring in the following year. As the coast-water variations 

correspond to  the variations in rainfall during the previous year (or 

autumn), there should be a correspondance between the rainfall of a 

certain year, and the sprut-fishery one year afterwards, as well as the 

small herring fishery two years afterwards. I n  the statistics of these 

fisheries, the quantities fished of both species are, unfortunately, 

mixed for years previous to 1901. We have therefore no data for 
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exainining the relation between rainfall and sprat or small herring 

fisheries in earlier years. But for later years, as far as the statistics 

are worked up, the agreement is almost complete. The curves in 

Fig. 88 show that  there was an increase of rainfall in Norway from 

1904 to 1905; Fig. 89 shows a similar increase of the catches of sprat 
from 1905 to 1906, and of snzall herring from 1906 to 1907. These 

conclnsions are based iipon observations of 5 years only, and i t  may 

be, of course, that  further investigations will give other results. But 

the coincidence seems to be so striking for the years in question, 

that  i t  is, in our opinion, not likely to be rnerely accidental. 

Seasonal Variations. 
For the study of the seasonal variations of the Norwegian coast- 

water we shall again turn to Stat. 1, off the Sognefjord, where 

observations have been made in four different seasons in 1903. Tlie 

observations a t  this station were- taken a t  exactly the same place 

in May and August of that  year; they were talcen about 5 nautical 

miles farther to the north in February, and about 16 miles to WNJV 

in November. The observations a t  Stat. 1 are given in the following 

table. The leve1 of the 35.0-isohaline is indicated by a line in the 

columiis of salinity. 

Station 1 in diferent Seasons of 1903. 

(1) 70 metres. (2) 360 metres. 

Date . . . 
Latitiide N . 
1,ongitiide E 

-- -. 

February, 9. 
G l 0  G '  

4 O  l G 1  

t ° C  / SO/oo 
-p p 

P- l ,  
May, 22. 
61° 1' 

4O 10 '  
-. 

t O c  / So/ao 

l - 

Aiigust, 9. 
61' O '  
4O 1 0 '  

t ° C  1 So/oo 
p 

l 
P- 

November, 18. 
61' 1 6 '  

3' 66 '  

t ° C  I Soioo 
-- . 

I 
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Fig. 90. Curves of Temperature a t  Stat. 1, Fig. 91. Curves of Salinity at 
i n  Differeiit Seasons of 1903. Stat. 1, in Different Sea- 

sons of 1903. 

The vertical distribution of temperature in  the different seasons 

of l903 is denionstrated in Fig. 90. I n  February, the temperature was 

almost quite uniform from the surface to 40 metres, with a slight 

minimum a t  the surface; the density a t  the surface was greater than 

a t  10 metres, and convection currents were making the temperatures 

(and salinities) still more uniform. The temperature was constantly 

increasing from 50 metres to 200 metres where a maximum of almost 

8 " C. was found. I n  May the surface-temperature was about 2.5 O C. 
higher than in February, and decreasing downwards to 40-50 metres 

where a minimum of 5.2" C. was observed. At 50-100 metres, and 

again a t  about 200 metres the temperature was considerably lower in 

May than in February. I n  August the surface-temperature was much 

higher, about 13.8"C. There was once more a minimum of tem- 

perature (6.8" C.) a t  50 metres, and another (6.9" C.) a t  100 metres. 

At  greater depths, down to 250-300 metres, the temperature was 

still lower than in May. I n  November the surface-temperature had 

decreased to 8.7" C. There where some slight minima and maxima 

in intermediate strata, but the temperature between 20 and 200 metres 

was much higher than in the other seasons of the same year. The 
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followiiig table w i l  show the temperature a t  different depths in each 

season : 

Aiigiist. November. 

13'8 8.7 

8'6 9'1 

6 '8 9'2 

6'9 9.3 

6.7 7 .9  
6.4 - 

6.4 6.3 

The miniinum teinperature a t  each depth has been printed in 

italics; the miniinuin teinperature of the surface strata occurred in 

Pebruary, of the strata a t  50-100 inetres in May, a t  200 metres in 

August, and the ininilnum tempeiature of the deepest strata occurred in 

November and February. This shows very clearly, how the "winter" 

in the sea is proceding downwards, and is for instance met with a t  
i 200 metres in August, and near the bottom in the following winter. 
i 1 The amplitude is great a t  the surface (at least 9 "  C.) and decreases 

with the depth. A t  the bottom i t  seems to be very slight indeed, in 

1903 only 0.1-0'2~C. The temperature miist chiefly depend upon the 
l 

! season; but the variations in the currents have also an appreciable 

l influence upon the temperature, as was probably the case in November, 

1903, when there was much Atlantic water W e  have, unfortunately, 
l 
l no sufficient observation-material from other years for the study of 
l 

i the seasonal variations of the coast-water. 

Eig. 91 demonstrates the vertical distribution of salinity in diffe- 
i rent seasons of 1903 (cf. the table p. 151). There is a distinct minilnum I 
I of salinity a t  the surface in August (29.56 O/OO), aiid a maximum in 
l 

November (33.70 Oloo). It is a general rule that  the lowest salinity 

occurs in the summer and the highest in the winter. It has been 

observed by DAMAS [1909, p. 2341, that  a great number of southern 

(Atlantic) plankton organisms (such as Salpae, Araclznactis, Physo21hora, 

etc.) arrive a t  the west coast of Norway in the autumn, probably in 

every year. It may indicate an influx af Atlantic water towards the 

coast in that season, which is in accordance with the increase of 

I salinity. This influx of Atlantic water iuay be caused either by an 

actual progress due to an increase eastwards of the Atlantic Cilrrent, 
33 
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or - which is more likely - by the narrowiilg of the coast-water due 

to the lateral oscillation that we have mentioned several times above. 

It was a t  first observed by HJORT and GRAN [l8991 that  the 

waters off the south-western coast of Norway exhibited certain periodical 

oscillations, causing e. g. the 35.0-isohaline to rise nearer towards the 

surface in suminer than in winter, when it was found considerably 

deeper. These changes are clearly demonstrated by our observations 

from 1903. It is, however, remarliable that in November the depth 

of the 35.0-isohaline was only some 30 metres; it may partly be due 

to the north-eastern position of the station as compared with the other 

seasons; bat  i t  is probable that the quantity of coast-water has beeii 

exceptionally small in Noveinber, 1903, and that  the said isohaline 

therefore was met with a t  a higher level than norinal. During the 

four seasons from which we have observations, the clepth of the leve1 

a t  which the 35.0 water is observed, is continually decreasing, and we 

find consequently an increaae of salinity i11 the interrnediate layers, 

e. g. a t  100 metres. The variations in the salinity a t  100 metres will 

therefore be reversed as coinpared with the variations a t  the surfaces, 

inaximuiri being fonnci in summer, and ininimuin in winter. Or, in 

other words, the coast-water is wide but shallow in snmmer, and nar- 

row, but decp in winter; the 35 O-isohaline has an obliqiie course in 

winter, while in suininer i t  runs more parallel to the surface. By 

means of our sections we find the followiilg distances froin the coast 

to the boundary, on the surface, between the coast-water and the 

Atlantic water : 
I.'el)iua~y. May. August. Novemher. 

9 3 104 187 70 kilometres. 

These figurcs elucidate very clearly the lateral movernent of the 

coast water. The distance from the coast to the Atlantic ciiirent was 

inore than twice as large in August, as in November or February. 

W e  hare :ilready stated that thjs lateral oscillation is chiefly 

caused by the variations in the density of the coast-water in relation 

to that of the Atlantic water (p. 225 et seq.). It is of great importance, 

amongst other tliings, for the distribution of neritic planliton-orgaiiisms, 

e. g. the eggs and larvae of many fishes, the medusae, etc. It is i11 

perfect accordancc m~itli the fact that these organisms have a miich 

farther seaward distribution in summer than in spring or auturnu. 
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l The coast-water has a component seawards in summer, and towards 

I the land in winter, while during the year on the whole, i t  is inoving 

1 northwards along the coast. A certain volurne of water, which is 

close to the west-coast of Norway in the early spring will therefore 

move obliquely away froin the coast, towards the north and northwest 

and at,tain its farthest seaward extension in the late summer-montlis; 

l afterwards i t  will again approach the coast, which i t  may perhaps 

1 reach a t  some high latitude. These are the great featnres of the 

l movement of a certaiil volume of coast water; but i t  is of conree 

l subject to very many variations, e. g. on accoiint of numerous vortex- 

l movements. 
l 
l The lateral oscillation is a general phaeno~nenon, which will be 

inet with at  any coast, not only the coast of Norway. The oceano- 

graphic investigations, for instance, in the North Sea, and i11 the 

Iceland waters, have proved the existence of quite similar periodical 

movemeiits of the surface-waters. 
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IX. Polar Currents, 

A metnoir on the Oceanography of the Norwegian Sea would be 

very incomplete without a description of the Polar Currents 

running into it, as especially one of them, the East Greenland Polar 

Current with its branches, is of such signal iinportance for the circu- 

lation of this sea, aiid has such a very great effect upon its physical 

conditions that  they could not be understood without some knowledge 

of the nature of those cnrrents. 

It will therefore be necessary to describe thern, although the 

observations collected during the cruises of the Michael S a ~ s ,  were 

oaly on a few occasioiis taken in the region of the Polar currents. 

Our discussion must consequently be based chiefly upon observations 

that  have been otherwise collected. We may especially mention the 

valuable material of surface-observations collected from the Arctic seas 

by sealiug and whaling captains during the various years. Of late 

years observations which ar6 very important for an understanding of 

the Polar ciirrents, have been taken, especixlly by Capt. RO AI^ 

AMUNDSEN in 1901 [NANSEN 19061 and by the Belgica Expedition under 

the Duke of ORLEANS in 1905 [HELLAND-HANSEN and KOEPOED 19091. 

Polar Water. 

Nansen [l9021 has described the surface.layer of Polar water, 

which covers the North Polar Basin to an average depth of about 
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200 metres, having temperatures between 0 " and - 1.8 O C.(l), and 

salinities froin about 30 O/OO near the surface to about 34.7 O / o o  a t  180 

or 200 metres (where the temperature is about 0 "  C.). Such surface- 

layers of cold water occur in all North Polar seas. They are formed 

by an  intermixture of the water from precipitation, chiefly the rivei- 

water running into the North Polar Sea and the seas washing Northern 

Europe (the quantity of precipitation over the northern seas themselves 

is much less), with the sea-water running into the northern seas from 

Lhe south. The Polar water is consequently a typical coast-water, 

similar to that  carried by the Raltic Current into the Norwegian Sea, 

only with a lower temperature. 

As the surface-layers of Polar water are lighter than the 

underlying water, on account of their coinparatively low sali- 

nities, they cannot sink, even though they may be cooled to the 

freezing-point of the sea-water; and they will thus acquire very low 

temperature in the ~ippermost strata, without any appreciable vertical 

circulatioil being s tu ted .  This is the reason why the suiface-layers 

of the Polar seas offer very favourable conditions for the formation 

of ice. The forination of ice, however, causes an increase in the 

salinity of the surface-water and as this becoines gradually heavier, 

may ultimately start a considerable vertical circulation [cf. NANSEN 

1902, and especially 19061. 

As the sea-water, by contact with the ice, is cooled to the freezing- 

point of water with a corresponding salinity, and as on the other 

hand the salinity of the Polar water increases froin the surface down- 

wards, i t  is to  be expected that contact with the under-side of the 
I 
l many great hummoclcs which descend far below the general lower leve1 
l 
l of the rough ice, will cause the temperature of the Polar water t o  
l 
I 

gradually decrease downwards from the surface to the greatest depths 
I to  which the hummocl<s generally descend a t  no very great distance 
1 froin each other [cf. NANSEN, 1906, p. 72, note 21. If we suppose 
i 

(1) According to  Dr. BLESSING'S observations [NANSEN 1902, pp. 127-129, 263- 
2641 the  minimum temperatures a t  clepths of 40 and 60 metres should have been 
- 1 88 and - 1'90 " C. But as these temperatures are below the  freezing-poiiit of the  
water i n  sitt!,, they are evideiitly soinewhat too low, and we mny nssume thnt t h e  
ininimiim 'teniperatiire very rarely sinks belom - 1'86 " C. 
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the latter depth to be aboiit 60 metres in the North Polar Basin,(l) 

and the salinities as given in the following table, we should fiiid the 

following temperatures at  the different depths, provided tliat the water 

was cooled to its freezing-point in sit% (i. e. exposed to the pressure 

of the overlying water). 

This table consequently gives the lowest temperatures that are 

possible a t  these various depths with the salinities mentioned. The 

probability is that  below 20 metres temperatures as low as above 

will hardly ever be found if the salinities be no higher, because that  

part of the water, which has been in contact with ice, and has been 

cooled down to freeziilg-poiiit, has been mixed with water, ~vhich 

has not been in contact with the ice. Nevertheless teinperatures 

approaching those of the above two series will generally be found 

wherever ice and the typical conditions of the Polar water occui (e. g. 

iii the North Polar Basin, or in the East Greenland Polar Current, or 

in the cold snrface-layers of the Barents Sea [cf. NANSEN, 1906, 

pp. 55, 139-141, 1451); and there is as a rule a minimum a t  depths 

between 40 and 60 metres.(2) 

(1) Tlie great hammocks of the North Polar ice rise to :lbout 6 metres or 7 metres 
(or sometime even 8 metres) above the water-surfnce, and probably descend to 60 n~etres  
or more below the surface, provided that  the shape under water i5 not much 
broader tlian that  above. Isolated pieces may eveii desceiid much deeper. The buoy- 
nncy of the North Polar ice is  considerably less than that  of glacier ice, or fresh 
water ice, because i t  is very porous, and the pores are filled with brine, tlie salinity 
of which varies with the  temperature of the ire. 

(2) Another Irind of minimum of temperature inay be formed oiitside the region 
of the  typical Polar water. By the cooling of the  sea-surface and the  vertical circti- 
lation during the winter the upper water s t ra t :~  may become very cold and nearly 
homogeneous down to a certaiii depth a t  the end of the winter. By the henting of 
the sea-surface arid the  metting of ice in  tlir summer the temperat~ire is  raised and 
the  salinity loweretl i n  the tipper strata, and a minimum of temperatnre may then 
be found in the deepest strata to which the vertical circulation from the surface 
descended cliiring the precediiig winter [cf. HELLAXD HANSEN and ICOEFOED, 19091. 
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At depths below the leve1 of this minimum, the temperature again 

gradually increases downwards, a t  first slowly, then more rapidly, 

towards the temperature of the underlying variner water-layer with 

teinperatures above O" C. and salinity above 34.7 or 34.8 O/oo. The 

! isotherm of O O C. may be talcen as marlcing the boundary between the 

l two layers. I t s  depths may vary in the different regions of the sea. 
1 Along the Franz's roiite through the North Polar Basin i t  was found 
I 
I a t  depths varying between 170 metres and 220 metres (or even 250 
i 
t metres). 
! 
I The above general features of the vertical distribution of tenlpera- 

1 ture and salinity are typical for all North Polar or Arctic Currents 

l carrying Polar or Arctic water. The explanation of the intermediate 

wariner layer which almost everywhere (also in the Antarctic) occurs 
I 

betweeii the top layer of cold Polar (or Arctic) water and the cold 

bottom-water filling the deeper parts of all northern seas, is that  there 

is a gap in the density between the lighter Polar waters with com- 

paratively low salinities and the much heavier bottom-water; wariner 

waters witli densities corresponding to this gap, will therefore find 

their way from the adjacent seas in between these two lcinds of water 
l 
1 which are entirely different both in nature and origin [cf. NANSEN, 19061. 

l W e  may distinguish between three Polar currents running into 

the Norwegian Sea, viz. the Baar Island Arctic Currerzt, the S13itsbeyqen 

Polar Czwg.ent, and the Bast Greenland Polar Current. 
l 
l 

l 1. The Bear Island Arctic Current. 

By this name we ca11 the narrow cold current, running westwards 

and south-westwards into the Norwegian Sea south of Bear Island. 

It comes from the northern Barents Sea and follows the soiithern 

slope of the Bear Island Bank along the north side of the Bear Island 

(!hanne1 (cf. NANSEN, 1906, Pls. I1 $ 111, see also our Pl. XIII) .  The 

volumes of water carried by this current are evidently not very con- 

siderable. They are composed partly of cold Arctic water from the 

northern Barents Sea, with temperatures below 0 "  C. or even below 

-- 1 O C., and with salinities below 34.7 O/oo-and partly of somewhat 

warmer water with Liigher salinities arising from an intermixture of the 

cold water with the water carried by the North Cape Carrent. 
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Our only station taken in the middle of this current is Stat. 61, 

on Septeinbei 4th, 1900, (see Pl. 111, and the section, Pl.  XIV A, Fig. 3). 

Between depths of 20 metres and the bottom a t  90 inetres, the tem- 

peratures were below 0 "  C., between 30 and 50 metres below - 1 " C., 

and the saliiiity rose downwards froin 34.00 O/oo a t  20 metres, to  34.72 

a t  90 metres. At Stat. 60, a little farther south. both teinperatures 

and saliiiities were somewhat higher (see Pl. XIV A, Fig. 3). 

I n  March, 1901, a similar section was taken, but there was no 

station so near Bear Island as to be actually in this narrow current. 

Stat. 24 (Pl. XV, Fig. 4) was just on the bonndary of it, however, as 

the section shows. 

The inclination of the isopylmals in these two sections from 

September, 1900, and March, 1901, do not, however, indicate any rapid 

westward movement of the ~vaters of this current, unless we assume 

that the bottom-layers have been moving with alinost the same velo- 

cities as the suiface-layers. But if there had been inore stations in 

the current, the section wonld probably have had a different appear- 

ance. The inclination of the isopykilals in both sections also proves 

that this Arctic current must be very narrow, as nearly a11 the water 

filling the opening between Norway and Bear Island was evidently 

moving eastwards, with comparatively great velocities near the surface. 

W e  consider i t  probable that this current is nearly always running 

westwards along the southern slope of the Bear Island Bank; but 

being so small and narrow, i t  is naturally subject to great variations, 

and its waters may easily be more or less mixed with other waters. 

It is probable that  this current helps to forni a lcind of eddy or 

cyclonic vortex-movement in the sea south-west of Bear Island, as was 

mentioned above. 

This current, though insignificant, may nevertheless be disagree- 

able for navigation, as i t  often carries ice far  towards the south-west 

of Bear Island. 

2. The Spitsbergen Polar Current. 

This current runs round South Cape on Spitsbergen, and north- 

wards aloag the west coast, inside the Spitsbergen Atlantic Current. 

I t  flows south-westwards slony the south-east coast of Spitsbergen (and 
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Edge Island). W e  lcno~v very little about the course and nature of this 

current, but it probably follows the depressions of the continental 

shelf between Spitsbergen and the Bear Island and Hope Island Bank 

(cf. Pls. I & XIII) .  As, however, the waters over this shelf are very 

shallow, hardly above 100 metres in depth, we cannot expect the 

current to be deep; and in fact it is chiefly a surface-curreiit. It 
carries Polar or Arctic waters with temperatures below O" C. and 

comparatively low salinities, but they are evidently to a very great 

extent already intermixed with Atlantic water before they reach 

Sontli Cape. I t s  siirface salinities vary in summer between 32 0 and 

34.0 O/oo [cf. NANSEN, 1906, Pl. I ;  HAMBERG, 1906, p. 28, Pl. 111, bnt 

in winter are probably much higher, owing to the formation of ice. 

No good station was ever takeii in this current, so we 11now 

liardly anything about its depth and the vertical distribution of tem- 

peratilre and salinity. The Station G (76 40' N. Lat., 23 " 12' E. Long) 

of the Nathorst Expedition, Jnne 24, 1898 [HAMBERG, 1906, p. 371, 

was probably on its outskirts. The teinprrature decreased from 2.3 " C .  

a t  the surface, to a miniinuin of O 2 O C .  a t  50 metres, or very nearly 

the same depth a t  which there is a minimum in the North Polar 

Basin and in the East Greenland Polar Current [cf. NANSEN, 1902, 

19061. From this minimum the temperature again increased down- 

wards to 1.7 " C. near the bottom a t  127 metres. The salinity increased 

downwards froin about 34.04 a t  the surface to about 34.89 '/o0 a t  the 

bottom.(l) It is probable that  we should find a similar vertical distri- 

bution in the middle of the current, only with lower temperatures 

and salinities. 

At  HANBERG'S Stat. F (77 O 25' N. Lat., 27 30' E. Long.) the 

temperature decreased from -0.3" C. a t  the surface (and 33.0 '/no) to 

a minimum of -- 1 .7 '  C. a t  30 and 50 inetres below the surface. The 

salinity a t  30 metres was 33.86 O/oo, and a t  50 metres 34.12 '/on. 

A t  100 metres there was - 0.8 " C. and 34.33 O/oo, and a t  the bottoin 

a t  160 metres - 1.5 O C. and 34.96 O/oo. W e  consider i t  probable that  

the last inentioned, very cold layer was local bottom-water of the lcind 

characteristic of the Barents Sea [cf. NANSEN, 1906, pp. 20 et seq.], 

(1) We have redixcecl HA~IBERG'S values of saliuity hy 0'06 O/oo i n  order to make 
them Iiarmonize wlth others computed by Rniidsen's Tables (cf. above p. 16). 

34 
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which had been forinecl during the winter-by the cooling of the sea- 

surface and by the fonnation of ice-and had sunk to the bottom. 

This is also proved by its high salinity. Thus i t  did not belong to 

the water of the surface current. I s  is doubtful, in our opinion, 

whether this Stat. P was actuallp in the area of the Spitsbergen Polar 

Current, or whether i t  was not rather to the south-east of it. It is 

possible that  the waters a t  this place run more southwards d o n g  the 

slope of the Hope Island Bank, and join the Bear Island Current. 

ROALD AMUNDSEN'S two Stations 24 and 25 near King Charles 

Land, also show low teinperatures [cf. NANSEN, 1906, p. 551, and a t  

Stat 24 there is also a cold bottom-layer a t  150 metres (of - 1-79" C. 

and 34 61 O / O O ) .  

Stat. 338 (76" 16' N. L a t ,  1 7 "  49' E Long.) of the Norwegian 

North Atlantic Expeditioii [MOHN, 1887, p. 581 was evidently south 

of the Polar Current, south-east of So~i th  Cape. There was a mini- 

mum of 1 7' C. a t  73 inetres, but otherwise the temperatures between 

O and 183 metres were above 2" C. At depths greater than 219 

inetres the t~mperiitures were below 0' C ,  a t  '238 metres and a t  the 

buttoui a t  '267 inetres even about - l0  C This cold bottoin-layer 

was evidently not brought by the Spitsbergen Polar C~irrent, but was 

iocal bottoin-water (or wiiiter-water) of an origin siinilar to that  men- 

tioiied above, a t  HAMBERG'S Stat. F. and AMUNDSEN'S Stat. 24. 

After having rouilded South Cape the Spitsbergen Polar Cur- 

rent runs north~vards as a coast current close along the west coast of 

Spitsbergen, betweeii the land and the Atlantic Current, ~v i th  the 

waters of which i t  is gradually intermixed. 

This Polar Current greatly affects the navigatioil on Spitsbergen, 

as i t  carries ice along the coast, round South Cape, especially early 

in the suininer. And i t  is evidently also the cause of the east coast 

being so often blocked by ice. 

3. The East Greei~laiad Pollar Current. 

Since Nansen wrote his inemoirs on "the Oceanography of the 

North Pular Basin," [l9021 and on "Northern Waters" [1906], where 

he has nlso described the above current, nnmerous very itriportant 
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observations have been taken by KOEBOED ill or near the region of 

this current east of northein Greenland, during the expedition of the 

Duke of ORLEANS in the Belgica (with Coininander A. DE GERT~ACHE 

as captain), in the summer of 1905. This observation-material, de- 

scribed and discussed by HELLAND-HANSEN and K O E ~ O E D  [1909], gives 

much valuable information about the Greenland Polar Current, and 

we have thus now attained a fairly clear understandiiig of its inost 

important features in that region. Our Pl. XIII, (which is the same 

as Nanseii's Pl. V, [190G]) was uiifortunately printecl before we knew 

of these observations, otherwise the charts of the Plate inight hare 

been made more complete. 

The East Greenland Polar Current is composed of cold water, 

with temperatnres below 0 " C , and coinparatively low salinities, 

which comes from the North Polar Basin, wliere i t  forins a surface- 

layer with a thiclsness of between 170 and 240 inetres(1) [cf. NANSEN, 

1902, Pl. XV]. The curient runs southwards frotn the unknown 

north, aloiig the north-east coast of Greenlalid, and across the prob- 

able subinarine ridge between this coast and Spitsbergen. mTe do not 

lsnow the depths over this ridge on the Greenland side, but we thiiils 

i t  probable that they are coinparatively small. The Polar Ciirrent 

follows the edge of the Greenland continetital slielf soutliwards, run- 

ning with by far its greatest velocity over the coiltineiital slope, and 

only with small velocities in the shallow scJa over the floor of the 

coiltinental shelf. The latter is probably very broad--ab\~ut 120 naut. 

iniles (or 220 Bilometres)-as far north (in about 78" N. L a t )  as the 

soandings of the Be1,yica give us any illformation aboilt i t ;  and i t  har 

the same width fartber south in 76" N. Lat. W e  thinls there is 

soine piobability that the continental shelf is also coinparatively wide 

north of 78" N. Lat. as this would best explain the conclitions of the 

East Greenland Polar Current, farther south where we lsilow it. 

Fig 95 (p. 289) represents a transverse section of the East Greeiiland 

Polar Current, in about 76" N. Lat., which gives a good idea of the 

(l) Tliis water is really as ineiitioned above to  be considered :IS coast water, 
liire tha t  of tlie Baltir Ciirrent, formed by interrnixture of river-wziter, cliiofly from 
Siberia, with t he  Atlantic water aiid otlier water rniiiiing iiito the North Polar 
Basin tlirouyh tlie Karents Sea and west of Spitsbergen. 



268 HELLAND HANSEN AND NANSEN [REI,.  NOR^'. FISH. 11 

horizontal and vertical distribution of temperatnre and salinity in this 

current (see also Pl. XXV, Sect. IV). The sectioii passes from the Belgica 

Station 36a, in 76" 37' N. Lat., 18 O 22' W. Long,  along 8 stations 

of the Belgica (see Fig. 94) and through AMUNDSEN'S Stats. 23, 22, 
18, 13, and 15 to RYDER'S Stat. VIII .  The section passes along 

straight lines froin Stat. 36 a to 30 of the Belgica, aiid from the latter 

station to  AMUNDSEN'S Stat. 13, and thence to BYDER'S Stat. VIII .  The 

other stations have been projected on these lines, pa,rallel to the ruain 

direction of the current (cf. Fig. 94). 

As AMUNDSEN'S stations were takeii in June and Jiily, 1901, 

the Bebica stations in July, 1905, and RYDWR'S station in July, 1891, 

the section does not give an  accurate representation of the condi- 

tions in either of these years; but the general great features are 

certainly much the same every year in this region, and we may there- 

fore assume that  the section gives a trustworthy representation of the 

main features of the horizontal and vertical distribution of temperature, 

salinity, and density in the East Greeuland Polar Cnrrent, as also in 

the cold "central region" outside (ai AXUNDSEN'S statiom) in  the 

summer. 

A very striking feature in  this section is the nearly horizontal 

direction of the equilines over the continental shelf, and their sudden 

rise near its edge and over the continental slope, between Stats. 30 

and 29 a. The steep inclination of the isopylrnals between these two 

stations proves that the southward transportation of water by the 

ciirrent takes place chiefly along the edge of the shelf and over the 

continental slope; while the southward niovement over the continental 

shelf is comparatively insignificant, as has been pointed out by HEL- 
LAND-HANSEN and KOEFOED [1909]. The explanation of the latter 

fact may be tha i  the floor of the shelf is probably very iineven. 

It is very possible, and even prolable, that the Bel.qica sta- 

tions of our section have been in a submarine valley or fjord (cf. P l .  I), 

and that  to the north of them there has been a higher ridge or 

plateau rising to withiu between 100 and 200 inetres of sea-level. 

There is n sounding of 183 metres indicating snch a plateau or ridge 

to the south (Pl. I), and the Belgica sonndings farther north, north 

of 78 O N. Lat., also indicate a high general leve1 of the continental 
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shelf, soundings of 100, 78, and even 58 inetres being taken far  from 

land, and outside inileli deeper soundings, of 490 and 530 inetres, iii 

another subinarine fjord. It is also in conforinity with the general 

features of other continental shelves [cf. NANSEN, 19041 that  the 

general leve1 of this continental shelf, where i t  is not intersected 

by submarine fjords, is between 100 and 200 iiietres below sea-level, 

or even higher if i t  is built np of hard primary rocks. 

If this be coriect, the explanation of the horizontal direction of 

the isopyl<nals over the contineiltal shelf in our section is simply 

that the sectioii has passed along a submarine fjord, where the greater 

part of the water has been below the leve1 of the ridge on the 

northern and southern side of this fjord. The water may either have 

had very little motion, or i t  inay have been moving along the fjord 

in the direction of the section. It thus seems qiiite natural that 

there should iiot be any great general inovement in a southward 

direction of the water over the continental shelf. The maiii body of 

the southward current iniist rim along the edge of the coiitinentd 

shelf where there are no transverse ridges to stop i t ;  and owing to 

the considerable deflective effect, which the Earth's rotation has in 

these high latitiides, the current will be pressed close against the 

continental slope on the right hand side of the nzotioii. 

As the veloeities are certainly inuch greater in the surface- 

layers than in the deeper strata, the water near the surface inust be 

pressed hard towards the right, and the lighter surface-strata inilst 

become rnuch deeper on that side of the cnrrent. 

The equilines mnst therefore acqiiire the shapes that  we see in 

the sectioii, with steep incliiiations near the edge of the shelf and 

over the slope, and hardly a'ny inclination over the shelf. Farther 

seawards, towards the region of AMUNDS~N'S Station, there is evid- 

ently also very little motion, as rnight be expected. The conditions 

are similar to (although in a way even siinpler than) those we found 

in the Atlantic Ciirrent off the Norwegian Coast, where the north- 

wsrd moveinent Tvas also chiefly liinited to the continental slope aiid 

the edge of the continental shelf, while the motion was cornparatively 

slow over the shelf. 
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HELLAND-HANSEN and KOEBOED [l9091 have calculated the velorities of the 

waters moviug soiithwards betveen Stat. 2 9 b  and 292,  and leaviiig friction out of 

account, they have fouiid tliat the .difference in velocity between the various strata 

\vas as follow: 

Difference between surface and 50 metres was 3 cm. per secoiid 
n n D n 100 n n 11 1) )) n  

n n )) 200 D n 20 D n n 

)) n D n 300 n n 22 n D » 

As friction Iias not been taken into acco~int,, the values of velocity are some- 

what too small. If we assume that the movement has been very slow a t  300 metres, 

we mag. coiiclude that tlie velocity of the surface-curreiit a t  this place has been 25 

cm. per second or somewhat more. Biit as the water a t  300 metres was probably 

also moving soothwards, the surface velocities have been greater. 

From the observations a t  two stations farther north HELLAND-HANSEN and 

KOEFOED have compiited the differences of the velocities of the southward-moving 

water strata between these stations to be as follows: 

Difference between velocity a t  surtitce and a t  50 metres was 16 cm. per secorid 

n n n n D n n 1 0 0  x D 24 n » D 

)) n » » » n n 2 0 0  30 n D n  

n n » a n n n 3 0 0  n n 30 n n n 

)) n o n n  n » 4 0 0  n 30 n » n 

)) )) n » n n n 600 n a 31 n n 

)) D » » » n n 8 0 0  n n 32 » n n 

The values found in this case majr liave beeii somewhat too great, as the sec- 

tion was not transverse to the directioii of the ciirrent, and i t  was therefore assiimed 

that tlie arigle betweeii the sectioii and the current-direction was 30 " ;  but this angle 

may have been greater, in which case the val~ies obtaiiied would have beeii smaller. 

On tlie other hand if frictioii Liad been tdien into account, this would litive increased 

the values. Provided that the movement of the water has not been considerable a t  

800 metres, we may assurne that the velocitg of the siirface ciirrent alolig the edge 

of the continental shelf off Greeiiland vas  between 25 aud 32 centimetres per second 

(12-16 naut. miles in 24 hours). As HELLAND-HANSEN and IIOEFOICD have poiiited 

out i11 detail [1909], these values agree remarkably well with the velocities of the 

ice-drift which Nansen [1890, vol. I, pp. 295, 3001 has calculated from the drift of 

ships with the East Greenland Polar Curreut, aiid also with the velocity of drift 

observed by Commander A. DE GERLACIXE during tlie cruise of the Belgica iii 1905. 

It is a strilting fact that, according to both the above series of calc~ilatioiis, 

the greatest velocities of the current are evidently in the top layers, between the sur- 

face aiid 200 metres, while there is apparelitly very little differeiice between the 

velocity a t  200 metres and that a t  eveii 800 metres. At 200 metres at Stats. 29 b 

and 29 a, we fiiid a,pproximately the boundary between the cold top-layer of Polar 

water from the North Polar Basin, and the underlying warmer water which has a 

different origin, as ai11 be nientioned later. The ztctual southward velocity of the 

latter water cannot be computed as long as \tre do not kiiow the velocity, e. g. a t  

800 metres; 1 ~ u t  there is little probability that i t  is considerable. 
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We have assumed that the observations at  ANUXDSEN'S stations in Jiily, 1901, 

descrihed hy Nansen [1906], and the ob~er~a t ions  at  the Bebgica stations in  July, 1905, 

represent approximately the usual relation in the distribution of (lensity iii this 

region, although the obseivations are talcen in different years. Ry using AMUND. 

SEN'S Stat. 23 (July 11, 1901; 74 30' N., 7 53' W.) aiicl the Belgica Stat. 28 

(July 21, 1906; 75 66' N., 9 0' TV.) we have computed the velocity of the ciirreiit 

in the sea between these two stations, and have found the following values of the 
di ference of velocify a t  the surface and a t  

inetres 10 20 60 100 160 200 300 500 600 700 800 

cni./sec. 0'4 0'7 1'2 2'4 3.3 3'8 4'5 6'7 6.2 6'7 7'0 

These values are naturally too lov, beca~ise the probability is that an observa- 

tion-statioii iiearer to Stat. B 28 would have given a steeper incliiiatioii of the isopylr- 

nals and higher velocities accordinyly, and also becanse the line between the two sta- 
tions ruiis obliquely to the direction of the current. The aiigle inay have been ahout 

45' in which case the valixes foiind should be multiplied by 1'43. It has als0 to 

be coilsiclered that the friction has not been talreli into accoixiit, which also makes the 

valnes fonnd too low. 

The water is a t  all the above deptlis lighter a t  the Belgica Stat. 28 tliaii a t  

AMUNDSEN'S Stat. 23. The water should consequently flow southwards with velo- 

cities tliat decrease from the surface tlomnwards as the above figures indicate; but i t  

caiiiiot be decided by compntations whether the deep strata flow southwnrds or iiorth 

wards, or a t  wliich depth eventually the velocity of O occiirs. The probability is that 

al l  water down to 800 metres riins southwards, because the density was certaiiily not 

smaller at A~ITJNDSEN'S Stat. 23 than that a t  Stat. B 28, in the deepest strata wliere 

there are iio observations. 

Our computatioiis indicate tliat there are probably no great velocities in the outer 

part of the currcnt l~etweeu the two statioiis, as compared with the velocity of the 

siirface ciirreiit iiear the coiiiinentnl slope, aiid they also inclicate that there are prob- 
ably iio gieat \~elocities in the deeper stratn, belo~v the level of 200 metres. The 

differeiice between the velocities at  200 metres and at  800 metres was according to 

oiir former compiitatio~i (p. 270) only 2 cm. per second, and according to our latter 

compiitations 3'2 cm. per second. 

If this be correct we arrive a t  the following conclasion: 

The fast southward movement of the East Greei~land Polar Cur- 

rent is chiefly limited to the upper 200 metres of the sea, and to a 

narrow belt along the continental slope. The inain body of the cur- 

rent is thus very narrow, and only 200 metres deep, being chiefly 

composed of cold Polar water, gliding on the underlying warmer 

water as a floor. The underlying illterinediate warm water-layer moves 

coinparatively slowly. 
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The Ho~izontal and Vertical Distribution oj' ITem1~erature, Salirzity, and 

Density within the Gold Water o f  the C'urrent. 

This distribution must be influenced by the movement. AS the 

velocities are greatest a t  the surface, we must expect the surface- 

layers of cold Polar water, which are lighter than the underlying 

water on account of its niuch lower saliiiities, to be pressed towards 

the right, owing to the effect of the Earth's rotation. They will 

consequently be much deeper on the land-side of the inain current, 

than on its seawara side, ~vhere they will be raised and will be 

comparatively thin. This agrees exactly with the conditions in the 

section. A t  Stat. 29 b, just over the edge of the continental shelf, and 

on the right of the main current, the isotherm of O "  C. descends to 

about 225 metres, froin 135 rnetres a t  Stat. 29 a ;  and the isotherm of 

- 1 "C. descends to about 190 metres, from about 90 inetres a t  

Stat. 29a.  The depth of the strata on the right of the main ciir- 

rent (at Stats. 29 b and 30) will d s o  approximately determine the 

depth of the salne strata over the continental shelf, where there is 

comparatively little moveinent, and where we consequently find a 

nearly horizontal course of the equilines. 

Considering that  differences in the inovements have such a great 

effect upon the thickness of the surface-layers, we cannot expect that  

the several strata of the Polar water will have the salne thicknesses 

everywhere in the East Greenland Polar Current as they have in the 

North Polar Basin, because the conditions and the movements are very 

different in the two seas.(l) According to what has been said above, i t  

is to  be expected that  the strata of Polar water on the right of the 

current and over the continental shelf would be thicker than in the 

North Polar Basin, while the contrary will occur on the left (seaward) 

side of the current. Our section proves that such is the case. 
We know the thiclriiess of the strata of Polar mater in  tlie North Polar Basin 

only along the track of the B a r n ,  1893-1896. 

In  the folio.cving Table (pp. 274 Sr; 276) we give the observations from two different 

localities in the North Polar Ba8in (and also the means of all stthtions there), together with 

tlie observations a t  four Bel.& statioiis, Stat. 36 a close to the coast, Stat. 30 inside 

(1) I t  is also probable that the strata of the Polar mater will varg i11 tliiclrness 
with the peiiodical variations in the Polar Cnrrent (cf. above, p. 113). 
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the  edge of the  coiltinental shelf, Stat .  29% outside the  edge, and Stat. 28 a little 

farther from it. The last txvo statioiis are on the  oiiter side of the  maili body of t,he 

cnrrent, wliile the  first two are iiiside it. Tlie salinities of t he  Fram expedition have 

been computed from tlie dctermiiiatioiis by  hydronleters by means of Rniidsen's Tables. 

For piirposes of comparison we al80 give some earlier stations i n  the  East  

Greenland Polar Ciirrent from the  region just soiith of t he  Belgicn stations, viz. 
two statioiis from the  NBTHORST Expeditioii of 1899 [ÅI~ERBLO~I 19041, two stations 

from IZYDER'S [l8951 expedilioii of 1891, and one station from AMDRUP'S [l9021 

expedition of 1900. They are a11 of thern north of 74 N. Lat. NATHOR~T'S 

Stat. I X  i s  i n  a siibmariiie fjord betweeri the  outer islands (l), while his Sta- 

tioii VI1 (see tlie soiindiilg of 287 metres iii Pl. I), alid RYDER'S Stat. X111 (south 

of it) are near the  edgc of the contineiital shelf. RYDER'S Stat. X11 and AMDRUP'S 

Stat. I11 are in cleep water oiitside the  continental slope, and evidently near tlie oiit- 

slrirts of the  Polar Ciirrent. Tlie same mairi fentures are recognizable in a11 of these 

series of ohserratioiis. At  the  stations iiear land, and far within t he  edge of the  

coiltinental shelf, the  Belgica Stat. 36 a and NATHORST'S Stat. I-Y, the  cold Polar 

water-layers, with temperatiires helo-cv O 0  C. @ut with comparatively low density), 

are cleeper thnn in t he  North Polar Basin, their lower bonndary being somemhere 

bet~veeii 250 and 300 metres, while a t  the  stations orer the  deep sea, outside the  

contineiital slope the  cold Polar Iayers are not so deep as in the North Polar Basiii. 

Tlieir lower boiindary heing raised to  about 116 metres a t  RYDER'S Stat. XII ,  and 

even to  about 90 metres a t  AMDRUP'S Stat. 111. 

At  stations over tlie continental slope, Belgicn Stat. 29 a, & 28, where the  

current rulis with great velocity, the  lower boandary of the cold Polar layer i s  also 

solnewliat Iiigher (near the levcl of I60 nietres) than in tlie Korth Polar Basin. 12ut 

a t  the  stations near the  edge of t he  contineiltal shelf-cf. especially NATHORST'S 

Stat. VII, and RYDER'S Stat. XIII-the depth is very nearly the  same, namely 

I~etweerr 170 end 190 metres(2). 

The vertical distribution of teinperature and salinity in the cold 

layer of Polar water exhibits exactly the same general features a t  al1 

stations in the East Greenland Polar Current as in the North Polar 

Basin, a t  the stations of the Fyam Expedition. 

The temperature, salinity, aiid density a t  the surface will naturally 

vary inuch with the season, owing to the heatiilg of the sea-surface, 

and the melting of snow and ice in the suinmer; but below 10 or 

15 metres the seasonal changes are very slight. 

(1) By an  error 396 metres appears i n  our Pl. I a t  this Station instead of 305. 
(2) We do not here take into account the  great vertical oscillatory move- 

meiits of these strata, \vhich, accordiiip to  our view, probably occur along t h e  edge 
of t he  continental slope (cf. above). These oscillatjons make i t  diffictilt to detoimine 
the  roa1 thiclrness of the stinta, unless t he  observ:ttions be repeated at intervals for 
some leiigtli of time. I 

36 
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Temperature (O C.), Snlin- 

Depth. 

Metres. 

300 

liottom in metres 

Frain. Al Bel- 
June 25, 

Mean July  27, July 22, 
1894. 1905. 1906. 
16. of a11 36 a. 30. 

81 41 ' N. 76' 37' N. 7G0 39'  N. 
1210 301 E. Rt'ations. i s0  22 '  W. 120  001 W. 

~p 

(1) TIiese tenipeiatlires talren bg Dr. BI,ESSING [cf. NANSEN, 19021 with a Negretti JiZambra 
Reversing Thermometer, are evidently a little too  lo^, as it is not probahle tha t  the  water was 
cooled below i t s  P~.eezing-point. The freeeing-poiiit for water mith the  above salinities is  
- 1.76 O C. for 32.18 O/oo, - 1 81 O C. for 33.32 O/oo, - 1'836 O C. for 33'70 O/oo, and - 1.866 O C. for  
34.03 O/oo (if coinputed from bi. I~NUDSEN'S cleterniiiiations [1903, p. 131). As the  freezing-point 
i s  lowered by pressure, the above tempera,tiires shoiilcl have beeii somewhat lower i f  t he  water 
was cooled to  i t s  freeziiig poiiit in sitr~. At 20 metres we slioiild tlien have fou~id  a temperatiire 
of about - 1.77 O C., a t  40 metres - 1.84 O C., a t  60 metres - 1.88 * C. 

(2) There must be some error either iu temperatare or salinity a t  this depth. The 
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i l y  ( 0 / ~ ~ ) ,  an«! Deltsify (at). 

l 

/ freeeing-point of sea-water witli a salinitg of 32.76 O/oo shoiild be - 1.783 C. (comliiitrd froin 
M. I<NUDSEN'S deterrniiiatioils [1903, p. 131) aiid exposed to t he  prassrire a t  50 metres, i t  wo~ild 1 be aboiit -- 1.82 O C. i f  the  sa1init.y of 32.76 ' / o 0  be coireel, the  above lemperstiire niny I i w u  

! been a mistake for - 1.79 O C. The teinperature of -- 1.89 O C. is  the  freezing-poiut for water 
i of 34 '100 snliiiity (:it a pressiire of 50 inetres of water) wliich coiild not occur a t  tha t  depth, 
/ consideriug tliat the  saliiiity a t  100 metres mas 33.26 O/oo. 
t (3) I~YDER'S low teml~eratnrrs are eviclently iipori the whole somrwhat (perhaps 0.1 or l 
i 0'2 O C.) toa low [cf. NANSEN, 1906, p. 711. The probable saliiiity a t  this deptli, of between 

l 
33 and 34 O/oo, would harclly g i re  a teniperatiire niuuh below - 1'8 O C .  

l 
i 

l 

! 
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As may be expected, the temperatures and salinities of the North 

Polar water are upon the whole increased in the passage of the water 

southwards from the North Polar Basin along the east coast of Green- 

land (cf. our table above). The density of the upperinost strata is 

also increased. The rise of temperature is partly due to the heating 

of the sea-surface during the summer, but in the deeper strata i t  i$ 

chiefly due to intermixture with the underlying warmer water-strata, 

which also causes the increase of salinity. On the other hand the 

coast-water (river-water and nielting glaciers) from Greeiilalld has a 

tendency to decrease the salinity, raise the temperature, and decrease 

the density of the upper stbata on the inner side of the Polar @ur- 

rent, near the Greeiiland coast. 

The observations a t  all stations in the East Greenlaild Polar 

Current as well as in the North Polar Basiri, exhibit a fall of the 

temperature from the surface-strata to the above-inentioned (p. 262) 

minimum, which is, a,s a rule, a t  a depth of abont 50 metres or per- 

haps 60 metres (cf. the means of a,ll the F~anz  stations; the Belgica 

Stats. 36 a & 30;  NATHORST'S Xtat. IX, RYDER'S Stat. XIII). 

But a t  the stations on the left side of the current the level of 

the ininiinuin is soinewhat iaised. At AMURUP'S Stat. 111 the inini- 

mum temperature occurs, for instance, a t  20 and 40 inetres. At the 

Belgica Stat. 29 a the lowest tempera,ture -1.32' C. occurs a t  20 and 

50 metres; but as this is exceptionally high for 60 metres, i t  is prob- 

able that  there has been soine adinixture of warmer water at  this level, 

this being perhaps also indicated by the comparatively high salinity 

(34.08 O/oo). The miililnum (- 1.1 " C.) a t  RYDER'S Stat. X11 was a t  

depths between 36 and 55 inetres. 

The leve1 of the minimum was coiiseqnently raised a t  the sta- 

tions where the level of the lower boundary of the cold Polar layer 

was als0 higher(l). This is what we rnight expect, as all strata of 

the Polar Current are raised and become thinner on the outer (left 

hand) side of the c~~r re i i t ,  owing to the deflective effect of the Earth's 

rotation. 
-p- .- 

(l) The NATIIORST Station V I 1  is  ai1 exceptiou as the lowest temperature 
- 1.48' C. was a t  100 metres. But there has evidently beeii an arlmixtiire of 
warmei aiid salter water to the Polar water a t  this station and this ad~uixt~ure mny 
h a m  been more effective i11 the  upper strata the11 at 100 metres. 
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The Azternzediate Warm Water-Layel* underlying the Coid Polar Water. 

This intermediate warmer water-layer is of Atlantic origin, and 

lies betweeil the top-layer of cold Polar water and the floor of cold 

Bottoin-water. I t  is a very characteristic feature of the conditions in 

the whole region of the East Greenland Polar Cument. The layer 

was first discovered by Capt. XYDER in 1891, and has since been 

fonnd by the NATROBST expedition in 1890 [ÅKEI~BLOM 19041, by AM- 

DRUP in 1900, and by OSTERGXEN (the Fritlzjqf 1900). The observa- 

tions talcen in this ciirrent during these expeditions were of a some- 

what accidental nature; but during the Belgica expedition a niimber 

of very accurate observations were taken which give more complete 

information about the iiitermediate warm water-layer, showing that  i t  

has a greater thicbness and extent than might be indicated by pre- 

vious observations. The Belgica observations als0 prove clearly the 

correctness of Nansen's view [1902; 1906, p. 74 et seq.] that  the inter- 

mediate warm water occurring in latitudes between 74" and 77" N. 
comes from the north; and if these observations could have been 

introduced iato the charts for 100, 300, and 400 metres in Pl .  XIII, 

there woiild have been more room between the isotherm of O" C. 

and the Greeiiland continental shelf between 74" and 77 " N. Lat. 

[Cf. HELLAND-HANSEN and I(OEFOED, 1909]. 
The temperatures aiid salinities ohsei~vcd in t he  intermediate wariil water layer 

in different latitiides :ire iii perfect accordaiice witli tlie view that  it is  inoviiig frotli 

tlie iiortli so~i th~vards  along the  Greeiilaiicl contiiieiital slope, as both tlie tempcrnturc 

niid saliiiity decrease \vitli the  latitude, as is  proved hy the  follomiiig Table (p. 278). 

The salinities of the B'ritltjof Station I1 have been reduced by 0'10 '/o0 [cf. 

NANSEN, 1906, p. 63-64] 

Tliere can be iio doubt tha t  t he  iiitermediate \varm mater comes chiefly from 

tlie region of the Belgica Stats. 23, i~iid 26, and flo~vs soutlivards, covered by the  

cold water of tlie Eas t  Greeiiland Polar Currcrit, whicli causes it to  siilk deeper. By 
intermixtiire witli the  overlying colder water, it.; temperatiire and saliiiity, oil the  

whole, decrease soiith~vards. I t s  saliiiity, for iiistance, is decidedly lower a t  the  Bel -  
gica Stats. 48, aiid 40 (at  from 200 to  400 metres), between Greeiiland aiid J a n  Mayeii, 

thaii a t  the  Belgica stetioiis farther riorth. The temperatures were also, on the  

\vliole, lomer thaii faither iiorth; bnt a t  Stat. 48, a temperature of 1'63" C. was 

observed, a t  200 metres, wliich i s  higher thaii any teii~pcratiires found a t  Stats. 26 

aiid 28, b ~ i t  not liigher tliaii those a t  Stat. 22 (2'07 :md 1'62 C. a t  50 and 100 

metres). It is iiot to 11e expected, however, tha t  the observations e t  eny of the  



' Fram Belgica Frithjof 1 Michael Sars 
Depth 

23 23 1 26 25 45 49 11 18 18 
' 

in 84O 30' N. 77 25' N. 76' 29' N. 75' 55' N. 71 23' N. 71 20' N. 72 10' N. 69' 9' N. 66O 55' N. 
Metres 75' E. 4' 3' W. 4' 64' W. 9' 0' W. 18' 58' W. 17' 25' W. 10'  67' W. 12' 0' W. 8' 48' W. 

I 
VI1 29, 95 ;, VI1 17, O6 VI1 20, 05 VI11 15, O8 VI11 16, 05 VI1 26, O0 ,l VI11 6, O0 IX 1, 03 I VI1 21, 05 1 .-P 

Il l l l l l I Il Il l 
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statioiis have liappened to be talren in t he  i va ri nest part  of the  intermediate warm 

\vater. , Jus t  as the  above meiitioned temperatrire of 1'53 C ,  a t  Stat. 48, is miich 

higher thnn the  higliest tenlperatnre (1'08O C.) observed a t  Stat. 49, of the  same sec- 

tion, so i t  is  probable tha t  there Iias beeii mnch warmer water i n  this ciirrent i n  

obont 76' N Lat., than is  shown hy the  observations a t  Stats. 26 aud 28. We may 

tlierefore asstime tliat the n7:~rm water a t  200 metres a t  Stat. 48 (with 1'66O C. and 

34'86 Oloo) has come from the  iiorth, like t he  iliterniedinte w:wm mater a t  Stat. 49. 

At the  Fritl~jof Stat. I1 and the  &ichael Sars Stat. 18, the temperatures of 

t he  intermediate layer are still lower, biit the  salinities are coiisidorably higher (1) tliaii 

a t  Stat. 48 and 49. I t  is  possible tliat this higher saliiiity is  due to  water comiiig 

in from the  east, north or south of J a n  Mayen; but  the comparatively low temper- 

atures iiicline us to  believe tha t  the  water has come from the  north. At the  Belgica 
Stat. 50 ai1 observation was takeii in the  intermediate v a r m  water-layer, a t  200 

metres (cf. Fig. 96, p. 290) which gives ralues just between those a t  the Belgica stittions 

to  the  mest and the  iVIichael Sars Stats. 19, 20, 18, and the  Fvifhjof Stat. I1 farther 

east, as the  followiiig Table sliows: 

T348 B 4 9  B 6 0  F I I  M S 1 9  M S 2 0  M S 1 8  M 8 1 3  

200 metres 1'63 1'08 1'00 0.80 0.26 0'25 0'63 0'21 

34'86 34'86 34'91 34'96 34'89 34'89 34'94 34'90 

I t  is  liardly possible tliat the  warm intermediate water a t  these Belgica sta- 

tions can have come from tiie east. Tlie water found a t  200 liletres :~t Stats. 

lv S 19 and 1Vf 8 20 is not quite comparable with the  water a t  the  same leve1 a t  

tho other statioiis, because the  si~rface-layers :we evideutly on the wliole somen7h:~t 

depressed iiear J an  Mayeii, and beconle thicker there, this being also groved by the  

A R I D R I J ~ ~  Stat. I1 west ot Jail Magen, where exactly the  same teiiiperature and saliiiity 

(0.3 C., 34'89 O/oo) were obtaiiied for 200 metres [cf. NANSEN, 1906, Pl. 1x1. The 

salinity of 34'89 O/oo therefore, beloiigs to a water-stratum which a t  other stations 

lies somewhat higher. 

,4t the  iliCichael Sars Stat. 13, of September 1, 1903 (see Fig. 99) me have 

proljably a remuant of the  ilitermediate warm layer uliderlying the  Polar water to  

the iiorth-west. 

The similarity between the teinperatures and salinities a t  the 

various depths a t  the Fmnz Stations (e. g. St>at. 23) and the Belgica 

Stat. 28 (which is typical for the East Greeiiland Polar Ciirrent, see 

above) is striking, and there is a possibility of the intermediate warm 

l y e r  a t  the latter station haviilg to a great extent coine from the 

North Polar Baain. W e  do not, however, consider this probable; we 

think rather that  the interinediate warm layers a t  the Fi-ant Stations 

( l )  The determinations of the salinity of the  water a t  the Fritlljqf stat.ioiis 
are soniewhat uncertniu. The valiies given in the  table abore, have been obtaiiied 
by reduciiig t he  origiiinl valires given b y  P I ~ ~ T l 3 ~ s s o ~  :tiid (~STERORICN [l9011 by 

0.10 0/00, 
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in the North Polar Basin and the Belgica Station in the East Green- 

land Polar Current, have the same origin, both coming froin the 

Spitsbergen Atlantic Cui-rent, which sends out one branch westwards, 

which sinl~s under the Greenland Polar Current, and another branch 

into the North Polar Basin, this branch sinliing under the Polar sur- 

face-layer (cf. Fig. 93). This gives a natural explanation of the fact that  the 

intermediate warm layer has such very similar chaiacters in such widely 

separated regions, as the F~.anz Stat. 23 and the Belgica Stat. 28 ; 

they are neither of thein very far  from tlie cominoii source, the warm 

current west of Spitsbergen [cf. HELLAND-HANSEN and KOEFOED, 19091. 

Down to a depth of abont 300 inetres there is a good agreemeilt 

between the saliiiities obtained by the B a n z  deteiminations and those 

of the Belgica. But below this depth the salinities of the Franz become 

markedly higher. The cause inay be that  the intermediate strata a t  

the Belqiia stations come from the western part of the Spitsbergen 

Atlantic Ciirreilt, which has got a lower saliiiity by intermixture with 

"central waters" or Arctic water, while the less intermixed central 

part of this current runs into the North Polar Basin. 
That the iilterme(1iate warm layer iinclerlying the cold watci of the East 

Greeillaiid Polar Carrent, chiefly coiiies froin tlie Spitsbe~geii Ciirretit is proved not 

only by the observations a t  the Belgicn Stal. 23, Init d s o  by observat,ioii~ talreil in 

other years a t  three stations i11 the same region, viz. the NATHORST Stal. li, Jnly 

28, 1898, in 77' 62' N. Lat., 3 O 6' TV. Long., the NATHO~~ST Stat. O, Jiily 29, 1898, 

i11 78" 13' N. Lat., 2 " 68' W. Long. [cf. HA~IBERG, 190G], and the F?ith,jof Stat. I, 
July 8, 1900, in 77 11' N. Lat., 0 " 66' W. Long. 

The values of salinity liave been rediiced by O ' l O O / o o  a t  Stats. Nath. iv and 

F f, and hy 0'08 '/o0 a t  Stat. Nath. 0, according to the eirors in the salitiity of the 

bottom-mater a t  these ststioiis. 

Tlie similarity of the Tvartii waters a t  interinediate deptha, 60 to 300 and 500 

metres a t  these stations, is strilring, and makes i t  Iiighly probahle that jiist in this 

region there is a contiriuoua itiflo~v of warm water from the north east, i . e .  from the 

Spitsbergen Atlantic Curretit. 
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South and south-south-east of this region is  the central area of the cyclonic 

movemeiit of the northern Norwegian Sea, where the colrl bottom-water is formed, 

and where there is no intermediate warm water-layer, as was proved by the AMUNDSEN 
Stations 13 to 23, (and also by the I~YDER Stations IX and X) described by Nansen [1906]. 

Fig. 93 demonstrates the southward course of both the inter- 

mediate warm water and the Polar water. The charts are soinewhat 

different from those of Pl. XI I I ,  because the observations of the Bel- 
gica expedition of 1905, as als0 the NATHORST Expedition of 1898, 

could be utilised. 

The Vertical Distributiow of Temperature ulzd Salinity i.rz the Regiolz 

of the East Greedand Polar Current. 

It is remarkable horn very similar the verticai d'istributiolz of 

temperature is in all regions of the Polar Current from the North 

Polar Basin and as far  south as between Iceland and Jan  Mayen, or 

even north-east of Iceland. And this similarity is striking, not only 

in the top layer of real Polar water, but also in the underlying 

wariner water. 
Iii Fig. 92 we have drawn the vertical temperature curves for the Fram 

Stat. 23 (July 20-31, 1895), the Belgica Stats. 28 (July 21, 1906, 75 O 65' N. Lat., 

9 0' W. Long.), 30 (July 22, 1906, 76' 39' N. Lat., 12O 0' W. Long.) and 4!1 (Aiig. 

16, 1906, 71° 20' N. Lat., 17' 26' W. Long.), and finally the Michael Sars Stat. 18 
(Aug. 6, 1900, 69' 9' N. Lat., 12' 0' W. Long.) and Stat. 13 (Sept. 1, 1903, 66 66' 

N. Lat., 8' 48' W. Long.) 

The similarity of the curves of these several statious 80 far apart is striking. 

In  the upper strata, bett\veeii the surface and 100 metres, the curve of the Fram 
Stat. 23 shows lower temperatures thtm any of the other ciirves from stations 

farther south, as migbt be expected. But below 100 metres the curve of the Belgica 
Stat. 30 shows lower temperatures than the Pram curve, while the curve of the 

Belgica Stat. 28 shows higher temperatures. The Fram curve lies between the two 
Belgica curves, a circumstance which is iii accordance with what was said above, 

the crirve of Stat. 28 being from the current outside the continental slope, while 

Stat. 30 was withiii the edge of the continental shelf. 

Down to a depth of about 800 metres there is a strikiug similarity between 

the curves of the Fram Stat. 23 and the Belgica Stat. 28, the main difference only 
being that the under side of the cold top layer was about 26 metres higher at  the 

Belgica Station than a t  the Frawb Station. Below 800 metres, the Belgica curve 
iiidicates lower temperatures than the Fram ciirve, which is in accordance with 

the fact that the bottom-water is colder in  the Norwegian Sea than in the North 

Polar Basin, as was proved by Nansen [1902; 19061. 

The curve of the Belgica Stat. 49, in the Polar Current between Greenland 

and Jan Mayen, is very like the curve of the Belgica Stat. 28, four degrees and a 
36 
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half farther to the north. In the upper part, above 

150 metres, the t n ~ o  curves are nearly indentical; 

but below that level the southern curve (Stat. 49) 

shows lower temperatures than the northern 

(Stat. 28). 

The ARichael Sars Stat. 18 was bctmeeil 

Jan Mayen and Iceland, and m7as not really i11 

the Polar Current. The curve of this station 

shows that the top layer of cold Polar water has 

become warmer than at  any of the above-men- 

tioned stations farther north. I t  is covered by 

a surface-layer of warmer mater aboiit 25 metres 

thick; but its lo~ver bounclary (the isotherm of 

O O C.) is very nearlg at  the 'same level as at  the 

Belgica Stats. 49 and 28. The tinderlying warmer 

water is still colder than the Belgica Stat. 49 

(except at 600 m.), but tipoa the ~vhole the ciirve 

sho~vs a great similarity to tliat of the last-named 

station. The curve of the JIichael Snrs Stat. 13, 

north-east, of Iceland, has st,ill the characteristic 

featiires of the above curves ; bnt the Polar water 

has become still marmer and is covered by a 

thicker layer of warmer water. Its lower bonndary 

is deeper, however, and the unclerlyiiig  vater con- 

siderably colder than at  Stat. 18. 

Tlze verticnl distribution o f  salinity 

and density in the Polar water and under- 

lying warmer water also shows a great 

similarity in the different Latitudes of 

the East Greenland Polar Current as 

also in the North Polar Basin. The 

sinlilarity in the salinity and density is seen 

from the above table (pp. 274-275, 278). 

The deterininations of the saliriities of 

Stations from different not sufficiently accurate to show the 
Parts, of Polar Ciirrent,. details of this siinilarity; but the great 

featiires are clear. W e  shall not enter into further particulars 

on this point. 
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Course alzd Extent of tlze Bust Greenland Polar G~rrent. 

Accordiiig to what has beeri said above, the main body of the 

East Greenland Polar Current runs southwards along the edge of the 

continental shelf off the east coast of northern Greenlaild, and water 

from this current covers the shelf. The 32.0-isohaline, a t  the sea- 

wegian Sea in  the  Suinrner, according to Observations made iii differeiit Years. 
Tlie lighter sliacling indicatetes salinity from 34'90 to 36'00 O/oo, darker shading 

above 36'00 O/oo. 
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surface, forrns a sharply defined boundary-line of the Polar Current. 

As has been pointed out by HELLAND-HANSEN and KOEBOED [1909], 

i t  follows very nearly the continental slope or approxiinately the 1500- 

metres' contour. The Belgica surface-observations prove that  this 

boundary-line was, in July, sharply defined even between the melting 

ice-floes; for as soon as the ship, sailing through the ice, caine west 

of the boundary of the Polar Current, i. e. approached the continental 

slope, the salinity sank suddenly below 32.0 O l o o .  

A part of the Polar water transported by the current is carried 

eastwards in the sea north of J an  Mayen-probably as a rule in about 

72" and 73 O N. Lat. (cf. Figs. 93, and 108)-and joins the great cyclonic 

circulation in the Northern Norwegian Sea (the Greenland Sea). W e  

propose to ca11 tliis branch the Jan Mayen Polar Current. 
Unfortunately no stations were ever taken in the sea north of Jan Mayen 

between this island and AMUNDSEN'S Stations 13-23 (see Pl. XIII). We know 

consequently very little ahont this branch of the Polar Ciirrent and about the condi- 

tions in this part of the sea; but jiidging from the temperatures observed, i t  was 

probably Pobr mater coming this way, which occnrred at  MOHN'S stat ion^ 300 (from 

18 to 183 metres), 298 (from 66 to 183 metres), and 297 (from 66 to 183 inetres) 

and a t  RYDER'S Station VI11 (from 18 to 166 metres) [cf. NANSEN, 1906, Pl. VIII; 

see also our Fig. 961. The positions of these stations may be seeu in Pl. XIII (Fig. 1, 

Rtations). The minimum temperature was a t  Stat. 300, - 1.6 C. in 73 metres, a t  

IIYDER'S Stat. VI11 - 1'7' C. between 66 and 90 metres, a t  Stat. 298 - 1.2' in 

91 metres, and at  Stat. 297 - 0'8' C. between 91 and 128 metres. At all tliese 

stations the layer of cold Polar water mas resting upon an intermediate layer of 

warmer water (with temperatures above 0 C.) similar to that underlying the East 

Greenland Polar Cnrrent. 

W e  know very little about the coiirse of the Polar current in 

the sea between Jan Mayen, Greenland, and Iceland, as very few sta- 

tions have been taken in this region. The three Belgica Stations 48, 

49, and 50 (Fig. 94) between Greenland and Jan  Mayen (see the sound- 

ings of 1130, 1650, and 1525 inetree, in Pl.  I), are evidently outside 

the rnain body of the Polar Current, which runs nearer the edge 

of the continental shelf. 
The isopylrnals in a section throngh these three stations (Fig. 96) hare hardly 

&ny inclination and they seem to indicate that there has been very little movement 

in the water, or there has at  ang rate been very little difference between the velo- 

cities of the rnovement near the siirface and in the deeper strata. But during the 
NATHORST Expedition in 1899, a station (NXI in Pl. XIII) was taken (on July 

27th, 1899) on the continental shelf (near the locality of 266 metres in Pl. I) just 
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inside the locality of the Belgica Stat. 48. I f  this station be introduced i n  the sec- 

tion (see Fig. 96), the isopglcnals, and other equilines, exhibit very steep inclinations 

between that station and Stat. 48 (cf. Pl. XXV, Sect. II), indicating that there is 

probably a very rapicl southward current along the edge of the continental shelf 

like that which we found farther north. 

W e  may consequentlg conclude that  also in this region the maiii 

body of the Polar Cnrrent is confined to the edge of the continental 

shelf and the upper part of the continental slope off the Greenland 

coast; but the top layer of Polar water extends over the greater part 

of the sea between Greenland and J a n  Mayen (see Fig. 96, and Pl. 

XXV, Sect. 11), being comparatively thin a t  the Belgica Stations 48-50, 

east of the main body of the current. 

The isotherm of O 0  C. a t  these stations mas probably a t  a depth of about 

130 or 160 metres. At our Station 19 (Aug. 7th, 1900) i t  may liave been sotnemhat 

deeper, and at  AMDRUP'S Stat. 11, just west of Jan Mayen (Julie 29th, 1900) the 

layer of Polar water was still deeper, having a minimum of - 1'7 O C. a t  G0 and 80 

metres, aud O 0  C. a t  about 215 metres [cf. NANSEN, 1906, Pl. 1x1. Shere may 

have been a northward movement of the water a t  the two last-iiamed stations, west 

of Jan Mayen, which Bss piessed the surface water against the coast (on the right 

hand side of the movement) by the deflective force due to the Eerth's rotation; and 

in this manner the surface-layer of Polar water may have become deeper near the 

island. 

The observations are much too few (end taken i11 different years) to give any 

certain information about the movements of the water in this region, but \ve thinlr 

that there may be sonle kiiid of cyclonic vortex-movements in the Iceland Sea 

between Greenlaud, Jan Mayen, aud Iceland, by which the Polar mater is spread 

out over the whole area. But we shall not attempt to go into the details of this 

movement. 

Our numerous observations a t  the several Stations 19-24 (Aug. 7, 
1900), just south-west of J a n  Mayen (see PI. 111), and also a t  Sta- 

tions 25 and 29 east of J a n  Mayen, prove that the inovements of the 

waters in the sea near this island must be very cornplex; the water 

of the Polar Current meets with the warmer water of the great cyclonic 

vortex-movement of the southern Norwegian Sea, and very hetero- 

geneous mixtures of warm and cola waters result therefrom. At sta- 

tions only a few miles apart, the conditions were entirely different, 

e. g. at Stat. 20 nothing but positive temperatures were observed 

between O and 300 metres, while a t  the stations on both sides and 

only some few miles distant, the typical teinperatures of the Polar 

water were observed. W e  consider i t  possible that there is, to  some 



extent, an anticyclonic movement round the Jan  Mayen Bank (cf. Figs. 93, 

Surface; and 108). 
As to the coiirse of tlie Polar Carrent along the Greenland coast, hctween the 

above-mentioned regioii aiid Denmark Strait, we know harrlly aiiythiilg. Two stations 

with vertical series of temperatnres were talren by RYDER in August, 1892, in this 

region, Stat. XXVI in 69O 18' N. I~nt., aiid 23 37' W. Long., and Slat. XXVII in 

69' 36' N. Lat., and 19O 43' W. Long. Both were on the continental shelf, the 

first close to land in 176 metres of vater,  and tlie secoiid, with a deptli of 329 metres 

(see 1'1. I), probably near the edge of the slielf. Eotli series give the vertici~l distribiition 

of teinperatilre thnt is typical for the Polar water, biit t,he tenipcrntures are com- 

paratively liigh, especially iii the series iiear land, the minimum a t  about 90 nictres 

beiiig only - 1'4" C. This may, a t  that place, be due to tlie admixt~ire of Greeii- 

land coast water, which has for iiistaiice raised the tekuperature to 0.4 O C. a t  9 metres, 

mhile a t  18 metres i t  is - 0'8O C. 

At Stat. XXVII, the following observatioils were takeii: 

The isotherm of 0"  C. has conseqilently been a t  about 190 iuetrcs a t  this sta- 

tioii, which is approximately the medium thiclriiess of tlie Polar watcxr i11 tlie North 

Polar Easin, or somelvhat less than its thiclrne3s a t  the stntioiis \vitli similar deptlis, 

n e x  the edge of the shelf, given in the tahle on pp. 274-276. 

It seems probable that  the Polar Current is cliecked in its south- 

ward course along the Greenland continental shelf by the Iceland- 

Greenland S~ibnia~ine  Ridge and by the Irininger Current trying to 

run northwards over the saine ridge. Tlic case is similar to that of 

the Atlantic current being checked ill its north-eastward course by the 

Wyville Thomson Ridge and the Færoe-Iceland HZidge over which i t  

ineets the East Iceland Arctic Ciirrent. A sea-ciirrent running along 

a continental slope over deeper water, meets with inoie resistance near 

a submarine ridge and as only a part of the watei--masses carried by 

the current can pass across thd riage, the rest of the water iniist 

broadeii out and be deflected towards the left aloiig the ridge, as is 

the case awith the Atlaiitic Current (see above, Fig. 39). This is also 

the case with the East areenland Polar Current. Only a part of i t  

can cross the Iceland Greenland Ridge near the Greenland side, the 

rest of the water-masses conveyed by the current are deflected eastwards 

and form to some extent a cyclonic vortex-moveinent in the Icelaiid 

Sea (between Iceland, Jan Mayen, and Greenland, s2e above p. 285), 



NO. 21 THE NORWEGIAN SEA 287 

while a great volume of Arctic water runs towards the south-east along 

the continental slope off the north-east coast of Iceland (see Fig. 39, 

and Pl .  XII I ) ,  where they form the East Iceland Arctic Current, just as 

the Atlantic Current forms the westward current along the south coast 

of Iceland, and the Irminger Curreiit, the greater part of which is 

deflected ~vestwards along the Iceland Greenland Ridge, and then 

south-westwards. 

4. Tho East Pcelai~d Arctic Current. 

The usual designation Polar for this Current is misleading, as it 
is only to a limited extent composed of Polar water. The main body 

of the current is composed of waters forined by the intermixture of 

originally Atlantic water with Polar and Arctic ?vater and with 

Iceland coast water. 

What  we ca11 A~c t i c  water is forined iil the Norwegian Sea, (Green- 

laacl Sea and Iceland Sea), and is an  interinixture of originally Atlantic 

water with originally Polar water, and als0 with water which has been 

cooled during the winter in the Norwegian Sea, and which, during the 

suminer, inay have been diluted by the water of the melting ice. Arctic 

water forms more or less the central waters, and we find Arctic 

water in the eastern boundary-areas of the East Greenland Polar 

Current; i t  is also a siinilar kind of water which forms the inter- 

inecliate warmei Iayer underlying this current. The Arctic water has 

ternperatures between 0" and 2" C. and salinities from 34% to 34.9 O / o o .  

Most of the originally Atlantic water forming the Iceland Current 

is carried into the Norwegian Sea by the Norwegian Atlantic Current, 

but a smaller amonnt of Atlantic water also comes fyom the small 

branch of the Irminger Current running north-eastwards across the 

Iceland-Greenland Ridge (cf. Pl. XIV B, Fig. 2, a t  Stat. 14), and following 

the north coast of Iceland. It is evidently water from this current 

which is seen in the Danish section, Fig. 97, north of Iceland (see 

Fig. 94), a t  Stat. 73, having salinities above 34.9 O/OO and even above 

35.0 O / u o .  It is obviously exactly the same hind of water which is 

seeil a t  oiir Stat. 14 of Aug. 4, 1900 (Pl. XIV B, Fig. 2). Remnants 

of this same kind of Atlantic water are probably seen in Section V, 

Fig. 99, ta l~en  seawards from the north-east coast of Iceland. The 
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salinity is here still above 34.9 O/oo at  the 

Stations Da. 99, Da. 100, ancl Da. 101 

[cf. J: N. NIELSEN, 19051. I n  our Section 

IV (Fig. 98), from Iceland to Jan Mayen 

of August, 1900 (Pl. XIV B, Fig. l), there 

is no indication of this Atlantic water; 

but the reason may possibly be that the 

distance between Stations 15 and 1.7 is 

too great, and if there had been stations 

in between, water of this Icind would 

possibly have been found. 

The sections in Figs. 95-100 and 

the charts in Pl. X111 give a clear 

representation of the connection between 

the East Greenland Polar Current and 

the Ea.st Iceland Arctic Current, and 

demonstrate the origin of the waters of 

Fig. 94. Ciiart showiiig Lines of the latter current. The chart, Fig. 94, 
Sections in Figs. 95-102. shows the positions of the sections. 

Scale 1 : 18,000,000. 
The sections hacl to some extent to be 

constructed by means of observatioiis takeii in  

different years (1900, 1903, 1904, 1906, aiid one Station in  1899), chiefly in the 

month of August. Some few Stations (Da. 73-Da,. 77, Fig. 97 and Na. XI, Fig. 96) 

were takeii in the latter part of the month of Jiily, a,nd a few (oar Stats. 46, 13, 

47, 18) in the first few days of September. The sections cannot therefore on the 

whole be considered as trustworthy represeiitations of the conditions in  aiiy special 

year, but i t  may be assunied that theg represent approximately the main general 

features of the distribation of temperature, salinity, and density iiii the montli of 

August. The charts, in Pl. XIII, were constructed in a similar manner, by iising 

observations from different years, and trying to give the eqiiiliiies shapes that should 

represeiit2approxiinately the ayerage conditioiis in the several years, without any 

pretence to accuracy. The Belgica observations (in Figs. 96, 96) and the Danish 

observations (in Figs. 97,99. 101) were not knomn when these charts were constrncted. 

If they could have been introduced they woulil have somewhat altered the shape 

of the equilines in  the charts. I 

We have pointed out above that the south~vard movement of 

the Ea8st Greenland Polar Ciirrent is chiefly limited to the continental 

slope, wliile there is very little movement over the continental shelf, 

and that the layer of Polar water extending seawards from the con- 
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Fig. 96. Section through theBelgiic Stats. 36a-29a, and AMUNDSEN'S Stats. 23-16, 
to RYDER'S Stat. VIII. Horizontal Scale 1 : 6,000,000; Vertical Rcale 1 : 10,000. 

Single hatching indicates salinity between 34'90 and 36'00 O / o o .  

tinental slope e. g. between Greenland and Jan  Mayen evidently also 

moves very slowly and probably forms vortex-movements (cf. p. 285). 
I n  the East Iceland Arctic Current the conditions are altogether similar, 

the chief movement being limited to the slope on the right side of the 

current (i. e. off Iceland and the Eæroe-Iceland Ridge). 
Fig. 98 (see also Pl. XIVB, Fig. 1) is a section between Iceland and Jan Mayen 

throixgh statioiis talren during o11r cruise in August, 1900 (cf. Pl. 111). There is a 

37 



Fig. 96. Sectioiis from Greenland to Jan Mayeii through Fig. 97. Sectioii throngh the Danish 
NATHORST'S Stat. XI,  the Belgica Stats. 48-50, and Stats. 73-77, north of Ice- 
the Michael Sam Stats. 19-24 (Scales and hatching land (Scales and hatching 

same as in Fig. 95). same as in  Fig. 95). 

Fig. 98. Section from Iceland to Jan YIayen through our Stats. 15-20 (Scales aiid 
hatching same as in Fig. 95). 
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Fig. 99. Section north-eastwarcis from Icelaiid (cf. Fig. 94, unbroken line) through 
Daiiish Stats. 99-101 (of Aug~ist, 1904) ancl the Michael Snrs Stats. 

46-18 (of September, 1903) (Scales same as iii Fig. 96. 

striking resemblaiice between this section and the section between Greenland and Jail 

Mayen (Fig. 96). The sea is covered by a similar top layer of cold water vitl i  sali- 

nities below 34'9 O / o o .  Brit the temperatures, especially near the surface, and near 

Iceland, are considerably higher than in the Sectiori I1 throngh the Belgica Stations 

(Fig. 96) and so are the srirface-salinities. I t  is evideiitly to some extent the same 

top layer; bilt a great deal of the cold surface layer of Polar water mith lom salinities 

iii Section 11, Fig. 96, follows the Greenland continental slope into the Iceland-Green- 

land Channel, and does not run out through oiir section between Iceland and Jali 

Mayen. The surface-laycr in the latter section has been lieated directly by the sun, 

and also by iiltermixture with wasmer aiid salter water, which has iiicreased the 

salinity as well. Near Iceland there is evidently also a considerable admixture of 

comparatively warm lceland coast-~vater.(l) 

The thickness of the Arctic or Polar top layer in our section (Fig. 98) is ahout 

200 metres north of Stat. 18; biit near Icelaiid i t  increases to aboiit 400 metres. 

Its temperature in  the northerii part is chiefly helom O O C., and shows the vertical 

distrihiition wliich is typical for the Polar water. Oiily near the surface there is a 

layer about 26 or 30 metres thick with temperatures above O 0  C.(2) At Stations 

(1) As mentioned above it is very prohable that near the Icelaud slope betweeii 
Stats. 16 aiid 17 there has been a volume of \varm water, with comparatively high 
salinities, coming from the Irminger Ciirrent (cf. Figs. 97, 99). 

(2) Stat. 20 is a remarkable exception, having only positive temperatures, as 
was mentioiled above. 
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Mil $03 Viil 40.3 \li1 &,O3 VI11 403 
B23 012 B11 J10 

15-17 iiear Icelaiid this is entirely 

different, as the warm top layer is 

much thiclrer, a t  Stat. 17 about 160 

metres, and near t~he edge of the con- 

tinental shelf probably more thau 260 

metres. The cold water is therefore 

dcpressed at  these stakions, by this 

overlying warm layer, to levels between 

160 and more than 400 metres at  St,at. 17, 

and on the continental slope even 

deeper.(l) The increase of the \varm 

top lager near Icelnnd is evidently to 

some extent due to the Icelaiid coast- 

water, which has raised the temperatures 

and decreased the ~a~linitirs, hnt it  is 

also due to the rapid eastward move- 

ment of the surface layers, which 

presses them towards the right, and 

malres tliem accnniiilate against the 

continental shelf, on the right hand 

side of the current. 

Tlie horizontal ccoiirse of the 
Fig. 100. Section across Pceroe-Iceland Ridge, isopyknals betweeii Stat. 17 and Stat. 

through Danish Stats. 13-10 A. 
20 (off Jan Mayen) in aur section, prove 

(Scales same as in Fig. 96.) 
that the surface layers cannot have 

been moving miich in relation to the underlying strata, uriless the movement has had 

exactly the same direction as the sectioii and no appreciable components at  right 

anyles to it. There is, howevei; no probability of m y  rapid movements along this 

direction, either from Jan Mayen to Iceland or iii the opposite direction. 

W e  may coiisequently conclude that the cold surface layer of 

Arctic or Polar water between Iceland and J a n  Mayen, as also between 

Greenland and Jan  Mayen, moves only very slowly in by far  the 

greater part of this sea-area. For lack of observations we can say 

nothing about the details of these slow moven-ients; but we consider 

i t  probable that  there may be a cyclonic vortex-movement (cf. Fig. 108) 

with many smaller vortices in this great area. 

The charts for 50 and 100 metres in Pl.  XI I I ,  demonstrate how 

this water with comparatively low temperatures and salinities extend 

(1) The isotherm of O O C .  in 1'1. XIVB, Fig. 1 ought probably at  Stat. 17  to have 
a shape more like Fig. 98, for the cold top layer with temperatures below O 0  C .  is 
probably ssparated froni the cold bottom-water by a warmer iutermediate layer with 
tempemtiires rtbove 0 C .  
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south-eastwards into the southern Norwegian Sea; but i t  moves very 

slowly in the greater part of the area which i t  covers in this region, 

and, as will be mentioned presently, is here to some extent near the 

central part of a cyclonic movement (cf. Fig. 99, Stat. 13). 

It is only along a narrow band near the continental slope that  

there is more movement in these top layers of Arctic water and Ice- 

land coast water. 

The steep inclination of the isopyknals (especially of 27.70--27.90) 

between Stats. 17 and 15  (Li'ig. 98) proves that there must have been arapid 

movement of the surface layers in a south-easterly direction (in relation 

to the underlying water) along the continental slope, and t,he main 

body of the East Iceland Current evidently passes through this part of 

the section. This is in perfect accordance with the results we arrived 

a t  farther to the south-east, where we found the greatest velocities of 

the current along a narrow band over the northern slope of the Færoe- 

Iceland Ridge, while farther seawards to the north-east there was 

evidently very little motion (see above, Fig. 39). 

T h e  "Tongue" o f  Arc t i c  W a t e r  along the Sloye o f  the P ~ r o e -  
Iceland Ridge .  

This tongue of water with salinity between 34.86 and 34.90 O/oo 

and low temperature is a remarkable feature in the circulation of the 

Norwegian Sea which is seen in all sections across the Færoe-Iceland 

Ridge or across the southern part of the Norwegian Sea a t  all seasons 

of the year (Pls. XIVA-XXIVB) and in all our charts for depths 

down to 300 and 400 metres. W e  observed this water for the first 

time a t  intermediate depths in our section from Norway to Iceland 

in July 1900 (Pl. XIVA,  Fig. 1) and by means of the later Norwegian 

and Danish researches we can now trace the course of this water from 

the continental slope off the east coast of Iceland along the slope of 

the Færoe-Iceland Ridge and off the Færoes, past the Færoe-Shetland 

Channel and thence towards the north-east and north, or even north- 

west. Many observations in the region of this tongue were taken 

especially in May, 1903 and 1904, and the charts in Pls. I X  and X11 (and 

also Pl. XIII),  demonstrate the course of this tongue very clearly. It 
is evident that i t  follows the cyclonic inovement of the southern Nor- 
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wegian Sea, and the last traces of its water disappears near the central 

area of this cyclone, evidently on account of intermixture with the 

surrounding waters. 
A study of these charts in  coniiectioii with those of other years aiid seasons 

will give much information about the extent and variations of this tongae. The 

chart for 200 metres of May-June, 1903 (Pl. IX), shows that i t  may son~et~imes exteiid 

so far towards the north-east as off Helgeland (cf. t.he sectioiis, Pl. X X I  A, Figs. 2 

aiid 3). It is remarkable liom this toiigue retains its peculiar shape along the roiite 

from between Iceland aud the Færoes to the sectioiis seawards from the Sognefjord 

(May 1901, February 1903, Mag 1903, August 1903, November 1903, May 1904), and 

seawards from Stad (Mny 1903 aiid 1904) aiid even seawards from Helgeland (May 1903). 

The sections Pigs. 96-100 give an idea of the origin of the water 

of this tongue. It evidently comes from the deeper layers of the East 

Iceland Arctic Current, and is Arctic water, of the kind which occurs 

near the continental slope of Iceland, in Figs. 98, 99. It is however 

strange that  hardly any trace of this water, with temperature between 

0" and 2" C., is seen i11 the May section, Fig. 191. This Arctic water 

is also very siinilar to that  which forms the intermediate warm layer, 

with teinperatures of 1.1 and 1.5" C. and salinity of 34.86 "/w, uncier- 

lying the cold Polar water a t  the Belgica Stats. 48 and 49 (Fig. 96). 
W e  consider i t  probable that  such Arctic water with the right density 

will always be formed by gradual intermixture in the sea between 

Iceland, Greenland, and Jan  Mayen, and to some extent also by the 

vertical convection cuirent created by the cooling of the surface during 

the winter. 
Oiir sectioii Fig. 1, Pl. XIV R, proves that i t  is a comparati.rrely small part of 

the water carried by the East Iceland Arctic Ciirrent, betweeii Stats. 15 and 17, that 

is what we might ca11 Polar mater. A t  Stat. 17 i t  occnrs oiily in the deeper strata 

(below 150 metres), and has comparatively high salinities and not very low tenipera- 

tures, proving that even this water has beeii miich intermixed with warmer and more 

saline wateis. In the sectioiis across the Færoe-Icelaiid Ridge, to the south-east, there 

is eveil still less of this cold Polar water (cf. 1'1. XIX, Fig. 6; 1'1s. S X 1  B, XXII, 

XXIVB). Farther seawnrds ( e .  g. at  Stats. 12-15, RIay 1901; Stats. 12-16, BIay 1902; 

Stats. 13-16, Rlay 1903; Stat. 13, Aug. 1903; Stats. 66, 66, 15-17A, May 1904) there 

is more of it, eveil mith temperatiires below - 1" C., but, as will he mexitioiied 

presently, i t  has evidently very little motion and is renewed only very slowly. 

Our sections (Pls. XX et seq.) seem to indicate that the "tongue" 

has ofteii a higher teniperature in the sections off the Norwegian coast 

than near the Fzroe-Iceland Ridge. The water forming the tongue 

is probably heated oil its way from Iceland towards the south-east. 
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This is easily seeii by noting the coarse of the isotherru of 2O C. in the sectioiis. 
In most sections across the Fzeroe-Icelaiid Ridge (Pls. XXI R, XXII, X'XIV K) the 

isotherm of 2' C. runs near the iippor boiiiidary of the toiigae, i. e. the greater part 

of its water has a temperatiire mixcli below 2 C. o? even below 1 C. Iii the sections 

near Iceland (1'1s. XIX, Fig. 6 ;  XXI B, Fig. 7 ,  XXII, Fig. 6 ;  XSIVB, Fig. 7 ;  see 

also Figs. 99 niid 100), the isotlieim of 2 C. is rluite close to the iqohaline of 34'9 '100, 

or evcn above this ciirve. Bnt in most sections to tlie south east the isotherm of 

2 C. is deeper below the isolialino of 34.9 "/on, especially i11 August, 1903, when the 

greater part of the tongae north of the F~croes liad temperatures above 2 C. (Pl. XXII, 

Fig. 4);  but eveii i11 May, 1904, the isotheini of 2OC. Tvas in  this locality riinniiig 

near the middle of the tongoe (Pl. XXIV B) The fact that tlie toiigue is warmer in 

tlie August(1) sectioiis thaii in  the May sections proves that the changes in the 

temperature of the tongae is cliiefly diie to the heating from abore, diiring its coiirse 

south eastwords, aiid this heating from above is especially appreciable cliiriiig the 

siimmer. 

In  ma~iy of oiir sectioiis sealvards from the Norwegian coast the temperature 

of the tongue is still higher than north of the Fzroes, aiid the isotherm of 2 C. 

very often runs aloiig the middle of the tongiie, see the S o g n d f o v d  section in  February, 

1903 (Pl. XX, Fig. l) ,  iii May, 1903 (Pl. S X I A ,  Eig. l ) ,  in August, 1903 (Pl. XXII, 

Fig. l) ,  and in May, 1904 (Pl. XXIVA, Fig. 1). Iii the Stad and Helgeland sections 
of Jurie 1903 (Pl. X S I  A) the tongae has becomo still more heated, and it lies rtboxre 

tlie isotherrn of 2 O C. haviiig temperat~ires ahoiit 2'5 O C., biit the tongue does not i11 

these sectioiis descencl deeper than 300 aiid 250 metres, its deeper part haviiig evideiltly 

been iiiterinixed with the siirroiinding water, so tliat the salinity has been iiicreased 

above 34.90 '/no. In tlie Stclcl section of June, 1904, the isotherm of 2 O C. passes tliroagh 

the toiigne (Pl. XXIV A, Fig. 2); but in the deepest part of it, a t  Stat. N 70, there 

is even a temperature of 3'13 C. The iiicrease of tlie ternperat~ire of the toiigiie 

towards the east is also distinctly seeil iii our charts for differeiit depths, especially 

for May, 1903, see also the isotherm of 1 C. and 2O C. iii the charts for May, 1904. 

Tlie Sognef jordsect ion of November, 1903, is a straiige exreption, as the torigue 

was then below the isotherm of 2O C. (sse Pl. XXIII, Fig. 1 ;  see also the charts in 

Pl. XI) aiid liad temperatures hetweeii 1'86 and 1'99 O C. which is colder than iii any 

other seasoii wheii observatioiis were taken along this section, except in Mag, 1901, 

when tlie Atlantic water of the Sognefjord sectioiis was also uriiisually cold (cf. above 

pp. 177, 186, 191). 

The nzovenze~ts in the to?zg.ue were already inentioned several tiines 

above (cf. p. 135 et seg.). The inclinatioiis of the isopyknals in our 

sections indicate tha,t i t  moves south-eastwards with the greatest sur- 

face-velocities near the slope of the Færoe-Iceland Ridge; as will be 

mentioned later the velocities seem to be colisiderably greater in the 

autuinn than in the spring. The shape of the isopylrnals in our 

(1) See also the section northwards from the Fxroes in August, 1904, B n l l .  cles 
R e s ~ l l t .  ncp. pend. A o n t  1904, I'art U ,  Pl. V. 
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sections indicate, inoreo.ver, that at some distance from the Færoe 

Iceland Ridge there is very little motion in the water. For instance 

a t  Stats. 13 and 47 in Fig. 99 and at Stats. 13 and 17 in Fig. 101 

there has evidently been very little inotion, while on the other side of 

these stations, at Stat. 18, there may have been a movement in the 

opposite direction (cf. Fig. 39). All our sections across the Færoe-Iceland 

Ridge indicate siinilar conditions, and i t  seems as if there is hardly any 

movement in the cold water along an axis through Stat. 13 (of May 

and August, 1903) and towards the south-east, almost parallel to the 

Færoe-Iceland Ridge. Along this axis the water is very heavy, its 

mean density in May being above 27.90 between 0 and 300 metres, 

and above 28.00 between 0 and 600 metres, as is demonstrated by the 

two charts of mean densities for May, 1904, in Pl. X11 (see also the 

similar eharts for July-Sept., 1900, Pl. 111, May and August, 1903, 

Pls. IX, X). The renewal of the cold water of this axis must be very 

slow. It is probable that on its south-west side the inovement goes 

in a south-easterly direction, and fairly rapidly as the isopyknals lie 

there close together in our charts (cf. p. 159) while on the north-east 

side of it, where the distances between the isopylznals are much greater, 

there is a slow movement in some northerly direction. 

The Seasonal Tariations i n  the East Iceland Arctic Current. 

For laclc of observations only very little can be said about the 

seasonal variations in the East Iceland Arctic Current, and still less 

about its annual variations. I n  May and August, 1903, Danish as well 

as Norwegian observations were taken in the sea east of Icelaild which 

malze it possible to construct sections across the East Iceland Current, 

and these sections may give us some indications of the seasonal 

changes. 

A priori it is to be expected that in the azltzlmn the currenf 

north-east of Iceland should carry a maximunz quantity of diluted 

Arctic water (and coast water) with a maximum average temperature, 

owing to the combined effect of the melting of the Arctic and Polar 

ice-masses, during the summer, the increase of the Iceland aild Green- 

land coast water, and the heating by the sun. On the other hand i t  

is to be expected that in the spr i~g there should be a minimum in 
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the quantity of diluted water (with salinity below 34.9 "/"o) carried by 

the current, and also a minimum average temperature, owing to the 

formation of ice during the winter and the cooling of the sea-surface. 

The observations at our disposal prove that such is the case. 

Fig. 101. Sectioii north-eastwards from Iceland (see broken line Fig. 94) through the 
Daiiish Stats. 20-22 and the Michael Sars Stats. 13-18, May, 1903 (Scales 

a,nd liatching same as in Fig. 96). 

Figs. 99 and 101 represent sections taken very nearly along the 

same lines north-east from Icelaild. The Danish and Norwegian 

stations of Fig. 101 were taken iii the end of May, 1903, the Nor- 

wegian Stats. 46, 13, 47, and 18 of Fig. 99 were talren in the first 

days of September, 1903, while the Danish Stats. 99-1 01, near land, 

were taken in August, 1904. These two sections show a striking 

difference. While in September and August the water-layer with 

salinities below 34.90 O/oo, and densities below 28.00, had a depth of 

about 400 or 450 metres a t  our Stat. 46 and Stat. Da. 101, i t  had in 

May a depth of no more than 300 inetres on the continental slope, 
38 
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between Stats. Da. 21 and Da. 23. A t  Stat. 13 the depth of the 

water-layer was very nearly the same in the two seasons, and a t  

Stat.  -18, there was only a. very thin surface-layer of it in September, 

but nothing in May. It appears thus to  have had a somewhat wider 

extension on the surface in the aihuinn than in the spring, but its 

great variations has chiefly been liinited to the very narrow main body 

of the ciirrent, running close along the continental slope of Iceland. 
The conditions in  May, 1901 aiid 1902, a t  oiir Statious 12 and 13, off the east 

coast of Iceland (see Pls. V and VI), might seem not to agree with the above results, 

as the isohaline of 34'90 O/oo was, in May, 1901, below 350 metres at  Stat. 12 (see 

Pl. XVI, Fig. 2) and in May, 1902, a t  aboiit 360 metres at  Stat. 13 (Pl. XVII, Fig. l). 

The isotherm of 0' C. of the upper cold layer, was, homever, not so deep, in May, 

1902, even above tlie lerel of 200 metres, or very nearly at  the same level as it was 

a t  Stat. 13 in  May, 1903. The isopyknal of 28'00 was in May, 1901, a t  about 200 metres 

a t  Stats. 12 and 13, but in May, 1902, it may have been somelvhat deepei :&t Stat. 13, 

On the one hand i t  has to be considered that there might be slight, more or less, 

accidental variations in  the salinity of the different waters from one year to another, 

aiid we see that the variations here are very small otily 34'88 '/o0 (or 34.86 O/oo) instead 

of 34'91 O/00. On the other hand, as we have mentioned in Chap. VI, there might be 

great temporary disturbances, boulldary waves, vortex-movements etc. which often alter 

the level of the boundaries between the layers. 

As regards the temperatures of the water of the Iceland current the 

two sections Pigs. 101 and 99, of May and August, show striking 

differences. A t  Stats. Da. 20-Da. 22 all temperatures were very low, 

and the cooling during the winter had by vertical convection currents 

made the water practically homogeneous over the Iceland continental 

shelf, with nearly uniform temperature and salinity a t  all depths, which 

is best seen a t  Stat. Da. 20, near land. And a t  the time of the obser- 

vations, May 24th and 25th, only a slight heating on the surface is 

noted in the surface temperature. I n  the surface layers a t  Stat. Da. 22, 

and our Stat. 13 there have also beeil active convection currents during 

the winter creating nearly homogeneous water down to 100 and 150 

metres. There are consequently comparatively few isopyl~nals in this 

section, and they have no very steep inclinations. This seems to 

indicate that  the current has been moving with very small velocities. 

I n  the autnmn it is quite different: the water near the land has 

become much heated down to  considerable depths, the salinities neai. 

the surface has become lower, the surface layers are considerably 

lighter, and there are many more isopyl<iials with steeper inclinations, 
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indicating that the surface velocity of the current has been mnch 

increased, which is evidently als0 the reason why the layei with sali- 

nities below 34.9 O/oo has become so much deeper on the continental 

slope; the increased surfnce velocity has pressed i t  down on the right 

side of the current, on account of the deflective force due to the 

Earth's rotation. 

I n  the section farther south through the Danish stations 19, 18, 

17 and 10, there are quite similar differences between May and August, 

1903, see Pl. XXIA,  Fig. 1, and Pl. XXII, Fig. 1. At Stat. Da. 10 

the isohaline of 34.90 O100 was a t  about 300 metres in May, and at  

about 500 metres in August, provided that the determinations of the 

salinity are quite correct; but this may be a little doubtful as there 

is much less difference in the temperatures at  these depths, the isotherm 

of O" C. being at  about 400 metres at Stat. Da. 10, both in May and 

August.(l) The temperatures of the top layer, with salinities below 34.9 O/OO, 

are in May very low and there is only little difference vertically, both 

in temperature and salinity. The water over the continental shelf is 

nearly perfectly homogeneous, especially a t  Stats Da. 19 and Da. 18, 

but also a t  Da. 17 and Da. 10. There are consequently comparatively 

few isopylmals in the section, and the movements seem to have been 

slow. I n  August the temperatures of the upper strata have been 

miich raised, and the salinities have been lowered. There are conse- 

quently inany more isopyknals, and their inclinations indicate much 

more rapid moveinents in the upper strata. 
Iii the section through the Stats. Da. 13 to Da. 10 A (Fig. 100) farther to the 

south-east (see Fig. 94) there are quite similar differeiices between May and August, 

1903 (cf. Pl. XXI B, Fig. 6, 1'1. XII, Fig. 6) iiidicating a greater voliime of the tongue 

of the Arctic water with many more isopyknals aiid greater suiface velocities in 

August than in May 1903. 

Aiid if this sectioii of August, 1903, be compared with the same section of 

May, 1904 (Pl. XXIVB, Fig. B), there is a similar difference, although the volume of 

the "toiigue" in the "bight" was larger that spring than i11 May, 1903, provided 

that the determinations of salinity be correct. 

(1) I t  will be mentioned in Chap. X1 (p. 322) that the isotherm of O 0  C. ought 
probably to be drawn somewhat differently in both figures (Pl. XXIA, Fig.1. Pl. XXII, 
Fig. 1) as i t  should certainly not rise from 400 metres at  Stat. Da. 10 to aboiit 200 metres 
at  Stat. Da. 17; but should pass to the continerital slope probably belom, 400 metres. 
The cold water iiear the bottom at  Stat. Da. 17 is Polar water with lower salinity, 
~vhile the cold water below 400 metres a t  Stat. Da. 10 is bottom-water. 
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To judge from the observations taken a t  the same Danish stations in  August, 

1904 [cf. Bull. cl. Res. ncq. etc. Aout 1904, p. 241, i t  seems, lioaevei., to liave bren a 

comparatively small volume of Arctic water mith salinity below 34'9 '/oo iii the "biglit" 

that autumn, as i t  was not observed a t  Stats. Da. 13 and Da. 12, and only a t  oiie 

depth (350 metres) a t  Stat. Da. 11; a t  Stat. Da. 10 i t  occurred at  160 aiid 200 metres 

and between 50 metres aiid the sarface. I t  rnay, therefore, be doubtftil whrther 

there actually is a seasonal variation (between May and iliigust), as iiidicated above, 

in the volume of the Arctic water in the "tongue" along the northeril slope of the 

Færoe-Iceland Hidge. It may be that the effects of the increase during the summerof 

tlie volume of this water north aiid north-east of Icelaiid does not reach the Færoe- 

Iceland Kidge before later in the winter. We caniiot, therefore, expect to find any 

distinct indications of such variations in the sections across the ridge farther to the 

south.east, and north of the Færoes (see Pls. XXI R, XXII, XXIV B). Biit they all 

show similar differences between May and August as regards the number of isopylrnals, 

indicating greater surface-velocities along the continental slope in the autumn. 

Annual Variatiolzs i n  the East Iceland Arctic Current. 

No certain conclusions as to the annual variations in the East 

Iceland Arctic Current can be deduced from the Danish observation- 

material of a few years only. As was mentioned above (p. 185) our 

sections seawards from the Sognefjord taken in May, 1901-1905, seem 

to indicate that the "tongue" of Arctic water was in 

May, 1901, May, 1902, June & July, 1902, May, 1903, August, 1903, 
very great no tongue no tongue divided in small. 

aiid cold. observed. observed. tmo parts. 

November, 1903, Mag, 1904, May 1905, 
fairly great and cold. great 11ut not no tongue 

cold as in 1901. observed. 

These observations agree fairly well with the Danish observations 

along the Færoe-Icela,nd Ridge and east of Iceland in the few years 

from which there are observations. As was mentioned on p. 185 the 

Danish observations seem to indicate that north of the Fzroes the 

tongue of Arctic water was smdler in May, 1903, than in May, 1904; 

buk in May, 1905, i t  was very small. This also agrees with the facts 

represented in Fig. 99, which proves that the surface-layers with com- 

paratively low salinities were deeper at our Stat. 46, of Sept. 1, 1903, 

than at Stat. Da. 101, of Aug. 14, 1804. The more southern position 

of Stat. 46 as compared with Stat. Da. 101 (cf. Fig. 94) is not suf- 

ficient to account for this difference. It inay seem probable that the 
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Arctic water being east of Iceland in the aiitumn of 1903 and 1904 

has reached the sea north of the Færoes in the spring of 1904 and 1905. 

The observations in the "bight" also indicate that there was much 

less Arctic water in the "bight" in Augnst, 1904, than in August, 

1903 (see above p. 300), and this may account for the small ainount 

of Arctic water in the Sognefjord section of May, 1905. 

If what we have said above be correct, i t  woiild agree very well 

with the variations in the mean temperature of the Atlantic water in 

the southern Norwegian Sea (cf. p. 185) ; the observations of May, 1905, 

being the only exceptiou, as there was very little Arctic water in the 

Sognefjord section while the mean temperature was low. On the other 

hand the volume of the Atlantic water was great in May, 1905, and 

we have also mentioned that the biological conditions do not seein 

to have been favourable in the southern Norwegian Sea and the North 

Sea in the seasoil preceding the spring of 1905, as was proved by 

the spawning of the herring (cf. p. 210). But in the winter before 

May, 1904, the biological conditions seein to have been very good, as 

was proved by the great quantity of haddocl~ and herring born that  

year. This coincides with the great tongue of Arctic water in the 

Sognefjord section of May, 1904, and the unusually low temperature 

in the tongue ill the preceding November (cf. above p. 295) which 

in  our observation-material was only equalled by the very low tempera- 

tures in May, 1901, in which year the biological conditions seem to 

have been even more favourable as is proved by the spawning of the 

haddock (cf. p. 208). 

The observations thiis agree with our assumption that  the varia- 

tions in the volume of Arctic water carried by the Iceland Current 

are of sonle importance for the biological conditions in the southern 

Norwegian Sea and in the North Sea. But the observations are niuch 

too few and too accidental and froin a much too small number of 

years to prove anything; and no certain conclusions can be drawn in 

this respect a t  present. 

~ h e  only observations in the East Iceland Current which might 

be expected to give some information about the conditions in  earlier 

years, are the observations talcen during the Danish JngoJf  Expedition 

in 1896. Fig. 102 represents a section from Iceland to J a n  Mayen 
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Fig. 102. Section from Iceland to Jan Mayen, thiough the Tngolf Stats. 122-116, 
Jiily, 1896. (Scales same as in Fig. 96.) 

through the Ingolf Stats. 122-115, of July, 1896. It passes along a 
curved line (cf. the dotted line in Fig. 94) between our Section I V  (Fig. 98) 

and Section V (Fig. 99). The values of salinity of the Ingolf section 

are too inaccurate to be comparable with the niodern observations. 

Although the observations have been computed by Knudsen's Tables, they 

give salinities of 35.10, or even 35.17 O/oo, for the bottom-water with 

temperatures of -0.5 " C.  or lower (cf. Stat. I 121). It is, however, 
probable that the temperatures are trustworthy. But the difference 

between the isotherms of this section of July, 1806, and our Section 

I V  of August, 1900, as well as Section V of 1903 and 1904, is never- 

theless striking; and cannot be accounted for by the different positions 

of the sections, for there is in several respects more resemblance 

between Sections I V  and V. The difference is especially reinarliable 
a t  the stations near Iceland. The isotherrns of 0 O C. and 2 O C.  a t  
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the litgolf Stats. 122 and 121 prove that there has been mnch less 

Arctic water with low salinities off the north-east coast of Iceland in 

July, 1896, than there was in August, 1900, iii September, 1903, and 

in August, 1904. At the same time the surface-temperatures and the 

temperatiire of the upper water-strata were much lower in the end of 

July, 1896, than in the beginning of August, 1900, &c. If this be 

correct it might seem to indicate the possibility of great variations in 

the waters of the East Iceland Arctic Current. 

5. The Denmark Strait Polar Current. 

The quantities of Polar ice continiially carried southwards through 

Denmarlc Strait, often extending almost to Iceland, prove that a branch 

of the East Greenland Polar Ciirrent runs through this strait, across 

the Iceland-Greenland Ridge, and southwards along the Greenland 

coast. This branch of the Polar Current is of special inteiest as (in 

connection with the current through Lancaster Sound, &c.) i t  forms 

the main ontilow from the Norwegian Sea which has to a great extent 

to equal the inflow of Atlantic water through the Færoe-Shetland 

Channel, crossing the ridge between Greenland and Scotland at its 

other end (cf. p. 147 et  seq.). There are also other outflows, e. g. 

across the Færoe-Iceland Ridge, in the " bight" (cf. p. 137), and through 

the straits between Greenland and America (cf. p. 147), but the out- 

flow of water throngh Denmarlc Strait is evidently of mdst importance. 
i Very few observations have, however, been taken in this current, 

and we have no observation-inaterial oil which we can base even an 

1 approximate estimation of its voluine and characteristics. Our Stat. 
13, of August, 1900 (Pl. XIVB, Fig. 2), was just iii the outslcirts of 

this current. We found there a layer of typical Polar water between 

50 and 250 metres, resting as usual on an interinediate warmei water- 

layer. But as no stations could be taken farther towards the north- 

west on account of the ice which stopped us at Stat. 13, we cannot 

say much more about the cilrrent in this region. We do not even 

lcnow whether the Polar water found by iis at Stst. 13 belonged to 

the main body of the current running south-westwards along the edge 

of the contiliental shelf of the Greenland coast; but we tliinlc that 
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this is probable, and that Stat. 13 was near the middle of the channel 

about 600 or 700 metres deep, which is the southward oontinuation of 

the Iceland-Greenland Channel (cf. Pl. I, and Fig. 8, p. 69). Through 

this Channel the Polar Current evidently runs south-westwards, pressed 

close against the Greenland continental slope, which here seems to be 

at a great distance from the Greenland coast, the continental shelf 

being very broad; and through the same Channel a narrow branch of 

the Irminger Cnrrent runs north-eastwards along the Iceland continen- 

tal slope (cf. our Xtat. 14, Pl. XIVB, Fig. 2). The conditions are 

consecluently very similar to those of the Færoe-Shetland Channel. 

Our Stat. 13 was probably just at the edge of the Polar Current on 

the Greenland side of the Channel. 

The probability is that the movement of the Polar Current is 

chiefly limited to a narrow belt over the continental slope, dong the 

edge of the continental shelf-in the saine manaer as was proved 

by the Relgica observations off the northern east coast of Greenland 

(cf. p. 269 et. sep.)-while there is comparatively little movement in 

the Polar waters covering the continental shelf, inside its edge west 

and north-west of our Xtat. 13. This gives a natural explanation why 

there is, as a rule, so much ice off the Greenland coast just in this 

region, and why the margin of the ice is so very often met with just 

in the region of our Stat. 13, or near the edge of the Greenland con- 

tinental shelf. 

Our assuinption agrees well with the experiences of tbe sealers, 

who catch the bladder-nose sea1 or hood sea1 (Cysto~hora cristata) in 

Denmarlc Strait, generally in Jiine and July. It is a common expe- 

rieiice that the current sets hard towards the south-west (or west as 

the sealers say) along the edge of the ice, and that one always has to 

keep well towards the north-east i11 order not to be carried too far 

towards the south-west. But as soon as the vessels penetrate some 

distance into the ice, the drift towards the south-west seems to be 

considerably less. 
In June and July, 1882, Nansen [l8841 was enclosed in  this ice for twenty-two 

days (from Jiine 26th to Jiily 17th), and diiring that time the ship, the Vilcing, drifted 

very little; for some time she was even carried slowly north-westwards towards the 

coast; on Jiily 2nd, 1882, the position was G6 O 48' N. T,&. and 30 O 36' W. Long, 

~vhile on July 7th i t  was 66 O 60' N. m d  32 O 36' W.; on July 9th it mas eveil 66 O 
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Fig. 103. Sections from the East Coast of Greeiiland, A through HA~IBERG'S Stats. 63 
-65, aiid the IqgoFf Stat. 95, B throiigh HAMBERG'S Stats. 66-62 and the 
In,golf Stats. 94-93. September, 1883, and June, 1896. Scales same as in 
Fig. 96. The cliart shows positioiis of sections, and the isobaths of 200, 

400, 600 metres, &c. 

51' N. and 32 O 18' W. so she had then been carried a little tomards the north-east. 

But after that time she was carriecl slowly southwards to 66 O 20' N. and 32 O 36' W. 
on July 13th, and four clays later she got out of the ice again. I t  seems as i f  there 

has been a kind of eddy in  the curreiit in this region, and the current has probably 

beeii mnch influenced by the tidal variatioris, just as is indicated by the observations 

during the Belgica expedition, on the continental shelf off the northern east coast of 

Greenland [cf. HELLAND-HANSEN and KOEFOED, 19091. 

During NORDENSKIOLD'S expedition to Greenland i11 1883, Dr. 

AXEL HANBERG toolc some observation-stations in and near the Polar 

Current along the east coast of Greenland, just south of Denmark 

Strait (cf. the small map, Eig. 103). We have given the observations 

talcen by HAIMBXRG at these stations in Fig. 103, A and B ;  but as 

there are too few observations of salinity, no conclusions can be drawn 

from them as regards the volume of the current or its velocity. HAM- 
BERG'S teinperatures seem, to indicate that the current has a quite 

reinarlcably small voluine in this region, and much sinaller in the inost 

southern section (B), off Aiigmagsalik, than in section B farther north 
39 
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(cf. the isotherm of O" C.) Biit the observations of salinity at the 

Ingolf Stat. 94 prove that the ciirrent may have a greater width than 

HAMBERG'S observations seem to indicate. The observations of tem- 

perature (carying between 2.1 and 3.9-" C., between O and 200 metres) 

at this station shows that the Polar water with salinities below 

34.90 O/oo has been much heated on its way southwards through Den- 

mark Strait, probably chiefly by intermixture with warmer waters. 

Unfortunately there are no other physical observations of iinportance 

in this part of the East Greenland Polar Current. 

It seems, however, as if the very narrow current in HABIBERG'S 

Section off Angmagsalik (Fig. 103, B) may run with great celocities, 

which may to some extent make iip for its very small sectional area. 

I n  Jiily, 1888, Nansen drifted, on the ice, with this current south- 

wards along the Greenland east coast, from 65" 3.5' N. Lat. and 38" 

W. Long. to 61" 35' N. Lat. and 42" W. Long., during 11 days, froin 

July 18th to 29th [cf. NANSEN, 18901. The average velocity of the 

drift during those days was ilearly 24 naut. miles in 24 hours (or about 

50 centimetres per second), and during most days the velocities were 

even greater, about 26 or 27 naut. miles in 24 hours.(l) These are 

very much greater velocities than were found in the Polar Current 

off the east coast of northern Greenland (cf. p. 270). As there was 

very little wind during NANSEN'S drift [cf. MOHN in MOHN and NANSEN 

1892, p. 521, the great velocities of the drift cannot have been due to 

the wind, but must have been the velocities of the regnlar current. 

6. The Ice. 

The ice occurring in the region of the East Greenland Polar 

Current and east of it, is of two different kinds, viz. North Polar Ice 

coming from the North Polar Basin, and what we may ca11 Arctic Ice, 

(also called Bay.Ice) which is formed in the northern and western 

(1) The ship-wreclred whalers of 1777, drifted along the same coast with an 
average velocity of about 18 naut. miles iri 24 hours, while the Harzsa crew, in the 
winter of 1870, drifted with a mean velocity of only 4 or 6 ilaiit. miles in 24 hoiirs. 
The explanatioii may be that they were iii the slower part of the ciirrent iiearer Inlid. 
and also that tlie current is slowet in tlie winter tlian in tlie sumruei and aiiturrili 
(cf. NANSEN, 1890, I, Chap. X). 
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regions of the Norwegian Sea - between J a n  Mayen, Greenlaiid, and 

Spitsbergen, and between Jari Mayen, Greenland, alid Iceland. 

The North Polar Ice forms extensive thick floes with great 

huinmocks. The mean thickness of the floes may be 2 or 3 inetres, 

or more, and the thickness of the hummoclcs perhaps 60 or 70 

metres, or sometirnes even more. This ice is several years old and 

has been formed ill the North Polar Basin, from which i t  is carried 

southmards by the Greenland Current. I n  the Norwegian Sea i t  occurs 

as a rule oiily in the north-western and western region along the 

Greenland coast; and i t  occupies only the sinaller part of the area 

which is covered by ice in the spring. 

The Arctic Ice covers the greater part of this area. It consists 

of much thinner floes, about one metre thiclc, which have been formed 

n the Norwegian Sea duriiig the preceding winter, and melt again 

during the following summer. Most ice met with in the sea north 

and north-east of J an  Mayen aiid between this islaiid and Spitsbergen 

is of this kind, and so is also greatly the ice betweeii J a n  Mayen and 

Iceland. During the winter and spring great areas of the sea north- 

east of J a n  Mayen, sometiines even as far  as towards Bear Island, is 

covered by new formed ice, and this is the reason why the ice has, 

as a rule, such a wide extension in the spring (cf. the Danish Charts 

of the distribution of the ice). The rapidity with which the extent 

of the ice diininishes during the suminer is due to the fact that  this 

thin ice (containing inuch brille) melts coinparatively easily, mhile the 

old, thick and huinoclcy Polar ice takes a much longer tiike to dis- 

appear, and is carried by the Polar Current southwards along the east 

coast of Greenland. 

The difference between these two kinds of ice is important, and 

ought to be talcen into account by those who frame theories based 

iipoii the variations in the distribution of the ice. A good many false 

conclusions have hitherto been drawn by authors who have ignored 

this fact. 

The Meltimg of the Ice in the East Greenland Polar Current is 

chiefly due to heat coming directly from the sun during the sum- 

mers, and not to heat carried by the Atlantic water. This is clearly 

proved by the vertical distribution of temperature in the strata of the 
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Polar current [cf. NANSEN, 19061, and als0 by the seasonal variations in 

the temperature of the surface strata of the current. During the winter 

these strata are cooled to their freezing-point and much ice is formed, 

in the whole region of the East Greenland Polar Current as well as far  

outside it. By this process the salinity of the surface layers is in- 

creased, while i t  is again decreased by the melting of the ice during 

the summer. (l) 

During the summer the surface layers are heated by the sun, 

as is clearly proved by all vertical series of temperatures taken in the 

East Greenland Polar Current in July and August during the many 

various expeditions (cf. above Table p. 274). Temperatures much 

above 0" C. occur in the surface between the ice-floes, and as deep 

as 5 metres, sometimes even below 10 metres. Owing to  the admixture 

of the coast-water, this warm surface layer is generally deepest near 

the Greenland coast. These high teinperatures are consequently entirely 

due to  heat coming froin above, during the summer. The fact is 

therefore that  practically all melting of the ice is due to the heat 

coming from above, and not to the heat of the underlying warmer 

waters [cf. HELLAND-HANSEN and KOEPOED, 19091. 

The Belqica Stations were all of them within the margin of the ice. At 

Stats. 30, 33, and 48 the ship was moored to small ice-floes, a t  Stats. 38, 43, and 44 

she was moored to the coast ice, and at  Stats. 40 and 42 she was in open lanes in 

the ice. 

The NATHORST Stat. XI, was in the open coast-water inside the ice. 

AMDRUP'S Stat. IV was in the ice, the ship was moored to an ice-floe. His 

Stat. I1 was in the ice, west of Jan Mayen abont 100 feet from the neitrest ice-floe. 

RYDXR'S Stat. VI11 was in scattered ice, the ship was moored t,o an ice.floe. 

His Stat. XIV and XXVII were also in slack ice. 

(1) Some authors still frequently speak of the Polar water, with low salinity, 
carried by the East Greenland Polar Cnrrent as "water of ice-melting", evidently 
believing that it  is formed by an interinixture of the nearly fresh water, formed by 
the melting of the Polar ice, with the waters of the Norwegian Sea. We have, how- 
ever, seen that the main body of the Polar water flowing southwarcls along the east 
coast of Greenland is Siberiaii and American coitst-water, whose salinity varies some- 
what summer and wintcr according to the melting or formation of ice. The above- 
mentioned fact that the 32'0-isohaline forms such a very distinctly marlred boundary- 
line of the Polar Curreiit, eren amongst melting ice-floes, also proves clearly how 
erroneous it is to assume that the Polar water is formed by ice-melting, because if 
i t  were not coast-water, it ought to have its lowest salinities near the outer boundary 
of the current were the melting is most active. 
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The following observations may be given as examples: 

These series illustrate without further explanation perfectly clearly 

how the waters of the Greenland Polar Current is heated from above 

during the summer, and how the melting of the ice must be almost 

entirely due to this heat. 

The stations nearest the Greenland coast have the highest sur- 

face temperatures, often above 2 "  C ,  while the underlying water is 

very cold with minima of between -- 1.6: and - 1.8" C. a t  50 metres 

or deeper. These high surface-temperatures may be due to warin coast 

water coming from land, which also represents heat coming directly 

froin the sun. 

It is thus seen that practically no ice is melted by heat coming 

froin the wariner water strata underlying the Polar water; the ice is 

melted by the direct radiation of heat from the sun during the sum- 

mer. This heat either directly melts the ice on its surface, or as the 

vertical series of temperatures show, i t  heats the water between the 

ice-floes, down to 10 or 20 inetres or more, and it also heats the sur- 

face-water coming from the coast. Thus a surface-layer of warm 

water is formed during the summer, in which the ice melts also on its 

underside. 
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The warin surface-layer always rests on much colder water. The 

above series show that  a t  20 metres the temperatiire is in most cases 

low, and a t  50 inetres there is very much the saine temperature a t  

all stations, the minimum teinperature of between - 1.6 O C. and 

- 1.8" C. occurring a t  this depth or slightly deeper. There is hardly 

any difference in temperature between summer and winter a t  this 

depth. 

As the warm surface-layer rests oil these cold underlying strata 

it must be cooled from below. By the radiation of heat from the 

surface, i t  is also cooled from above during the winter, and will soon 

be cooled to its freeziiig-poiilt, and ice will be forined. The fact 

that  ice is formed and no ice is melted during the winter als0 proves 

clearly that  the heat coming from the underlying warmer water is of 

little or no importance for the ice-xnelting. 

It is consequently a mistake to assume, like Prof O. PETTERSSON 
and some other authors, that  the meltiilg of the Polar ice directly 

cools the underlying wariner water-inasses of the Norwegian Sea(l), 

or that  i t  even.forins the cold bottom-water. The melting of the ice 

during the summer engages a great deal of the heat coming directly 

froin the sun, and thus prevents the heat wave froin penetrating very 

deep in  the sea in that region, and the sea-water is less heated during 

the summer thaii i t  would have been if there had beeii no ice. 

I n  this manner the cold water of the East Greenland Polar Current 

lceeps its low temperatures on its southward course much longer than 

would have been the case if there had been no ice. On the other 

hand the cover of ice protects the underlying sea against the cooling 

by radiation of heat from the surface during the winter; and much 

heat is moreover disengaged by the formation of new ice. This 

counterbalances to some extent the cooling effect of the ice-melting in 

the summer. 

(1) Prof. PETTERSSON will eveil explain tlie tinder-curreiit of intermcdiate 
warm water, underlying the East Greenland Polar Curreiit, as a product of the ice- 
melting process. What has been statecl above proves the impossibility of tliis theory 
sufficieiltly clearly, without any furtlier discussioii. 
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X. The Cyclonic Systems of the Southern and Northern 
Norwegian Sea. 

O n several occasions in the preceding Chapters we have mentioned 

the great cyclonic systems of the Norwegian Sea. As they 

forin soiiie of the inost charactevistic features in the physiognomy of 

the whole of this sea, we shall here embody iii a special descriptioil 

the results a t  which we are arrived. 

The priilcipal curreilts in the Norwegian Sea are, the Norwegian. 
At la~~t ie  Current running along the whole of the eastern side-slope of 

the Norwegian Sea, and the &st Greenland Polar Current along its 

western side-slope. The inain bodies of these currents follow the 

edges of the continental shelves. I n  this maiiner we get as the 

primary great system of circulation, a cyclonic moveinent round the 

whole of the Norwegian sea-basin, along its side-slopes. This was 

clearly pointed out by Professor MOHN. The cyclonic direction of the 

inovement is determined by the Eartli's rotation. The relative volumes 

of the two currents are seen in Pl. XXV, Section IV. 

E i s  great primary systein is divided in several smaller systems 

in which the water-inasses also move in cyclonic directions. Cyclonic 

systems of this lcind occur in the soiithern Norwegian Sea, in the 

Greenland Sea (ilortheril Norwegian Sea), and probably also in the 

Iceland Sea. 

The division in these different cyclonic systems is probably to a 

great exteiit due to the topographic features of the sea-bottom. Ridges 
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and elevations projecting seawards from the continental slope are of 

special importance in this respect, as they impede the free course of 

the ciirrent even where they lie very deep, for i t  is evident that a 

current runs most freely over a deep sea, and it is checked in  its 

course wherever the sea becomes shallower, even though slightly. 

Impeding forniations of this kind are (cf. Fig. 8), the Helgeland Ridge 

west of Lofoten, the suboceanic ridge between Spitsbergen and Green- 

land, the J a n  Mayen Platform, the suboceanic ridge betweeil Green- 

land and Scotland with the Iceland and Færoe Platforms. A t  these 

places the currents are checked in their course, and some part of the 
water-masses is compelled to move towards the side. Thus the bathy- 

metrical features give a natural devision of the whole Basin of the 

Norwegian Sea into separate smaller areas, that  have their separate 

cyclonic current systems. I n  this manner the greatest vortex-move- 

ments inentioned before (in Chaps. VI, VII, and IX) are formed. But 

within these cyclonic systems a great many sdsller vortex-morements 

arise, and in every current there seems to be continually changing 

movements, with formation of comparatively small vortices (cf. Chap. VI). 

Some of these smaller vortices may als0 be caused by the configuration 

of the bottom. 

The Cyclonic Circulation System of the Southern Norwegian Sea. 

The great cyclonic movement in the Southern Norwegian Sea is, 
on its eastern side, formed by the Norwegian Atlantic Current. At 
about the Arctic Circle a part of the current is forced towards the 

northwest, then westwards, and south-westwards.(l) On its western side 

the great vortex is bounded by the Arctic water mentioned in Chap. IX. 
The transition between the Atlantic water in this western region 

and the Arctic water is somewhat indistinct. We have mentioned 

that  the East Iceland Arctic Current follows the edge of the 

continental shelf and the continental slope, and that  its velocities 

are great along a narrow belt close to the latter; while they decrease 

(1) In his chart of the Sea Currents, Capt. C .  RYDER [1901, Pl. XI] has an arrow 
illdicating a westward cyclonic current off Lofoten, wliich is too far north bu t  other- 
wise remarlrably correct. We do not know, howevcr, hotv I~YDER has got the idea 
of this currei~t~, or whether it  is merely guess-work. 
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rnpidly over the greater depths towards the axis of very heavy and 

cold water, extending towards the south-east from our Stat. 13 in Fig. 09. 

Between this axis and the western part of the great southern cyclonic 

system are the water-masses probably moving slowly north-wards, as 
we have indicated in Fig. 39. This movement was not introduced in 

our current-chart Fig. 2, as we did not consider i t  sufficiently certain, 

when we drew that chart years ago. There are, however, several 

facts that malre the existence of this movement very probable, 

especially the distribution of the density, as is shown by the sections 
north-eastwards from Iceland (cf. Figs. 99 and 101). Our charts of 

the mean density of the iipper 300 and 600 metres in PIs. IX, X, 

and X11 prove the probability of a northward movement in about 5 
and 6"  W. Long., along the eastern side of the axis of heavy, cold 

water (cf. Pl. XIII). The distribution of the Arctic water (of the 

"tongue") in the chart for 200 metres of May, 1904 (Pl. XII), als0 

indicates that the Arctic water has been carried towards the north- 

west froin about 64" N. Lat. and 2" W.  Long. The surface-charts 

in Chap. XI,  Figs. 108, 109) als0 show a wide westward distribution 

of the Atlantic water, south of Jan Mayen, in about 68 and 69" N. 
Lat., just where we should expect to find it. It agrees with the 

results of oiir dynamic calculations which show a northward move- 

ment of the surface-layers in relation to the deeper strata, in the 

western part of the Lofoten section, east of the axis of heavy cold 

water. If there is not such a northward movement of the water on 

the western side of the cyclone, i t  would als0 be difficult to understand 

in what direction all the water flows away, which is carried into the 

central part of the cyclonic movement. 

Eig. 104 represents the main features in the di~ection of the 

movement in the upper 300 metres, of the southern Norwegian Sea, 
according to our view. We have used the chart (Fig. 32) of the 

average horizontal distribution of salinity at 300 metres, resulting from 

all our observations taken during the years 1900-1904, and have in 

tliis chart drawn arrows indicating the directions of the great move- 

ments, leaving the details out of consideration; the small vortex- 

movements are consequently not represented in this chart. 

It is remarlrable how perfectly this chart of the movements, 
40 
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Fig. 104. 
Average Horizontal Distri- 
b~itioil of Sailitlity a t  300 
Metres, resulting from all  
Observatioiis talreu in  1900 
-1904. Arrows iiidicnte 
Average Direction of Cur- 
rent,s i n  upper 300 Metres. 

Fig. 105. 
Distribution of Cahniclce 
a t  t he  Surface of the  
Southern Norwegian Sea, 
according to DAMAS. The 
lines mark the  boundaries 
of regions where the  dif- 
ferent species abound, A 
adults of Calanws fin- 
mal-chicus, B Calan,us 
ilyperborezu, C Neritic 
Plankton. The broken 
hatching indicates the 
distribution of larvæ of 

Calanus Jinmarcl~icz~s 
[D~nfns ,  1906, PI. I]. 

which is based entirely upon our physical observations, agrees with 

DAMAS'S chart [1905, Pl. I] of the distribution of Calawus .finnzarchicus, 

C'alanus hyperboreus, and Pseudocalanus (cf. Fig. 105). When he wrote 

his interesting paper, DAMAS did not know in the detail the results of our 

investigations as regards the movements of the waters in the southern 

Norwegian Sea, he only knew our discovery of the great cyclonic 

systein. He could not therefore give a detailed explanation of the 
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distribiition observed. We think that  our system of circulation gives 

a quite natural explanation. According to GRAN'S [l9021 and DAMAS'S 

investigations it seems as if there are different species of Plankton 

organisms, e. g. Calufiida, that  are quite characteristic for certain 
1 areas in the open sea; within these areas they abound, while they 
j 
I 

i are comparatively rare outside them. W e  may assume that they are 
l 
l in a way stationary there. W e  can only explain this fact by assuming 
l 
: that  the water-masses of those areas are also more or less stationary, 
1 and are renewed coinparatively slowly. W e  have found in the southern 
j 
I Norwegican Sea especialy three different areas where there is probably 
1 
i a very slow renewal of the water-masses, and where a great part of 
i 
I the water probably reniains for a long time, exposed to circulatory 
1 

l movements in various directions. These three areas are: 

i (1). The central part of the great cyclonic system, between about 
i 65 and 67" N. Lat. and 2" E. and 3' W. Long. (cf. Fig. 104). The 

water of this areas is chiefly Atlantic. 

(2). The boulldary region between the western side of the great 

cyclonic system and the axis of cold and heavy Arctic water. This i 
I area extends northwards, from about 64" (or even 63") N. Lat., between 
i 
I 3" and 7 " W. Long. The water of this area is a mixtnre of Atlantic 

t water and Arctic water. 
l 
i (3). The axis of cold and heavy Arctic water extending south- 
i 
i eastwards from the sea between Icelaild and Jan  Ma,yen (cf. the 
l 
i isopyknal of 27.90 in the chart of ineau bt for 0-300 metres in Pl .  X I I ;  

see also Pl.  XI I I ,  the isotherm of O" C. a t  100 metres and the 

isopyknal of 28.00 a t  200 metres). 

(4). In  addition to these areas we may also rnention the area over 

the Færoe-Iceland Ridge, on the boundary of the Norwegiaii Sea, where 

vortices, chiefly ailticyclonic, are formed (cf. Fig. 107), and where the 

water-inasses probably to some extent are fairly stationary, circulating 

in these vortices. The waters of this area are forined by intermixture 

of Atlantic water with Arctic water. 

I f  we now look a t  DAMAS'S chart (Fig. 105) i t  is strilcing how 

exactly his areas of the three kinds of Calanida coincide with the 

foiir areas jnst, described. ' Pseudocala~zus is stationary in the central 

water chiefly of Atlantic origin, in oiir central area 1 of the cyclonic 
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system. Calan,us hyperboreus is stationary in the axis of cold and 

heavy Arctic water described as our area 3. DAMAS'S boundary-line 

(Fig. 105, B) of the area of this species coincides alrnost exactly with 

the equilines mentioned above. Calanus $n.marchicus is evidently sta- 

tionary in the inixed waters of Arctic and Atlantic origin, in oiir 

areas 2 and 4. From these areas the larvæ and young individuals 

are carried with the current eastwards into the region of the Norwegian 

Atlantic Current, where, however, this species cannot be considered as 

being stationary, as shown by DAMAS'S boundary-liile (Fig. 105, A) of 

the region of the adults. 

DAMAS'S statements seem thus to be an excellent verification of 

the correctness of our results as regards the inovements aiid circulation 

of the water of the upper strata in the Southern Norwegian Sea. 

The Cyclonic Circulation SJystem of the Northern. Nol-?,vegian Sea. 

The cyclonic system of the Northern Norwegian Sea, oi. Gieenland 

Sea, seems to be quite as coinplicated as that  of the Southern Nor- 

wegian Sea just described; but we have a much more incoinplete 

observation-material from that  part of the sea, and cannot therefore 

trace the details of its cyclonic system. 

As Fig. 93 shows, i t  is formed, on its eastern side, by the Spits- 

bergen Atlantic Current running northwards, and on its western side 

by the East Greenland Polar Current and its underlying wariner 

water-strata. North of J a n  Mayen the Polar Current gives off an 

eastward branch, the Jan  Mayen Polar Current, bounding the cyclonic 

system on its southern side, and west of Spitsbergeii the Atlantic 

Ciirrent gives off a westward branch forining the northern boundary 

of the cyclone (Fig. 93). But within this great cyclonic systein there 

is evidently smaller voi-tex-movements . 
I a  about 75" N. Lat. a part of the surface-strata of the Atlantic 

Current extends westwards (cf. Fig. 93, Surface, 50, 100 in.;  and 

Figs. 108, 109), and evidently forms to some extent a kind of a 

vortex-inovement, water from the Jan  Mayeli Current probably extend- 

ing far eastwards to the south of this region. Iildications of the 

westward extension of the Atlantic water in about 75" N. Lat.  (or 
between 74 and 76" N.) is distinctly seen in nearly all our surface 
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1 charts of the various years (see especially Pigs. 108, 109, and May, 

i 1902, Pl.  VI); and the snrface chart of the suininer of 1905 published 
l 
l 

ill the Belqica Report [HELLAND-HANSEN and KOEFOED, 19091 gives 
l 

an excellent representation of this westward flow of Atlantic water 

(see our Fig. 93). I n  HAMBERG'S surface chart [l9061 there is also a 

wide exterision westward of water with salinity above 33 O/oo in about 

75" N. Lat.  

The westward inovement of the Atlantic water in this region has 
I a certain resemblance to the westward moveinent of the Atlantic water 

west of Lofoten. It coincides in a remarlcable mailner with the posi- 
i tion of the hypothetical low elevation on the sea-bottom, which we 

1 have drawn in our bathyinetrical chart (Pl. I )  as a low ridge exteilding 

l 
towards the southwest into the Greenlaiid Deep from the continental 

slope, off Spitsbergeil (cf. p. 74). The assumption of the existence of 

l this low ridge is, however, based only on a few sotindings. 

The branch of diluted Atlantic water running westwards and l 
south-westwards ill the sea west of Spitsbergen was discussed in the 

preceding chapter. At  the siirface i t  appears to be smaller thait the '  

westward branch in about 75" N. Lat. (cf. Fig. 93), but a t  the deeper 

levels i t  is more conspicuous. As was pointed out above i t  sinks under 

the Polar Current and forms the interinediate warm water-layer. The 

formation of this branch west of Spitsbergen also coincides with an  

elevation or ridge on the sea-bottoin extending westwards from the 

continental slope, off the iiorthern end of Prince Charles Foreland 

(cf. Pl. I). 

North of this ridge there seems to be a sinall vortex or an eddy, 

frequeiitly carrying Polar water in towards the Spitsbergen coast from 

the west (cf. Pigs. 93, Surface, and 106). At  the northwest coriier of Spits- 

bergen, just south of 80" N., another small branch of diluted Atlantic 

water is probably given off towards the north-west and west, dong  

the slope of the Spitsbergen Greenlaild Ridge. The rest of the 

Atlantic water runs towards the north-east, across this ridge, into the 

North Polar Basin. 
The east Greenlaiid Polar Current forms evidently similar siria11 

vortices with eastward branches (cf. Fig. 93). 

The central part of the great cyclonic systein of the northern 





Norwegian Sea is the area where the bottom-water is formed during 

the winter, as will be mentioned in the followiilg chapter; and i t  was 

just in this region that ROALD AMUNDSEN toolc his stations in 1901 

[cf. NANSEN, 19061. The Arctic water forming the surface layers 

of this central area is formed by an intermixture of Atlantic water 

coming from the west (in about 75" hr.) and Polar water carried by the 

Jan  Mayen Polar Current. The salinity of this Arctic water is raised 

during the winter by formation of ice, but is lowered during the 

summer by the melting of the ice again. 

The socalled " Bay-Ice-Bight " (" Bay-Is-Biigta ") of the sealers corre- 

sponds to this central area, or rather to the west-ward branch of Atlantic 

water generally beween 74 and 76" N. Lat.  And the "Ice-Tongue" 

("Is-Odden") of the sealers is probably due to the J a n  Mayen Current 

which carries ice eastwards into a projecting tongue, where, the seals 

(Phoca groenlundica) gather in March in order to bear their youngs, 

and where hundred thousailds of them have been lcilled every year. 

As a rule this "Ice-Tongiie" is iii about 72 or 73" N. Lat. But the 

sealers have found great variations in the position of the "Is-Odde" 

and the "Bay-Is-Bugt" in the different years, and we may therefore 

assurne that  there are variations in the course and extent of the above- 

inentioned currents. 

Fig. 106 represen& the horizontal distribution of salinity a t  100 

inetres below the surface, and the movements in the cyclonic system 

of the iiorthern Norwegian Sea according to our investigatioils. By 
uniting this figure with Fig. 107 (Fig. 39) we obtain a fairly complete 

representation of the cyclonic circulation systems in the southern and 

northern Norwegian Sea, which is probably more correct in detail 

than Fig. 2. 

Cyclonic System of the Iceland Sea. 

W e  have mentioned above that there are probably siinilar cyclonic 

movements in the Iceland Sea, between Greenland, J an  Mayen, and 

Iceland, and that oi ly in this inanner we can explain the wide 

distribiition of the surface-layers of Polar or Arctic water in this 

region. The axis of cold and heavy Arctic water extending south-east- 

wards into the southern Norwegian Sea evidently also belongs to this 
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water, and is more or less formed by an  intermixture of Polar water 

with water originally coming from the Atlantic Current, this mixture 

has acquired a low teinperature by cooling during the winter. As will 

be mentioned in the following chapter i t  is possible that  bottonl- 

water inay be for~ned iii the sea between Iceland and Jan  Mayen, 

which also iildicates that i t  belongs to the central waters of a cyclonic 

systein, because bottoin-water can only be formed where the water is 

fairly stationary, and where there is only a very slow horizontal circula- 

tioii [cf. NANSEN, 19061. But as very few observation-stations have 

been talcen in the Iceland Sea, we can say nothing certain about its 

cyclonic system. 
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XI, The Bottom-Water of the Norwegian Sea. 

Its Distrihutio~z a d  Fo~~n,atio~z. 

T his water with a slearly uslifonn deiisity had, as ineiitioned above, 

already been discovered on our first cruise in 1900. It forsns a 
very important feature is1 the Oceanography of the Norwegian Sea. 

It fills more than two thirds of the volusne of the esitire basin, ancl 

is fousid everywhere below certain depths foi-sning the floor over which 

the warm Atlantic Curreiit, as well as the cold Polar Curreiit (with 

its underlying warmer water) move (cf. Pl. XXV). The characteristics 

of this Bottom-Water are its loto tenz23e~ature, betweeii 0  " ancl - 1.3 " C., 

and its very ulzifol-nz salinity of about 34.92 O/oo, varying perhaps betweeil 

34.90 and 34.94 O/oo. I ts  upper bousidary snay be assunied to be snarked 

ap~~ox ima te ly  by the isotherm of O" C. where the salislity inay vary 

between 34.90 asid 34.94 O/oo (or perhaps even 34.95 Ojoo). The depth 
a t  which this boundary lies, varies isi the different regioiis of the 

Norwegian Sea. It lies os1 the wkiole deepest under the warsn At- 

lasitic Current along the eastersi side of the basiii. Heie the bottom- 

water foi-sns, so to speak, a deep chasinel is1 which tlie warsn cnrrent 

runs. This "chalinel" is shallowest iii the soutliern part of the basisi 

(Pl. XXV, Sect. I). Betweesi Norway asid Iceland i t  is generally about 

600 or 650 metres deep (see Sectioils, Fig. 1 osi Pls. XIVA, XVI, 

XVII, XVIII ,  XX, X X I A ,  XXII ,  XXIVA), while farther north, 

betweesi Vesteraalen and Jan  Mayen (Pl. XXV, Sect. 11) it  is about 

1000 or ecen 1100 snetres deep a t  its deepest, asid off' Be:w Islasid i t  
4 1 
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inay be 900 or 1000 inetres deep. Off Spitsbergen i t  is probably soine- 

what shallomer aboiit 900 and 800 metres, aiid north-west of Spits- 

bergen i t  is still shallower, about 800 metres. 

I n  the regions west of the Atlantic Current the bottom-water 

rises to inuch higher levels; and in the sea north and north-east of 

J a n  Mayen, i t  @ven approaches the surface (cf. Fig. 95, and Pl. XXV, 

Sects. I11 ancl IV), especially in the winter and spring, when i t  fills 

the whole sea in that  region, betweeii the snrface and the bottom, with 

water of a nearly uniform teinperature and salinity.(l) This is the 

region where the bottom-water of the Norwegian Sea is chiefly formed. 

Off the east coast of Icelaild, and between the latter and Jan  

Nayen, the bottom-water freqiiently rises to levels of between 400 and 

300 metres, below the surface, and dniing spring and suinmer, there 

is an  axis extending from the sea east and north-east of Iceland 

northwards towards Jan  Mayeil, where the bottoin-water rises t o  its 

highest levels in this soiithern part of the sea. Tndications of this 

axis are seen in the chart for 400 inetres oil Pl. X I I I  (cf. the iso- 

therm of 0 O C.).(2) 

(1) I t  is l~ossible thet similar coiiditions may al70 at times occiir iii the sea 
between Jaii Mayeii aiid Icelniid [cf. NANSEN, 1906, pp. 70-721. 

(2) This cliart is based iipoii the iiiimerous ol>servaiioiis froill differeiit years, 
aiid has been drawn witli the aim of giviiig. B fairly trustwortliy represeiitation of 
the general featzcres of tllc horizontal distribution of temperature, saliiiity, and deasity. 
TVheii the charts on Pls. 111 to X11 were drawn, souie years ago, sufficieiit atteiitioii 
had uiifortunately iiot beeri paid to these coiiditious. The difference betweeii tlie Polar 
or Arctic surfacc-toaters with temperatures below zero, aiid the bottom water with similar 
low temperatures, but with higlier salinity, was not then snfficieiitly noticed. flleg 
are tzuo entirely di$erent vonters, zuhich hardly ever come in contact zuith eacl~ otlzer, 
os they are separated by a11 iiiterveiiiug layer of wanner water. The isotlierm of 
0 C. is therefore evideiitly dra\vn somewhat incorrectly near Icelniid iii most of 
these charts and i11 some sections. Let us as an example talre tlie Section for May, 
1903, Pl. XXI A, Fig. 1. At thc Danish Station I):& 17  a t  200 metres there was 
observecl a teinperatiire of - 0'12 O C. and a salinity of 34 87 "/,,. This is evideiitly 
cold Arctic water, iii part originatiiig from tlie Polar Ciirrrnt aiid beloiiging to tlie upper 
layers nliout 200 metres thick. (The salinity is probably sornewhat too hiyli, as is the 
case with mang salinities of the Daiiish St,ations of that year, see above p. 32.) It is 
therefore entirely differeiit froin the bottom-water, \~liiuh was foiiiid, for instance, a t  
500 inetres a t  Stat. Da 10, haviiig a temperatnre of - 0'26 C. aiicl a saliiiity of 
34'92 Tliesc two waters were most probably separated by water with a tempe 
ratiire above zero, aiid a salinity aboiit or below 34'90 O/ , , ,  liire the water observed a t  
300 :ind 260 metres, a t  Stat. l)a 10. I t  is therefore iiicorrect to draw the isotherm 
contiiiuously up to 200 metres at Stat. Da 17. The colcl water a t  this depth slioiild 
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Towards the Greenland coast the upper boundary of the bottom- 

water again sinks to form a depression or "chaiinel" for the water- 

masses of the East Greeidand Polar Current, and its underlyiilg 

wariner strata. The depth of this "channel" may be between 600 

and 900 metres, accoi-ding to the observations made dilring the cruise 

of the Belgica in 1905 (cf. Figs. 95, 96). Pl. XXV, Sects. 111 sild IV, 

demonstrate the "channels" of the two ciirreilts on both sides of the 

Norwegian Sea, and the higher levels of the bottom-water in the 

region between them. 

The manner i n  zuhiclz the cold Bottom- Water of tlze Norwegian 

Sea oiiginates has been discussed a t  length in Nansen's recent paper 

[1906, cf. pp. 85 et sep.], and i t  was proved that  i t  is forined a t  the 
f 

sea-sul-face by cooling, conseqiieilt on the radiation of heat from this 

surface, during the winter and spring. It is, in othei words, what 

we inight ca11 a typical winter zuater, carried downwards by an  active 

vertical circnlation through water-strata having nearly uniform density 

between surface and bottoin. W e  consider i t  unnecessary to again 

re-open this discussion here, as, according to our view, Capt. AMUNDSEN'S 

important series of observations from the sea to the north arid north- 

east of J an  Mayen, demoilstrate with all desirable clearness the bio- 

genesis of this peculiar water. There is, however, one interestiiig 

poiiit to which we have some rather iinportaiit observatioiis to add. 

A t  the time when AMUNDSEN'S observations were takeii (June aiid Jiily, 

1901), the typicd cold " bottom-water" with teinperatures below - 1 " C. 

was covered by a top layer of water with a lower salinity and mostly 

with a higher temperatiire (see Fig. 95, and Pl. XXV, Sects. I11 cPs IV). 
This layer was generally inore than 150 metres thick. I t s  occurreiice 

was evideiitly due to the fact that the forination of the cold, heavy 

water, by the cooling of the sea-surface, had ceased soine time ago. 

This cold water was sinking towards a level of eqiiilibriiim a t  greater 

depths, and near the surface, had been replaced by lighter water 

which to some extent had already been diluted by the melting of the 

have been siirrouiided by a separate, closed isotherm of O O (i., whilst the zero-isotherm 
a t  Stat. Da 10, should liare been drawn more or less liorieoiitdly westwards, hardly 
rising nbove the 400 metres line. In the ~ec t ioh  for August, 1003 (Pl. XXII, Fig. l), 
a similar error is made in the isotherm of O 0  C., which shoiild not rise iipwards 
tolvards 200 metres at  Stat. Da. l'i (cf. above pp. 292, 290). 
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ice. Nanseii considered it, however, to be evident that dui-ing the 

previous winter and spring, the cold, heavy bottoin-water must actually 

have reached the sea-surface in this region. The correctness of this 

view is provecl by the previously nientioned (p. 25) surface-observations 

collected froin this region by the captaiils of sealing-vessels. The 

niinleroas observatioiis thus obtaiiied give valliable information con- 

cerning the horizontal distributioii of teinperature and salinity oil the 

sea-snrface in this interesting region during the spriiig and early 

siiinmer. 

Onr description, in Chap. X, of the cyclonic circulation systein 

of the northern Norwegian Sea (Greenland Sea) shows that there is 

a central area in this region, where the water has probably very slow 

horizontal moveinents (cf. Pigs. 93, lOGi), and its renewal takes a coin- 

paratively iong tiine. Owing to the influx of Atlantic water from the 

west, tmhe salinity of the surface-layers of the area is coinparatively 

high. Theie is conseq~iently exceptionally favourable conditioiis for 

the formation of heavy siirface-water by the cooling and the formation 

of ice during the winter. The correctiiess of this assuinptioii is proved 

by all observations taken in the early spriiig. 

As a general rule i t  may be stated that  whenevei, in the months 

of Marcli, April, or the first part of May, observations have been 

collected froin the sea north aiid north-east of J a n  Mayen, (betweeii 

92 O and 75 O N. Lat.  and between 2 "  E. Loiig. and 8 O W. Long.), 

very low temperatures, between - -  1.2 and - 1 . 9 "  C., were found in 

the sea-surface, whilst the snrface-salinity was generally between 34.7 
and 34.9 O/oo. I n  other worcls, the formation of cold, Izeauy Oottom-water 

moas here directly oOser~~ed on the ve7-y sea-surface, as was previoiisly 

expected, and the questio~z of  the process of i t s  formation i s  thzcs Jinally 

settled beyond all dozcbt. 
Valiiable observations of this kind were cspecially taken diiriiig the criiises of 

the "Hekla" and the "CYapella" from March to May, 1901, and of the "Vega" from 

Ilarch to May, 1002. Observations taken dnring the cruise of the "Biz~nlen" in  May 

aiid Jiine, 1903, are also interesting, as they show tliat even as late as Julie lst ,  

temperatures of about - 1'5 C. and a salinity of aboiit 34'78 O/,, may be found in 

76 10' N. Lat. and 1 0 '  E. Long.; and on May 20th surface-temperatures sinking 

towards tlie freezing-poiiit of the sea water, and salinities of ahoiit 34'81 and 34'83 O/,,, 

were observed in 74 35' N. Lat. and 0' 50' E. Long., and in 74 O 55' N. Lat. and 

4 O  0 '  W. Loag. 
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The observatioiis of 

the first tliree c,riiises are 

introdiiced in Figs. 108 and 

109 (cf. also the charts on 

Pls. V & Vl). The observa- 

tions taken ind@penclently 

diiring t,he two crnises of 

the Capella and Hekla in 

March, April, and Mag, 1901, 

agree very well, and show 

that a t  that time the sea 

between 72' ancl 75C 18' 

N. Lat. and betwecn 2O E. 

Long. and G or 8 W. Long., 

was largely covered with sur- 

face-water which Ilad tem- 

peratures generally between 

- 1'26 and - 1'6 C. and 

salinity between 34'8 and 

34'9 O/,,. Only one obserra- 

tion (the Capella on April 

19, 1901, -- 1'4 O C. 34'94 O/,,) 

gave a salinity above 34.9 O/,, 

for cold water with tempe- 

ratiire below - 1 C.  ; but 

salinities as high as 34.87 

and 34'89 O/,, for this cold 
Fig. 108. Siirface-Ol~servations in Merch-May, 1901, 

surface water, were (lilite 
of the Capella, Hekla, Jasai, Hvicljisken, and 

common in the series of Heimdal. Single hatching indicates salinities 
observations of both ships. above 35'00 ,/,o, broken hatching between 34'90 
The thermometers have and 35'00 '100. 

evidently been read off 

somemhat roughly doring these cruisrs and t.he temperatiire-vallies caniiot therefore 

be considered as being very acciiiate. The water-samp1e.s were broright home on small 
mediciue l~ottles with cork stoppers. There may have been some evaporation throrigh 

the cork-stoppers, and the Iiigh salinity found in some cases may be thiis explained. 

The water-samples may, on the whole, have had a tendency to give somewhat too 

high salinities, for the same reason. That has evidently also been the case to some 

extent in the following year (the water-samples of the Vega). 
The observations of the vega during March, April: and Ntay of the followiiig 

year, 1902, in the same region, give on the whole higher salinities, freqiiently 

aboiit 34.96 or even 34.97 O/,, (which are probably somewhat too high) with very low 

temperatures, eveu - 2.0' C. (which should evidently be aboiit - 1'8 or - 1'9 O C.). 
The sea-siirface may possibly have been colder in  tlie spring of 1902 than in the 

previous spring, ancl there may have been a more rapid ice-formation to inerease the 

salinity of the surface-water. 
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Fig. 109. Surface-Observations, Marcli-Ilag, 1902, of the 

The principal features 
of the course of the iso- 

haIines and i~ot~herms on 

the sea-siirface are, however, 

faidy similar in the  two 

years. I n  botli charts 

there is an  especially con- 

spicuoas area to the iiorth- 

east of Jan Mayen, aboiit 

72 O N. Lot. and the  Meri- 

diari of Greeiiwicli, where 

the salinities are very lomr, 

belov 34'8 O/,, and eveii as 

low as 34'41 and 34'35 O/,, 

(April, 1901). This i s  

evidently Polar water car- 

ried by thc  Jan  Mayen 

Polar Current which riilis 

eastward in tilis regioil of 

tiie sea, between 71 and 

74 N. Lat., (cf. above 

p. 319), and joiiis the  cyc- 

lonic circnlation rouiid the 

central area of heavy water 

mhere the bottom mater i s  

generally formed. 

Vega, Hvidfisken,, and Heimrlal. Sirigle liatcliiiig In  the chart of 

indicates salinities ilbove 35.00 '/,o, broken March-May, 1902 (Fig. 
hatching betweeii 34.90 aiid 35.00 @,'O@. 109), thc corirse of this 

ciirreiit is neatly demon- 

stiated by the isohalines of 34'80 and 34'90 '/o0 based up011 the observations of 

the  Vega and Hviclfisken; bu t  there were comp:iratively few ohservations and the  

eqnilines liave conseqiieiitly got very regiilar shapes (cf. above p. 128). In  March 

-&%ny, 1901, tliere \vere many more observations, the isohalines have coiiseyiieiitly 

miich more complicated shapes in Fig. 108. A very conspicuous feature that  

year, i n  March, are two tongiies of water with high salinities(1) aiid high tem- 

peratures (2.6' and oven 3'0° C.) extending far northwards in the region west of 

J an  Mayen. Between these two tongues there Tvas sri apparently isolated patch of 

water with saliiiities as low as 34'60 and 34.35 ,/o,. We consider it proaable that  by 

some kiiid of disturbance the warm Atlantic water lias been carried some distaiice 

northwards across the cold waters (mith low salinities) of the Jan  Mayen Polar Curreiit. 

(1) The saliiiities observed, 35'22 O/,, aiid 35.26 are hardly possible i n  this 
region, and the values are probably too higli. Errors may have been canse(1 by 
evaporation through the cork stoppers of the bottles on which the water-samples 
were bronght home. 
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Aiiticycloiiic vortex-movenieiits may also have been fornled. The observations of the 
Jasai and Hviclfislcen farther east give comparatively low salinities in  May that  year, 

and seem to  indir:tte tliat there was comparatively little Atlantic water i n  that  regioii. 

North of the  waters of the Jan  Mayen Curreiit a tongue of water with higher 

saliiiities exteiids far westwards. Tliis is  the west\varil braiich of the Atlantic Current 

(in about 75 O N. Lat.) wliich mas meiitioned iii Cliap. X (p. 316). Iii March, 1902, 
the  temperature of this tongoe mas very low, itbout - 1.9' C. The saliiiity was 

about 34 96 and 34.97 O/,,, i f  the values are not somewhat too high. At that  tiiiie 

'Lliottom-water" w a ~  conseyueiitly rapidly beiiig formed in this tongne. 

011 April 11, 1902, an interestilig observation of - 2' C. (shoald be somewbat 

higher) and 34'91 O/,, was taken on the surface in 69 O 8' N. Lat. aiid 11 45 ' 
W. Long. Provided tliat this observation be appioximately correct, it indicates that  

"bottoin water" inay also be formed in  the sea betmeeil Jan  Mayen and Iceland, the 

probability of which Nansen had previoiisly [1906, pp. 70-721 assumed, judging from 

two vertical series of temperatures taken by RPIIER in  Juue, 1891, and some obser- 

vations takeii during the &?golf Expedition. 

It will thus be seen that where the conditioils are favourable, 

the bottom-water of the Norwegian Sea is formed a t  the sea-surface 

by the radiation of heat, diiriiig  vinter and spriiig.(l) The process may 

to soine extent be assisted by the forination of ice which gradually 

increases the salinity of the siirface-strata, these having been diluted 

during the suminer partly by tlie admixture of Polar water from the 

Polar Cnrrent, and partly by the melting of ice. But on the other 

hand the formatioil of ice where the ice-cover remains, will greatly 

retard the cooling of the underlying waters by preventing them from 

coining to the surface, and being diiectly exposed to the radiation of 

heat,(2) The most effective cooling aiid most rapid formation of 

bottom-water, mrill therefore take place where the salinities of the 

(1) Professor O. PETTICRSSON has suggested [l9041 that  the typicd "bottom-water", 
of aboiit - 1.2' C. aiid 34'90 O/,,, a t  deptlis between 100 and 2000 metres, a t  
BMIJNDSEN'S Stntioiis 13-23, iii tlie sea iiortli of J an  Mayen, inight be Polar mrater 
coming with tlie Polar Cnrrent from the North Polar Basin. Even i f  tlie iiupossibility 
of this hypothesis had not beeii proved hy seveial facts alrcady knowil [cf. NANSISN, 
1906, p. 88, and Sectioiis V, VIII, and IX, Pls. VII-X] the numerous ohservations 
made in  the sea to tlie north of AMUN~SEN'S region during the expeditioii of the 
Duke of Orzr,~lkivs, in the summer of 1905, prove witli final certainty that  iio rilireiit 
of the description stiggested hy PETTERSSOX, exists (cf. Fig. 93). Everywhere to the 
north and north-west of the region of Amundsen's Stations 13-23, a tliick layer of 
coniparatively warm water was found uiiderlging the top layer of cold aiid less saline 
Polar and Arctic water. [See HEI,LAXD-HANSICN and I~OEFOED, 1909.1 

(2) The cooling of the  underlying water will also be retarded by the disengage- 
ment of Iieat dnring the freezing-process, but  tliis is  iiatiirally of less importance. 
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surface-strata have been raised to about 34.9 O/oo and where an active 

vertical circulation keeps the sea open, preventing the surface-waters 

from being cooled to their freezing-point and thus being covered with 

ice. It is evident that the wind may also be of importance in this 

respect by breaking the ice, and carrying i t  away so that  open places 

are formed where the water-surface may again be directly exposed to 

the radiatioil of heat. In this inaiiner the sea-surface inay be swept 

open iii areas where the surface-strata in the beginning of the winter 

had such low salinities that inuch ice had to be forined before a 

sufficieiltly high salinity, of nearly 34.90 O/oo, could be produced, 

enabling the vertical circulation to break through the less saliiie top 

layer aiid reach down to the bottom-water. 

It is evident that the cooling of the underlying water caused by 

the contact with the underside of the ice, cannot be so effective as 

the cooliilg caused directly by radiatioii from the surface; biit on the 

other hand, where the ice descends below the surface-strata, water 

may be cooled to the density of the bottoin-water in this maiiner, even 

where the surface-water has a lower salinity. 

W e  can only expect to find the above conditions, necessary for 

the formation of the bottom-water of the Norwegian Sea, near the 

eastern margin of the East Greenland Polar Current, especially in the 

sea between J a n  Mayen and Spitsbergen (and perhaps occasionally to 

soine sinall extent also in the sea between Jan  Mayen and Iceland), 

where the cooling of the sea-surface during the winter is sufficiently 

effective, and where the sea-water does not contain too great a 

cpantity of heat beforehand, and has a siifficiently high salinity to 

enable the vertical circulatioil to reach down to the necessary depths. 

For this piupose i t  is evidently also of importance that the cooled 

water is not cai-ried away by a too rapid horizontal circulation, but 

remaiiis fairly stationary, so that  the vertical circulation is not too 

much disturbed by wariner or lighter water coining in from the sides. 

W e  inay expect to find the most favourable coiiditions in this 

respect, in the central area of the northern cyclonic moveinent of the 

Norwegian Sea, between J a n  Mayen and Spitsbergen; for the water- 

masses of this central region are probably inore or less stationary, 

having very little horizontal movement. This area is approximately 
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indicated by the closed isotherin of - 1 O C.  and the isopyknal of 28.10 

In the charts for 300 and 400 metres, Pl. XI I I ,  see also Figs. 93, 
108, on pp. 283, 318. 

It is clear that  the density of the bottom-water of a deep sea- 

Isasin, like the Norwegian Sea, must deterinine the limit to whieh 

the density of the surface-water of the same sea may be increased. 

If  therefore the surface-strata be cooled down towards their freezing- 

point, the increase of their salinity, by the formation of ice, cannot 

go on beyond the moment a t  which the surface-water has attained a 

density slightly greater than that  of the underlying bottom-water, 

when i t  innst sinli towards the bottoin. But as the density of sea- 

water alters only slowly with changes of temperature aboiit or below 

- 1 O C., tile necessary density of thi.7 cold sinking water, forming the 

bottom-water, nzust chiejy de23end on its salinity, which must consequently 

become more or less constant and zcngorm, wherever or zoheneuer this 

hind oj' water i s  formed i n  the deep Norwegian Sea.(l) Thus i t  is 

easily seen that  whether the bottom-water be formed by the sinking 

of cold surface-water to the north of J an  Mayen, a t  different 

places, or perhaps between J a n  Mayen and Iceland, i t  must 

always acquire very nearly the same sdinity. It will als0 be easily 

iinderstood that  the salinity and density of the bottom-water of the 

Norwegian Sea inust be nearly uniform, and cannot ehange much 

from oae year to another. Even if the physical conditions on the 

siirface of the sea change in the course of time, a very long period 

must elapse before this can produce much difference in the salinity 

and density of the bottom-water. If, for instance, during one year 

or during a period of years, the climate is much colder, thus lowering 

the temperature of the sea-surface, this will increase the quantity of 

sinking surface-water formed during the winters, but will not greatly 

change the salinity of this sinking water, nor necessarily make its 

temperature appreciably colder. If,  on the other hand, the salinity 

of the siirface-water be changed, this will not greatly alter the salinity 

(1) In  shallow enclosed seas, like the Bereiits Sea, or over the coiltinental 
shelf, i£ there is a slow horizoiital circulatioi~, it  may be different, and the heavy 
minter-water or bottom-water formed there may vary much, and may become 
exceptionally heavy where ice is forined, e .  g. in the eastein Hareiits Sea [cf. 
NAKSEN, 19061. 

42 
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of the sinking water, but will chiefly have an influence upon the 

quantity formed; an  increase of the surface-salinity tending to 

increase the quantity of sinlcing surface-water, while a decrease will 

have the opposite effect. 

The Salinity and Speci$c Gravity of the Bottom-Water. 

The numerous samples of the cold bottom-water of the Norwegian 

Sea collected in bottles with patent india-rubber stoppers during the 

cruise in Jilly-September, 1900, were examined by Nansen's assistant, 

Cand. Eeal. JAKOB SCHETELIG, who determined their specific gravity 

by means of Nansen's IIydrometers of Total Immersion (see above, 

p. 66). The constants of the instruinents employed had been deter- 

inined some by Nansen (the hydroineter principally used) and some a t  

the Pkysikalisch-Trchgzische Reichsa~zstalt in Cl~ar.lottenh.urg (some hydro- 

meters from C. RICHTER, Berlin, used for control). Several determina- 

tions were generally made of each water-sample, and special care was 

taken to keep the teinperattires of the sarnples as equable as possible 

during the observations [cf. SCHETELIG, 19011. It is therefore to  be 

expected that  the values of specific gravity obtained should with few 

exceptions be accurate to within oiie unit of the fifth deciinal place 

(i. e. within 0.01 of bo). The results of the determinations are given 

in the following Table (pp. 332 & 333). 
The specific gravity (a,) of the deep waters (from deptlis greater thaii 1400 metres) 

varies in tliese observations as a rule between 28.06 and 28'07, and in some cases- 

Stations 29 (1530 metres) and 65 (1650 metres)-it eveii reaches 28'08. The salinity 

of the deep bottom-water should consequently vary between 34'91 O100 and 34'93 ' / o 0  

or even 34'94 O/oo.  The observations show no certain regularity in these variations. 

The lowest values (28'06) of the deepest bottom-water were found at Stats. 9 and 9 A  

(north of the Færoes), and Stat. 34 (east of Jan Mayen). The highest values (28'07 

and 28.08) \vere found at  Stats. 29 (near Jan iitayeii), 43 (between Vesteraalen and 

Jan Nayen), 46 (off Vesteraalen) and 65 (towards Bear Island). Medium values (28'06 

and 28.066) were foiind at  Stats. 8, 18 (between Iceland and Jan Mayen), 64, and 68. 

There iuay thus possibly be some tendency towards lower valries along the southern 

and western side of the basin, a t  Stats. 9, 9 A,  10 (about 28'055 at  600 and 600 metres), 

18, and 34 (for sitliation of stations see Pl. 111) and higher values along its eastern 

side a t  Stats. 7, 47, 46, 43, aiid 66. The excsptions to this are Stat. 29, off Jan 

Mayen, where the values are compamtively very high, and Stats. 64 and 68 where 

they are low. In the vertical series, a t  the various stations, the rule is that the 

specific gravities of the bottoin water are Iiigher in the higher strata with higher 
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temperatures tliaii in the deeper, colder strata. At depths bet~veen 600 and 1000 metres, 

a, was as a riile between 28.065 (34'93 O/oo) and 28'08 (34'94 Oioo). The lowest values 

at  these depths were observed along the soiithern and westerii sides of the basin, a t  

Stats. 7, 8, 9, 10 (28'055 or 34'91 '/OO), 17 (28'05 a t  400 metres), 18, aiid 34; mhile 

Stats. 43, 46, 47, and 64 have high ralues (28 08 and 28'07). At Stats. 19 and 29, 

near Jan Mayen, the valiies were also comparatively high (28'07 aiid 28'076). 

The Chlorine (Halo,qen) of tlie greater part of the samples was determined by 

Mr. I. IAEIVESTAD by Titratioii (Mohr) in the autumn of 1901. These determinations, 

though carefolly made, cannot be considered very acciirate, especially as the samples 

(which were kept on bottles ~v i th  patent illdia-rubber stoppers) har1 been used often 

several times before (during the previons winter and spring), for the determinations 
of the specific gravity, and some evaporation of the water liad talren place.(l) The 

salinity compnted (by Kniidsen's Tables) from the valiies of chlorine thus obtaiued, 

are therefore probably somewhat too high on the whole. They are given in a special 

column iii the Table. In  anothei coliimn are also given the salinities which Hellaiid- 

Hansen found by the titration of special samples taken simultaneously from the same 

depths, and brought home on small medicine bottles with cork stoppers. The salinities 

obtained by LEITESTAD'S titrations vary very irregularly between 34'92 (ill a few 

cases even 34'91) and 34'96 O/oo. These variations are evidently to some extent diie 

to inaccuracies in the observations. 

Helland-Hansen's titrations give more iiiiiform salinities, especially for the 

samples talren during the latter part of the cruise, efter Stat. 34. These samples were 

examined two or three weeks after they had been talren, and there conld not have been 

any appreciable evaporation throiigh the corks of the glass bottles in the mean time.(2) 

There have undoubtedly been some variations in the amount of chloriiie (halogen) 

contained in the samples of the bottom-water; but we see nevertheless that by far 

the greater number of the titrations of samples from the deepest strata hare given 

values rorresponding to 34'93 and 34'94 O/oo of salinity. 

Accorcling to these observations (if they are sufficieutly correct) it  thus seems as 

i f  the amoiint of chlorine in the bottom-water of the Norwegian Sea might vary less 

than its specific gravity. The ileterminations of the samples from Stats. 29 and 19 

form strange exceptions, their salinities, obtained by Helland-Hansen's titrations 

being comparatively high (about 34'96 and 34'966 O/,,; a t  Stat. 29, 1300 metres, i t  

mas 34'94O/,,). I,EIYESTAD'S titratioiis also gave fairly high valiies at  thesc stations, 

althougli not so high on the whole. The specific grevities, found for the same 

samples are also comparatively high (28'07, 28'076 and 25'085); and i t  thus seems 

probable that the cold bottom-waters at  these stations have actually had compara- 

(1) The standard water used for coutrolling the titrations had been made by 
Mr. SCXETELIG, and determined with the Kydrometer of Total Immersion [cf. NANSEN, 
1906, p 91. 

(2) HELLAND-HANSEN'S samples, talreil diiring the earlier part of the cruise, 
Stats. 7 (July 23) to 19 (August 7) had heen kept a longer time, between four and 
five weeks, before the titxations were made at  the end of August, 1900; and there 
is a greater possibility of evaporation through the corks in the case of these samples 
[cf. NPNSEN, 1901, pp. 139-1421. 
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(compnted 
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[28.120] 
'108 
'112 
'112 
. l27 

'061 
'082 
. l05 

'043 
'049 
'091 
'095 
'096 
.O97 

098 

'066 
'082 
'087 

.O56 

'042 
.O99 
'101 
'104 

.O58 

.O73 
'092 
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S-S' 

+ 0'015 
- O O 1  

+ .O3 
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+ '03 

+ .O2 + '036 
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+ '032 
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and 

Date 
1900. 

7 
J u l ~  23, 

1900. 

8 
JulY 24, 

1900. 

9 
JulY26, 

1900. 

9 A  
July  27. 

10 
Jn ly  28, 

1900. 

17 
Aug. 5. 

l8 
Ang. 6, 

1900. 

19 

Sea, Jzcly-Sept., 1900. 

S O100 
by Titration. 

Water of tlze ATorwegian 

Hydrow~eter of Total 
Irnrnersion. 

Observations of Bottom- 

Locality. 

63' 6 ' N .  
2 o 46' E. 

63O 51 'N.  
l o  14 '  W. 

63' 58 'N .  
6 0 2 Z f W .  

63' b3 'N.  
7' 24 'W.  

64O 5 3 ' N .  
10' O '  W. 

67' 28 'N.  
14 30' W. 

6 g 0 9 ' N .  
120 0 ,  W. 

70' 35 'N.  
Aug. 7. 

Helland- 
Hansen. 

34'96 

'94 

'96 

'94 

.95 
'92 

[35'14] 
34'948 

'948 
'94 
'93 
'93 

'94 
'94 

[35'02] 

.g57 

.g57 

.g66 
'967 
'95 

'95 

- 
60 

28'065 
'066 
'065 
'08 

.O7 
'065 
'065 

'06 
'04 
'066 
'O66 
'05 
'O5 

'05 

'O5 
'0.53 
'055 

.O5 

-065 
'065 
'06 
'06 

'07 

Depth 
in 

Metres. 
Leivestad. 

34'93 

'92 

.93 

.94 

.96 

.96 

.94 

'91 
.95 

'91 
'94 
.95 
.95 

S' O/LO 

34'925 
'926 
'925 
'94 

'93 
'925 
'925 

'92 
'89 
.g25 
'912 
'905 
'905 

'905 

'905 
'909 
.g12 

'905 

'925 
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'918 
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'930 

Temp. 
i ~ b  sitt'. 
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'94 
'07 
.O7 11 10 '  W. 1 BY 9 3 0  9 6 6  

'930 ,957 
- 0'06 
- O 45 

- 0'51 
700 - 0'92 l 800 
860 
910 

600 
800 

1450 

400 
600 
800 

1200 
1400 
1800 
2030 
2100 

400 
500 
600 

400 

600? 
1000 
1300 
1500 

300 

- 1.01 
- 1'04 
- 1'05 

0.17 
- 0'35 
- 0'84 

0.31 
- 0'16 
- 0'54 
- 0'86 
- 0'94 
- 1.02 
- 1'04 
- 1.05 

- 0'33 
-- 0'60 
- 0'68 

- 0'13 

0'41 
- 0.72 
- 0'86 
- 0'95 

0'22 
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Aug. 7. 

29 
Aug. 9, 

1900. 

34 
Aug. 10, 

1900. 

43 
Aug. 11, 

1900. 

46 
Aug. 13, 

1900. 

47 
Aug. 14, 

1900. 
84 

Sept. 6, 
1900. 
65 

Sept. 6, 
1900. 

68 
$9 

1900. 

(1) The water-bottle had struck the bottom and there was much mud in the sample. The values of specific gravity obtained were 
therefore much too high. 
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?!l8 
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'905 
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'930 
'930 
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34.98 

'942 
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[35'02] 
35'04 
34'930 

'930 
'97 
.94 
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.92 
,906 

'92 
'93 
'93 
'92 

.g30 

'96 

'92 
'93 

'92 
'956 

Mean A 

'966 
'948 
'94 
'93 
'94 
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'930 
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'94 

'93 
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'94 
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'94 
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'93 

35.08 
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'94 
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.O0 
'012 
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'O0 
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'00 + .O1 
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35'08 
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tively high values of specific gravity and chloriiie. There are moreover less differ- 

ence between the valiles of salinity obt,ained in the two different ways. The samples 

of bottom-water from Stat. 18 show by titrations a similar tendency towards high 

salinities, mhile their specific gravities are somewhat loiver (28'06 and 28'065). 

If we assume that i t  is practically the same bottom-water, with 

very nearly the same origin, which fills the Norwegian Sea a t  all 

great depths, say greater than 1300 metres, the above observations 

would seem to indicate that, as a rule, this water keepsits amount of 

chlorine fairly colistant, whereas its specific gravity is sornehow changed 

during its circulation in the basin. 

What the cause of these variations in  the deep strata of the sea,-if they 

really exist and are not due to errors of observatio11,-might be, it is difEcult to 

decide before special investigatioiis have been made. I t  is possible for instanee, that 

the amount of lime may vary. Where there is an abundant planlrton life, with 

innurnerable organisms forming calcareous shells a t  intermediate depths, the amouiit 

of lime in the sea water may be somewhat reduced, while on the other hand the 

bottom-water a t  other places, especially at  great depths, may have its amount of 

lime increased by lime dissolved from the bottom, or from shells sinking down from 

above. In this manner sligth variations may be caused in the specific gravity of 

t;he sea-water, and in the ratio between chloriiie and specific gravity. This ratio 

may d s o  be altered by variations in the ratio betweeii the sulphates and clilorides 

of the sea-water, such as is produced wlien sea-water freezes at  temperatures lower 

than - 8O C. The freezing of the sea vater d 6 0  inflnences the ratio betweeii lime 

and the total amount of salt. Changes of this kind can naturally only take place 

near tlie sea-surface, but they may be of some importance for the composition of the 

salts of tlie cold sinking surface-water, forming the bottom-water. If the bottoui- 

water be formed at  the surface while ice is formed, espevially at  low temperatures 

(below - 8O C.), one might expect t,hat the sinking water would contain an amount 

of chlorine which is slightly greater than the normal. But i f  this water be formed 

in regioiis where much ice, previously exposed to low temperatures, has melted, or 

where the brine of such ice has been washed out, i t  is tlieii possible that its amonnt 

of chloriiie mag be slightly smaller than iiormal, wliile i t  contains a slightly larger 

amount of sulphates and carbonate of lime than usual. 

It is a striking fact in the above series of observations of the 

bottom-water of the Norwegian Sea, that the values of the salinities 

obtained by the titrations, not only those of LEIVESTAD, but als0 those 

of HELLAND-HANSEN, are on the average slightly higher than the 

salinities computed from the specific gravities, the mean difference 

being 0.015 O/oo. It is, however, possible that these higher values given 

by the titrations might be due to the evaporation of water from the 

samples before the titrations were made (see above). 
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I n  order to make more accurate determinations of the bottom- 

water of the Norwegian Sea, we had a number of water-samples 

from the deeper strata, collected during the cruise in May and June, 

1904. Unfortunately these samples were take11 from no very great 

depths, the deepest sample being froin only 1800 metres, and from 

no strata of bottom-water with vei-y low temperatures. The greater 

nuinber of sainples were from 600 metres only, and the temperature 

i f z  situ was in  most cases above - 1 " C. This collection of sa~nples 

is not tlierefore yuite comparable with those of the above table, taken 

in 1900. 

All the sainples were lcept in old bottles (well washed by previous 

use) with patent india-rubber stoppers. The samples were exainined 

a t  the International Central Laboratory in Christiania, during the 

autumn of 1904, and the wiilter of 1904-05. 
The specific gravity (ao) \vas determined by Hydrostatic IYeigliings, by NANSEN, 

Dr. V. WALFRID ERMAN, and Mr. JAKOB SCHETET~IG. Severnl hydrostatic weighings 
were made of each sample, especially niilnerous of tliose from the greater depths. 

Some samples were also repeatedly examined on different days. The meau values of 

each series of observations are given in the followiiig Sable. 

The specific gravity of six saniples were deterinined both by Nansen aiid by 

SCHETELIG, but the values of a, obtained by the latter is, on the average, 0'007 

higher. This is evidently due to the fact that SCHETELIG used anotlier glass body (11) 

of immersion for his determinatioiis. Nanseii generally used glass body No. I, but 

on a femr occasions he used the same glass body as SCIIETELIG, and als0 obtained 

higher values. 011 two occasioiis ERMAN and Nansen made determinations of the 

same samples. In the one case (Stat. 21 A), when they both used the same glass 

body as SCHETEI~IG (NO. II), the values obtained are almost identieal (differiny only 

0'0006); while in the other case (Stat. 16 B) ERMAN'S value is 0'011, lower thaii 

that of Nansen. On this occasioii Nansen used glass body No. 11 while Ekman 

used No. I. The explanation is evidently that the voliime of the two glass bodies 

has not been determined with equal accuracy. Judging from the values of the 

specific gravity obtained by the different determinations, we Iiave received the im- 

pressioii that the glass body No. I, chiefly iised by Nansen, has given the more 

correct values. These observations are marked with an asterisk in the sixth co- 

lumn of the following Table. The letters after the valiies in tliis coliimn mean: 

S that the observations were made by SCHETELIG, E by E ~ c n f a ~ ,  and N hy NANSEN. 

After the hydrostic weighings had been made, the chlorine (halogen) of seven , 
samples, of which a sufficieiitly large quantity remained, were determined by Dr. 

J .  J. FOX by Volhard's method of titration.(l) The results of these determinations 

(l) In  a communication to us Dr. Fox states that the probable error of these 
analyse8 is betweeii 0.002 and 0.005 '/o" Cl., or betweeii 0.004 and 0.009 O/oo salinity. 
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Observations of Bottom- Water  of the Norvuegian Sen, M a y  & June,  1904. 

Sta- 
tion. 

62" 26' lo OO'W. 

62' 43' lo 47' » 

63' 16' 3O 11' 

63' 32' 4' 18' 

64' 02' 02' n 

66' 09' 8' 04' 2 

66' 07' 8O 51' 

67' 27' 10' 10' n 

67' 36'12O 18' n 

67" 48' 7O 39' n 

67' 48' 4' 64' n 

67' 44' 2O 06' » 

67' 40' 0' 12' E. 

67' 30' lo 65' n 

67' 21' 4' 07' » 

67'12' 6' 22' r 

Depth 
i 11 

Met- 
rBR. 

Hyclrostatic Titration. 
t o  C. Weighing. 

in s i k .  

- 0'16 28*0806(S) 

- 0'31 '0745(S) 

- 0.18 .o71 (S) 

- 0'44 '076 (S) 

- O d *  0775:N) 

- 0.14 ' '083 (N) 

0.08 .O86 (S) 

- 0'43 ,079 (R) 

- 0.48 '080 (S) ) .g44 
.O82 (E) 

.905 T '321 v 
- 0.79 '073 (N) '933 { ,903 .32 

- 0'53 '076 (S) .936 .913 .326 

1-0.74 .or8 (sl1 9 2 1  / 3 3 0  
- 1.34 '069 (N) / 1. .068 ( @ l )  .9221 .921 1 .33 

- 0.46 -074 (5) I 0.6b .O84 (S) / ::::I 1 316 

0'36 '077 (N) / 1 1) 9421 
.O39 / 3 4  

.O82 (H) 

0'46 ,088 (Y) 1 
I 

,961 ,930 "336 - .O21 '062 
,087 (R) j 

2'62 '107 (S) ,976 27'928 

3'74 '140 (8) 35'014 '846 

'084 (N) ""l 0834(E&4'9488/ '967 1 '350:l) 1 + .O09 1 '074 l 
' 9 2 4 ~  '332 v - '046 T, 

1-30 * 1 0 2  (N) .g70 ( 9 3 9  .o31 28,021 

- 0 O S )  9 3 j  9 2 4  1 :;i2 0 1 2  1 1 2 1  I 
(1) Hydroststic Weighings had been performed 3 t imes wi th  this  sample before t h e  

chlorine determinatioii. 
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Observutions of Deepest and Colilest Botiom-lVottir, May d? J~hne, 1904. 

(1) EICMAN'S determination of this sauiple was only made by a few weighiiigs. mTe 
have therefore used Nansen's detoriiiinatioiis with the glass body No I1 aiid rednced his 
vnlae of a, by 0'007. 

43 
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are given ill tlie 8 th  and 9th colurniis of the  table (aiid are marked with a v). The 

values of saliiiity thus  obtaiiierl are, with only one exeptioii, remarkal>ly lo-cver thaii 

those coinpiited from the  liydrostatic weighiiigs. Iii oriler to  ha re  this strilriug diffe- 

reuce furtlier testeil, tlie ainount of chloriiie iii the  same samples, as ve l l  as in a 

nilruber of the  otlier samples, was also determiiied b y  titratioii accordiiig to Mohr's 

method. The analyses were rilostly made by Miss Dr. STEPIIAXSBN aiid a great iilaiiy 

by  Dr. Fox. Dr. Fox coiisi(1ers tlie values obtained by tliese titrations (given iu the  

Table) to  be  very roliable; tliey are t he  menus of froiri 3 to 6 coiicordailt deteriniiin- 

tious. Of the  foiir saulples fro111 Stats. 1GB (600 aud 800 metres), 17A (600 iiletres), 

a11d 23A (600 metres) a still larger iiiimber (5 or 6) of coiicordaiit cletermiiiations 

were made, ond Dr. E'ox believcs tlint tlie meaii raliies obtaiiied are «absolutely cor- 

rect to ~vithii i  0'005 O/oo C1.n (i. e. t 0.009 '/no salinity). Wliere no 7) is  adiled to  

t he  vsliies of the  8 th  aiid 9th coluiiin tliey have beeil obtained by tliis inethod. 

It nppears to  11s probable tliat tlie values of salinity ttius obtained by Molir's 

metliod nre more acciirate tEian tliose by Volliard's; but  eveu the former, a i t h  oue 

exceptioii, are lower thaii those coii~puted from tlie specific gravity. 

Tlie iuean differeiice I>et~veeii tlie salinities ol>taiiietl by titratioiis niid those 

coinputed from the  liydrostatic weigliiiigs is 0.027 O/oo, wheii Vollinr<l's metliod mas 

iised, and 0'021 '/o0 wlieii Molirs inetliod was used for tlic same sailiples. The iueoii 

differei~ce ofi a11 observations i s  0'022 O/oo. 

The titrations (hotli by HELLAND-~'IANSEN aiid by I~EIVI~STAD) of the  sainples 

of l~ottom-water from the  erriise of 1900 gave, as n rule, highcr saliiiities tliaii t he  

deterii~iiistioiis of sprcilic gravity. As i t  is  hardly probal~le tha t  tliis differeiicc be- 

tweeii tlie determinatioiis of the snmples froin the  t ~ v o  ycnrs is  dile i o  a difference 

i u  tlie coinposition of tlie sainples theinselves (ratio between C1. aud a,), wc must 

concliide tliot eitlier the titratioiis of tlie saniples froin .ruly-Sept. 1800, have given 

comparntively liigher ralues of salinif?~ (:&bout 0'0.3 O/oo) tlian tliose ol>tained for tlie 

samples of May and Julie, 1004, or the  deteriuiiiatioiis of tlie specific g?-avities of the 

fornier miist liave giren coniparatively lower raliies than tliose of the lutter. 

Let iis first compare the  specific gravities foiiiid for the  two yea,rs. I t  is iin- 

fortuiiate tha t  oiily five samples were takeu froiii fnirly deep strata with low tein- 

peratures (near - l O C.) i11 1904; aud il is therefore harclly possible to malcc o trust-  

wortliy compnrison betweeii the ssmples of the  two years, as the coiiditioiis are 

evide~itlg inore variable in tlic liiglier strata of the sea, abont 600 metres, thau in 

tlie (leeper and colder strat:~. 

W e  will take the valiles of 60 foiiiid by Nailsen's deterininatioils of 

the follr coldest sainples froin 1904 (see secoiid Table p. 337). Tlie fiftli 

salilple froin Stat. 22, 1200  net tres, wns deteriniiled by SCHETELIG. W e  

have seen above that his values of 60 are on the average 0.007 higlier 

thaii tliose of Nansea, arid we will therefore reduce them by that  

ainonnt. A sixth sainple froin 1250 (Stat. 64) inetres rnay be aduled, 

bnt the teinperatllre was here higlier, aiid we also 617d greater differeiice 

betmeeii titintion ailcl hydrostatic ~veighing. 
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The three Stations 16 B, 15, and 64 are on the western side 

of the Norwegian Sea, east and north-east of Iceland, while 

Stats. 22, 28 A, and 37 are on ist eastern side, along the con- 

tinental dope off the Norwegian coast. The aiean difference be- 

tweeil the two series of salinities a t  the first three stations is 

- 0.007 O/oo (or if Stat. 64 with a higher teinperature be left o~ i t ,  

l 
- 0.004), and a t  the last three Stations -0.008 O/Oo, which amount 

the salinities obtaiiied by the Mohr Titrations are lower than those 

coinputed from 60. These observations consequently indicate no marked 

difference in the ratio between C1 and bo in the bottoin-water oil the 

western and easterii side of the Norwegian Sea, as tlie exainination 

of the sainples from the summer of 1900 seemed to indicate. 

I n  the following Table those observations of samples from 1900 

have been chosen, which will best correspond to the above observa- 

tions of 1904 as regards locality, depth, and temperature. The iiumbers 

of the stations of 1904 are printed in italics. 

The observations of specific gravity (bo) from 1900 in this Table 

are on the whole somewhat lower than those from 1904, the inean 

difference between thern being about 0'003 of 60. This is no grcater 

difference than may be due to inaccnracy of determination. 

The sainples talceil froin the deepest strata with the lowest tern- 

peratiires (about or below - 1 " C.), in July-September, 1900, (see 

Table, p. 332) give, on the whole, very low values of 60 (generally 

aboiit 28.05, 28 055, and 28.06). These valiies are lower than those 

found, everi for the deepest and coldest water-saniples in 1904; biit 

the vertical series of observations frorn both yedrs indicate that the 

specific gravity of the bottom-water has a tendency to decrease 

slightly witli increasing depth aiid falling temperature [cf. HELLAND- 

HANSEN and I<OEPOED, 19091. The values of 60 for the great depths 

examined in 1900, may therefore be expected to be comparatively low, 

i although the values of 28 05 seem to be sornewhat too low. 

Tlie salinities of the bottom-water obtaiiled by titration are in all cases lzi,qlter 
in the samples from 1900 thaii in tliose from 1904. If the means of al1 titratioils, 

made by HELLAND-HANSEX aiicl LI~IVESTAD, for esch station of 1900, giveii in the 

l abo1.e Table (p. 332), be compared with those for the corresponding statioiis of 1904, we 

l fiud a meaii differeiice of 0'029 O/ao. I t  is hardly possible tliat this great differeiice 

l cail bc due to variations i11 tlie actiial salinity of tlie bottom-water of the two years, 
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Conyr~risons betzceen Observations of Colcl Boftom- Water faken z n  1900 and 1904. 

I I 1 I / Titrations S Oi'oo I I 
Depth 

t o  C. 
- 

Mean A 
Stations. in b o  S '  ' 1 0 0 .  Helland- 

Leive- 5-8'. Mehres. i" situ. 
Hansen 

and Fox. stad. 

I 
800 - 1'01 28.066 

(a little 
860 - 1'04 '065 

soiitli-east of 
910 - 1'06 '08 

37). 

- 

lfeitn difference between 37 m d  7 - 0'005 

8 

(north of 8). 1460 / - 0'84 

I - 

l e a n  clifferance between 8 and 8 1 + 0.008 

Mean difference between K4 and 1 
l 9 & 9 A /  

18 1000 

(north of 1300 

i6 B aiid 15). 1500 

16'B 1 1800 

l5 / 1600 

+ 0.012 

28'065 

'OG 

'OG 

I Nenn difference between last / 
t ~ v o  aiid 18  / + 0.004 / + 0.005 - 0'037 

43 (far 2000 1 - 0.94 28'07 34.93 

iiortli of 22). 3000 - 1'00 .O7 '93 '93 

46 (far 1500? - 0'62 .O7 '93 

north of 22). 2000 - O 92 .O7 '93 '93 

47 (far 1000 - 0'73 '07 '93 '94 

iiorth of 22). / l 
22 1 1200 1 - 1.00 1 .O68 1 9 2 8  1 .924 1 j - .O01 

Meaii difference hetweeii 22 
- 0'009 
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consictering tliat tlie salinities compiiletl froiii tlie bpctilic graritiru of tlie s:iiiir 

samples are on the average 0'004 '/on lower in 1900 tliaii in 1904. 

The titrations of tlie above Table (p. 340) gave in  1000 on the average 0'012 '/on 

lhiql~er valiies of salinity tlian those coinputed from %(l), wliile for tlie samples from 

1904 tlie corresponding mean differeiice was 0 012 '/on in tlie opposite direction, the 

titrations giviiig lotoer values (cf. Table, 13. 340). 

It is conseyuently probable tliat the strikiiig disagreeineiit between the saliiii- 

ties of the bottom-water found by titratioiis for the two years, mnst he due to some 

kind of differenco iii the obserrations. 

I t  is hardly possible that i t  can be explained by any aplireciable inaccuracies 

i11 the determiiiations of the saliiiity of the Standard \Vaters iised by the several 

observers, as there is good reasoii to assurne that these Staiidard Waters were very 

triistmorthy,(2) esl~eeially those nsed by HELLAND HANSEN, aiid by Dr. Fox aiicl 

Miss Dr. SSEPIIANSEN. 

The caiise of tlie disagreenient Fetmeen the salinities of the t ~ v o  years miist, 

according to oiir view, a t  least to some extent be that the water-ssmples of 1900 

liave given somewhat too high valries of cliloriiie owiiig to evaporatioii of water from 

tlie samples before they were examilied by titration. EIelland-Haiiseil's samples were 

small, oiily 100 ciib. cm., and were Irept iii glass bottles with cork stoppers (see 

above, p. 60) tlirough wich there iuiist always Iiave been some sliglit eraporatioii, 

especially when the sainples remaiiied in tlie bottles for some time before the titre- 

tions mere made [cf. NANSEN, 1901, pli. 141-142, & PI. 31. In some cases the errors 

t h i ~ s  pioduced were coilsiclerable (cf. &bove pp. 60-62). The probability of tliis es- 

(1) This illean difference was 0'016 '/on for al1 determinations of the samples of 
bottom-water take11 iii 1900, see Table, p. 332. 

(2) REI~T,AND-HANSEN iised Staiidard Water that Ile had receiveci from Mr. MAK~IN 
KNUDSEN in Copenliagen. I t  was the smie Standard Water tliat was nsed for tlie 
determinatioiis of Coiistaiit~ forming tlie basis of Rniiclsen's Tables. The possibility 
tliat there can have been any appreciable error in the valile of the chlorine iii this 
Standard Mroter is thiis excliided. Wlien Nansen wrote his prelimiliary report [1901] 
the ainolint of chlorine in tliis Staiidard Water liad not yet been acciiratcly coiu- 
piited. The salinities given in Naiiseii's paper are therefore not qiiite accurate. 

The Standard Water used by ~JICIVESSAD bad been made by Mr. SCHETELIG by 
rnixing several samples of sea water [cf. Naiisen's description, 1906, pli. 9-10]. As tlie 
valne of i ts chloiiiie was compiited exclusively from its specific gravity, determined I>y 
meaiis of the Hydrometer of Total Immersion, there is a possihility that this value may 
not have been quite accurate. Riit i t  was tlie same Standard Water LEIVESTAD iised 
for tlie titrations of .~MUNDSEN'S cold Bottom-Water from the sea north of Jan Afayeii 
(A~~~UNDSEN'S  Stats. 13-23); and tlie salinities Iie has thus obtained for this water, 
cannot, a t  any rate apprecisbly, be too liigh; tliey vaxy between 34'88 and 34'93 '/on 

and chiefly between 34'90 and 34'92, [cf. NANSEN, 1906, pp. 141-144); and on tlie 
wliole they seem to  be very accurnte. 

The Staiidard Vater used for Dr. FOX'S aiid Miss Dr. STEPHANSEN'S t i t~a t~ io~ i s  
was of the regiilar stock made a t  the International Central 1,aboratory i11 Christiania. 
I ts  a, had beeii determiiied by Dr. EICBIAN, aiid its chlorine hy Dr. FOx himsclf. 
Tliere is no probability thet an error, approacliing the amoiint of the djserepaiicy 
fouiiil above, slioiild have occurred i11 these determinatioiis. 
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planatioii is proved by tlie fact that FIellaiid-Hansen's values of saliriity are especidly 

high iii proportion to a. for all samples from the beginning of the cruise of 1000 

(froin Jiily and the begitiniiig of Aiigast) as is seen in the Table, p. 332. In the 

followirig Tahle are given the mertii differeiices betweeii thc salinities of the Bottom- 

Water (cf. Table p. 332) obtaiiied by Helland-Haiiseii's titratioiis, and tliose compiited 

from n, for the varioiis parts of the cruise. 

This Table shows that wliile the salinities obtaiiied by titration were as irincli 

as 0'05 '/o0 higher tlian those coniputcd from a ,  for the samples froni the begiiiiiiiig 

of the cruise, July 23-28 (when about five weeks elapsed betweeu the talriiig nntl 

the titration of the samples), this difference decreases gradlially iintil i t  is f 0'0 for 

the samples take11 oil August I l th ,  and - 0'001 O/OO (i. e. the salinities by titration were 

slightly lower thaii those colnpiited from ao) for those of Anglist 13 cb 14. Tlie 

titrations were made about tliree weeks after Angust 14th. For the samples of Sep 

tember 6-8, the cliffereiice is again somemhat highel. (0'005 O/oo). 

We can hardly expect a closer agreement, considering that the specific gravitics 

of the smples  were determined with no greater accuracy than one iiiiit of the fifth 

decimal place (i. e .  the second decimal place of an). 

According to wliat was explaiiied ahove (p. 331) i t  is to be expected th:it 

LEIVESTAD'S titratioi~s of the water samples of 1900, woiild also give somewhst too 

Iiigli valnes of salinity althoiigh, on the mliole, not so iniich so as Helland-Haiisen's 

for tlie first part of the cruise. LEIVESTAD'S srtliiiities of the bottom water (see 

Tahle, p. 332) are o11 tlie average 0'010 '/o0 higlier than those compntcd from 00. 

As the above table shows, Helland-Hansen's titrations of the samples 

of bottorn-water give salinities which on the average agree alinost per- 

fectly with those compiited from 60, when his titrations were made a 

short time (about three weeks) after the water-sainples had been bottled. 

Where this interval was shortest (for samples of Ang. 13 & 14, 1900) 

his values even liad a tendency to be slightly lower. But if a slow 

evaporation is always talcing place through the corlcs,(l) we are obliged 

(1) The corlr stoppers are more or less hygroscopic, aiid >vill tlierefore always 
absorb some moistnre from the enclosed mater-sample, wliereby the salinity will be 
slightly increased. 
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to  assume that  eveii in this most favourable case, his values of salinity 

have become a trifle too high; anci we must coiisequently coiiclude 

that if his titratioiis liad beeii made iminediately after the water- 

sainples had beeil taken, he woiild have fouiid salillities that would 

have been on the average slightly lower tliaii those coinputed fro111 

00 by ICNUDSEN'S Tables. This agrees with what we have found above 

froin Dr. Fox's aiid Miss Dr. STEPHANSEN'S deterininations of the 

chlorine iii the sainples of bottom-water of 1904; although the diffe- 

rences giveii by their titratioiis are decideclly greater, and certainly 

soinewhat too great. 

Our inany and various observations seem thus to iiiclicate that, 

the ainouiit of Chlo?.ilze in the cold bottom-water of the Norwegian 

Sea is slightly lozuev in proportioii to 60 than i t  should be according 

to KNUDSEN'S Tables and forinula. According to Dr. Fox's determi- 

nations, this deficiency of chlorine is not constailt, biit varies some- 

what irregularly. This has, however, t o  be verified by more complete 

future investigations. Onr preseiit observations indicate, a t  aiiy rate, 

that  the deficiency of chloriile is very small in the case of all samples 

talieii in 1904 froin the deepest strata (1000--1800 metres) with low 

teinperatures (near - 1 O C.), the salinities coinputed froin the chlorine 

being oil the average oiily 0.008 O / O O  lower than those coinputed froin 60.(l)  

I t  may be of some iiiterest Iiere to clraw atteiitioii to the deteriiiiiiatioiis of 

cliloriiie and specific pravity of several seiies of mater-samples from the Bareiits Sea 

and tlie sea nortli of Jan Mayen mentioned i n  Nansen's paper, "Northera Waters" 

[1906, pp. 10 & 11, 40, 44, 511, as some of thein show greater variations iii the ratio 

between C1 and a. thaii caii probably be explained by errors of observatioii. While 

iii the surface-strata, between 1 niid 40 metres, a t  AMUNDSEN'S Stat. 22 n, in the sea 

iiortli of J a n  Mayeii, the ratio between C1 aiid 00 was (with the exception of the 

siirface water) normal according to I<XUDSEN'S Tables; the  samples from the water- 

strata a t  the same depths (1-40 metres) a t  AMUNDSEN'S Stat. 6 a, in the Rarents 

Sea, had, accordiiig to the titrations by the saine observer (LEIT~ESTAD), a relatively 

too high amount of cblorine, giving salinities which are on tlie average 0'026 higliei 

tlinn those computed from 00. 

At MAKAROFF'S Stats. 77, 78, and 82 betweeii Novaya Semlya aiid Franz 

Josef Land [see NANSliCN, 1006, p. 511 the titrations gave appreciably higher salinities 

thaii tliose coniputed from a. for sanlples from the  siirface aiicl the upper water- 

strata;  wliile for the deepest strata (dowii to 300 metres) they gave saliriities tliat 

mere slightly too low. But the saliiiities obtaiiied by titratioiis of samples from the 
--.p- - 

(1) Spe Postscvil)t to tbis cbapter. 
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still deeper bot  warmer strata (down to 360 metres) a t  Stat. 83, are agniii relatively 

too high. 

The water-sainples from the very colil (- 1'8 O C . )  water-strata betweeu 1 and 

150 nietres a t  MAI~AROPP's Stat. 57, west of Novaya Seinlya [cf. NANSICN, 1906, 

p. 441 show a fairly close agreeiuent betweeii the salinities obtaiiieil by titration and 

those computed from 00, the former l i a~ i i ig  a teiidency to be slight,ly higher, on tlie 

average only 0.004 O/,,. 

The samples from WOLI~RBEIC'S Stat. I1 west of Novaya Semlga [see N A N S T ~ ,  

1906, p. 401 had oil the wliole a coinparative dificiency of chlorine, the titratioiis 

giving, on the  average, salinities loloer by 0'008 '/,, thaii those compiitecl from 00. 
At this station tlie salinities were iiearly uniform aiid high, froiii the surface to  the 

bottoni, while the teniperatures were low, indicatiiig tliat tliere liad recently been an 

active vertical circrilation forniing bottoiu-water. It is  perhaps iiotemortliy th:it the 

titration of the sample flom 10 metres gave a I~ighev (0.01 '/o,) saliiiity than the 

speeific gravity, wliile for the underlying stiata the  salinities fonncl by titration 

were ou the average 0'011 O/oo lozcer ihaii those coinputed froin 60. I t  i s  also a note- 

morthy coincidence, ~vhich may not be accideutal, tliat botli a t  this statioii and a t  

MAI~AROFF'S above meiitioiied Stat. 57, the titratioiis of the very cold (- 1'8 C.) 

and heavy water-stratum iiear the bottom, gave salinities that  are lower than those 

computed from a,, and more so tliaii those of the overlyiug stralit. 

The various series of observatiods mentioned above niay pcrhaps indicate that 

there are certain siilall variatioiis iii the ratio betweeii Chlorine aud Specific Gravity 

i n  the Northern Beas, but the observatioiis are too fenr anil too acciderital, ancl are 

not suffieiently acciirate to enable us to draw aiiy triistworthy conclusioiis i n  this 

respect. As we have poiiited oiit abore (p. 334) [cf. also NANsirN, 1906, pp. 10 & 111 

there is  n possibility tliat the formation and iiieltiug of ice iu these regioiis may 

cause variations in  the  coinposition of tlie sea-vater, which niag iufliience the ratio 

I~etween C1 aiid a, sufficiently to be uoticeable iii onr deterininatjoiis. 

Duriilg the BeZqica Expedition, of 1905, there were talren 39 

samples of the bottoin-water of the Greenland Sea (at Stats. 15-26, 

and 48-50) witli teinperatures below 0" C. aiid froin depths greater 

than 500 metres. The inean valne of chloriiie, resulting froin the 

very careful titratioiis of all kliese sanples was 19,330 O/oo, wliich gives 

Niiie of tlie Relqica sainples weie talren from strats~ (at 1200 

aiid 1800 nietres)  vitl li teinperatures below - 1 . 0 0 ~  C. Tlieir ineaii 

values were: 

Their meaii teinperattue WLLS - 1.10~ C 

At AMUNDSEN'S Xtatioiis 13-24, of Julie aiid July, 1901, [cf. 

NANSEX, 1906, pp. 141-144.1, 33 sainples were talceii froin depths 
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below the leve1 of 500 metres (all of them with temperatures below 

- 1.0" C.). The mean values fouiid for these 33 samples are: 

c1 = 19.3245 ' /o0  ; s ' /o0 = 34.911 ; 60 = 28'054. 

Their mean temperature was - 1.23" C. 

The five samples of the coldest bottom-water of May & June 

1904, with temperatures from --0.96" C. to - 1.34" C., gave, accor- 

ding to the Table on p. 337, the following mean values : 

C1 = 19.329 O / o  ; 8 O/oo (by titration) = 34.919 ; 60 = 28'066 ; 

60 (by titration) = 28'061. 

l Mean t = - 1.09" C. 

These determinations of the coldest bottom-water of the three 

different years (1901, 1904, and 1905) from different regions of the 

Norwegian Sea, agree remarkably well. They seem to indicate that  

the salinity of the bottom-water decreases sligthly with the tempe- 

rature. Considering on1.y the values obtained by titration we find the 

following salinities : 

Year . . . . . . . . .  1904 1906 1901 
M e a n t ° C . .  . . . .  -1.09 - l -i0 - 1'23 

Mean 8 O100 . . . . .  34'919 34'915 34.911 

The samples of the cold bottom-water of 1900 (Table p. 332) 

were not so acciirrttely determined. The determinations with the 

Hydrometer of Total Immersion seem to be most trustworthy (cf. 

above p. 330). The mean value of the determinations of 42 samples 

with temperatures below 0 "  C. and from dqpths below the leve1 of 

600 metres was: 
i 
l bo = 28.065 ; S O/oo (computed from bo) = 34.924. 
i 

This is a somewhat higher value of 8 O/oo than the above values 

of the coldest bottom-water of 1904, 1905, and 1901. We found, 

however, above that  the mean value of the 39 samples of bottom-water 

with t lower than 0 "  C. of the Belgica Expedition, was, S O/oo = 34.921. 

The deterininations of the different years seem thus to agree 

very well; and we may assume that  they are on the whole fairly 
44 





Fig. 111. Distrihiition of Temperature and Salinity at 600 Metres. 
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accurate. They seem to indicate that the variations in 60 and S O/oo 

of the bottom-water of the Norwegian Sea are very slight. 

I n  the chart, Fig. 110, for 600 metres, the determinations of the 

specific gravity (bo) of all sainples from 600 metres from the cruises 

of May & June, 1904, and July-Sept., 1900, have been introduced. 

The values of the hydrostatic weighings by Mr. SCHETELIG of samples 

froni 1904 have been reduced by 0.007 (see above). For the purpose 

of coinparison, the values of bo at 600 metres at AMUNDSEN'S Stations 

in 1901, north of Jan Mayen, have been added, the values having 

been computed directly from LIIVESTAD'S titrations. We have also 

added the values of bo computed from CZ at the Belgica stations of 

1905 (600 metres). The observations from the four different years 

are not altogether comparable, not having been made with an eqwal 

degree of accuracy, and the methods employed having been different. 

But if we nevertheless attempt to draw the isopyknals(1) for 60 for the 

intervals of 28.06 (= 34.918 '/oo), 28.07 (= 34.93 '/oo), 28.075 (= 34'937 '/o'), 

28.08 (= 34'943 O/oo), 28.09 (= 34.955 O/oo), and 28.10 (- 34.967 '/oo), we 

obtain a fairly probable picture, and the different observations seem 

to agree on the whole fairly well, aiid inay indicate a certain regularity 

in the horizoiital distribution of the specific gravity (or salinity). If 

we make a similar chart, Fig. 111, of the salinities obtain~d by Dr. 

Fox's and Miss Dr. STEPHANSEN'S titrations of the samples froin 600 

rnetres, of May & June, 1904, and dralv the isohalines for 34'92, 34'93, 

34.94, and 34.95O/oo, we get a soniewhat similar pictiire of the hori- 

eontal distribution of salinity a t  600 metres, although, as we have 

seen above, the values obtained by the titrations are on the whole 

lower than those computed from 60. It is a strilcing fact that in 

both charts (of 60 and salinity) the isopylrnals(1) aiid the isohalines 

follow approximately the same course as the isotherms. This seems 

to indicate that the observations are fairly correct. The lowest values 

of ao, as well as salinity computed from CZ, a t  the leve1 of 600 

metres, occur along the western, south-western, and southern side of 

the sea basin, while the highest values a t  this leve1 occur in its 

eastern and north-eastern part. 

(1) The word isopykdal means here the lines for equal specific gravity (%), 
not density in sit% (at). 
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There are several bends or tongues in the isopyknals for 28'07 and 28'075, 

which may to sone extent be dueeto inaccuracies of observation. The tongue of the 

isopyknal of 28'075 at  Stat. 35 (1904), for instance, does not coiricide with the 

similar tongue of the isohaline for 34'92 O/,, (Fig. l l l ) ,  which is farther east, a t  Stat. 

30, where a, is especially high (28'081); tbis does not seem to agree well, but 

nevertheless, the isotherm of 0' C. forms a similar tongue in this region. On 

the whole, there is, for instance, a remarkable similarity in the shapes of the iso- 

pyknals for 28'07 and 28'075 to tliose of the isohaline of 34'90 O/,, on the charts for 

400 metres and also 300 metres for May, 1904, Pl. XII, (see also for May, 1903, Pl. IX). 

It seems therefore probable that the cold water with compara- 

tively low 60 (and low salinity computed from C1 O / O O )  along the Iceland- 

Færoe Ridge, and eastwards near the Norwegian coast, rnay have 

some connection with the tongue of water with salinities below 

34.90 O/oo (determined by titrations), extending south-eastwards froin 

Iceland, a t  depths between 200 and 400 metres (see above pp. 293-206). 
A study of the sections from the different years (Pls. XIV--XXIV) may lead to 

the same coiiclusion; i t  seems as if tlie titrations have often given comparatively 

low values at  600 metres in the neigbo~irhood of this tongue of less saline water. 

At Station 17 A, May, 1904, for instance, the water-sample from 600 metres gave 

comparatively low values of a, (28'067(1) = 34'926 O/,,) as also of salinity by titration 

(34'895 v,,,,). The section in Fig. 4 (Pl. XXIV A) shows tliat near this station the 

top layer of water with salinity belom 34'90 O/,, (by titration) probably forms a 

tongiie downwards, and the titrations of HEI,LASB-HANS EN(^) (made in Bergen, quite 

independently of the (leterminations in  Christiania of t.he sample from 600 metres) 

give salinities of about 34'90°/,, for all overlying strata between 150 and 600 metres, 

wkile the salinities fonnd for the same strata are mucli higher both east and west 

of this station. The densities a t  Stat. 17 A are also lower than on both sides. 

Whether this lower salinity a t  the deeper strata, may have been caused by inter- 

mixtiire with the overlying less saline water-strata, it is difficult to decide in this 

case, as the temperatures give no certain indication. I t  would be necessary to know 

more about the condition in the sea from wliicli this water comes. 

According to our view, this and similar cases seem, however, to 

indicate that  these water-strata between the top layers and 600 inetres 

move more or less in the same direction, and that  there is a flow 

of a voliime of this Irind of water, a t  least 600 metres deep, south- 

eastwards along the Icelaiid-F~roe Ridge, iiito the southeril Nor- 

wegian Basin. 

(1) Determination by SCHETELIG, and reduced hy 0'007. 
(2) I t  is noteworthy that all the samples for titration of this cruise were taken 

in the small hottles with patent india-rubber stoppers, supplied through the Central 
Laboratory a t  Christianin. The possibility of the values of chlorine being too high, 
owing to the evaporation of water throiigh the stoppers, is therefore excluded. 
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At Stat. 16 B (Fig. 4, Pl, XXIV 4 )  the sample from 600 metres (see Table 
11. 336) gave comparatively low 00 (28'068 wliich li& been reduced by - 0'007) and low 

salinity by titration (34'913 O/,,).(l) The overlying strata also have low salinities, of 
34'90 and 34.91 '/,,, wliile a t  Stat. 15, east of Stat. 16 B, the salinities are con- 

siderahly higher (34'94 and 34'93 O/,,) a t  the depths between 200 and 600 metres. At 
Stat. 64 there are similarly low salinities (34'91 and 34'89 O/,,) a t  all deptlis between 

300 and 500 nietres (see Fig. 3, Pl. XXIV A) and a t  600 nietres the salinity foiind 

by titration (see Table, p. 336) is also fairly low (34'92 '/,,).(2) Some trace of this 

Bow of less saline water may perhaps still be seen a t  Stat. 70, 1904, a t  600 metres 

(see Fig. 2, Pl. XXIV A), wherp the specific gravity found (ao = 28.069)(3) is lower 

than a t  the same level at the stations on both sides (28.079 and 28.076). The 

nearest observation above 600 metres at  Stat. 70, is a t  400 metres, and showx the 

occiirrence of the water with the typical low salinity of 34.88 O/,,, while the salinities 

a t  the stations on both sides are considerably higher. 

Besides tliese apparently fairly regular variations in the horizontal distribution 

of salinity at  600 metres, there is also seen in the sections another kind of variation, 

which is  due to the appareritly irregiilar "waves", which the isohalines, as well as 

isotherms and isopyknals, form in the sections (see above, pp. 89 et seg.). I t  may for 

instance be noticed that on the whole where the isotherm of O 0  C. forms a wave 

upwards and rises above 600 metres, we there find as a riile a comparatively lo\\, 

salinity of the water, the less saline cola bottom-water seemiiig here to have been 

raised to higher levels than at  other places. The section (Fig. 4, Pl. XXIV A) off 

Lofoteii for May & June, 1904, is a very eliicidatiiig example. At Stats. 22, 20 B, 

and 18 A, the overlying strata with higher temperatures and high salinities form 

very deep "waves"; and at  600 metres both the salinities (and a,), and the tempe- 

ratiires are therefore higher than a t  the intervening stations. 

The fairly accurate determinations of the specific gravity and 

salinity of the coldest bottom-water from depths greater thail 600 metres 

are too few to give in any way a trustworthy representation of the 

horizontal distribution of bo and salinity in the deepest part of the 

Norwegian Sea. I n  Fig. 112 we have, nevertheless, made an atteinpt. 

We have used the observations of May & June, 1904, for depths of 

1000 metres or inore, with temperatures lower than -0.6" C., or 

chiefly about -l0 C. We have also used the observations of the 

coldest bottom-water from July- Sept., 1900. The values of temperatiire 

(1) The salinities for 600 metres introduced in the Sections of Pl. XXIV A 
are computed from 00 without any rediiction, while those for all depths between 500 
metres and the surface are found by titration. 

(2) The salinity (34'914 O/,,) foiind by titratioil for 600 metres at Stat,. 50 (see 
Table, p. 337) is evideiitly too Iow, as may be seen by comparison with the salinities 
of the overlying strata. 

(3) This value is the mean of all three observations in the table on p. 337, 
after SCHETELIG'S valiies have been reduced by 0.007. 



Fig. 112. Distribution of Temperature and Specific Gravity (and Salinity) at 1000 Metre8 
and deeper levels. 
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l the Belgica stations to the north. The actual existeiice of this central 

zone seems therefore probable. 
l 
I Along the westerii, south-westeril, and southern side-slope of the 
l 
i Norwegian Basin, the observations indicate a iiarrow zone where tlie 

bottoin-water has a low specific gravity (bo below 28-07 aiid 28.065)~ 
l 
l 

and low teinperature (below - 1.0" C.). The existeiice of this zone is 

perhaps also iildicated by the titrations of Dr. Fox and Miss Dr. 
l 
I 

STEPIIANSEN (cf. the isohdines for 34.92 and 34.91 '/oo).(l) If correct, 

this eone is of dinost exactly the same extent and form as the zoiie 

of water with 60 below 28'07 a t  600 m. (see Fig. 111). But the 

explanatioii is probably different, namely that  the coldest water, with 

lowest 60, follows the bottom and consequeiitly rises to higher levels 

near the side-slopes of the basin (cf. Sectioils, Pl. XXV). I t  is als0 

striking in Fig. 112, liow closely the isopylrnals (of 28.06 and 28.07) 

and the isohalines follow the course of the isotherm of - 1" C. The 

observations farther away froin the side-slopes have evideritly not 

reached down into the cold layers of bottom-water with the lowest 

salinity, and with t e i n p e r a t ~ ~ e  below - 1 "C. 

As the observations of the cold bottoin-water are very few aiid 
l 

l not sufficieiitly a,ccurate, i t  is impossible to draw any certain conclusion 

! from the above, as to its circulatiogz a t  depths below 1000 metres in 
i 
i the Norwegian Sea. It would be necessary to collect a far greater 
l 
i nuinber of perfectly trustworthy and accurate observations of Tem- 
i 
i 
i 

perature (by the inodern Richter Reversing Thermometers), Specific 

l Gravity, and Chlorine from many different depths in the various regions 

l 
I 

of this sea. It would, for instance, be especially desirable to know 
l 
I more about the sea between Jan  Mayen and Greenlaiid; and it would 

als0 be iiecessary to know a great deal more about the deep strata 
! 
i 
! 

in the central part of the sea between J a n  Mayen, Icelaiid, and Norway, 

! aiid also in  the sea off Bear Island and Spitsbergen, etc. etc. 
The greater part of the coldcst bottom-water witli temperatures a11o11t or l~elow 

' 

- 1 C. is forined in tlie sea north sild riortli-east of Jan  Mayen. I t  is possible 

tliat some part of this cold bottom-water, witli comparatively low salinity, inoves, 

(1) The values of salinity fouild by Dr. Fox's and Miss STEPHANSEN'S titratioiis 
are given in small fignres under the stations of 1904. The jsolialines of 34 91 "/oo  

and 34'92 O/oo are drawn according to these values and the salinities found by titration 
a t  Amundsens Stations and the Belgica Stations. 

46 



364 HELLAND-HANSEN AND NANSEN [REP. NORW. RISH. II 

under the Polar Current, southwards along the continental slope off Greeiiland, and 

possibly across the area between Jan Mayen and Icelaiid. The cold bottom-water 

with low saliiiity itloiig the iioitheru slope of the F~roe-Iceland Ridge and the slope 

off Norway, as seen in Fig. 112, may possibly be an updrift, however, aloiig the slope 

of the bottom, from the bottom-water which forms the deepest strata iii the central 

regioii of the basiu. If, for iiistance, tliese cold bottom strata along the sides of the 

basiii move with a somewhat greater velocity than tlie overlyilig strata, they will 

linturally be raised to somewhat liigher levels aloiig tlie side slopes. I t  seems prob- 

able that tlie greater part of tliis coldest bottom-water comes southwards soniewhere 

east of Jaii Mayen, froin tlie nortliern regioii where it is chiefly formed. Gut as 

pointed out above, these speculatioiis on the horieontal circnlation of the hottoin- 

water of the Norwegian Sea are based on such a meagre and defective material in  

the m7ay of observations, tliat they caniiot be of murh value. 

As the deepest strata of the bottom-water which have the 

lowest teinperatures, seein to have the lowest salinities (and bo), 

approaching ill value those of the deep layers a t  AMUNDSEN'S stations, 

i t  is probable that the increase iii temnperature of the bottoin-water is 

chiefly due to intermixture with the overlyiiig wariner and more 

saline water-strata, in which manner the coldest bottom-water gradually 

acquires a liigher temperatwe and a t  the same time a slightly higher 

salinity. 

Some heatiiig of the bottom-water is certaiiily also caused by 

the interior heat of the Earth, through the contact with tlie sea 

bottom; but tlie conduction is very slow, and the quailtity of heat 

thus received is very small [cf. NANSEN 1902, 19061. 

Sumnzay. Before we leave tlie bottom-water of the Norwegian 

Sea, we shall try to suininarize our view of its iiature and origin. 

I t s  tentperature is low; being, in the deepest strata, between - 1.0' C.  

and - 1.3" C .  (in very rare instaiices slightly below this, approaching 

- 1.4" C.), and risiilg slowly upwards towards the higher strata. I t s  

S''9ecijie Gravity, i. e. 00, varies i11 the coldest bottoin-water probably 

between 28.06 or 28.06 and 28.07. I n  higher strata with temperature 

rising towards 0" C., the specific gravity may be higher, but will 

hardly exceed 28.08 (= 3 4 ' 9 4 ° / ~ ~  saliiiity). The amount of Chlorine 

contained in the bottom.water seeins, perhaps, to be slightly lower ill 

proportion to the specific gravity, than i t  should be according to 

MARTIN KNUDSEN'S formula ; but according to our far too few determina- 

tions, this deficieiicy of chloriiie varies and inay possibly be somewhat 
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sinaller iii the coldest and deepest strata of the bottom-water, (where 

i t  is, on the average, only about -0.004~/00 a.) than in the higher, 

I somewhat warmer strata a t  G00 metres (the mean differencq of all 
observations is about - 0.012 '100 Cl.). The amount of chlorine iil 

l the cold bottom-water may possibly vary between 19.315 or 19.320°/oo 

1 and 19.335 O/OO Gl. (equal to 34'90 and 34'930°/oo salinity according to 
i 
I KNUDSEN'S formula). 

The coldest bottom-water of the Norwegian Sea is formed by 

the cooling of the sea-surface, towards the freezing-poiiit of the sea- 

water, during the winter and spring, and by the formation of ice on 

the sea-surface, by which process the salinity of the cold surface- 

water is increased sufficieiltly to give i t  a density eqiial to, or slightly 

greater thail, that of the bottom-water. The formation of the 

bottom-water in this manner takes place in the sea outside the eastern 

margin of the East Greenlaild Polar Current, chiefly iil the sea 

' betweeii J an  Mayen and Spitsbergeii, and possibly to some small 

extent between J a n  Mayen aiid Icelaiid. The longer the formatioii 

of the cold, sinking surface-water lasts in a certain region, the heavier 

will the bottom-water formed become. The sinking surface-water first 

formed will not be heavy enough to reach the deepest layers of 

l bottom-water, but will oiily sink to some less deep level; but as the 

underlying iiltermediate strata gradually becoine heavier as the vertical 

l circiilation reaches deeper and deeper, the cold sui.face-water will 

acquire a higher density, and inay possibly a t  last becoiiie heavy 

enoiigli to siilk to the bottom, and form the deepest water-strata. 

I The surface-water formiilg the bottom-water is origiilally fornied 
l 
I 

by an  iatermixture of cooled Atlaiitic water partly with water froiii 

the Polar Cnrrent, and partly with inelting water froin the ice melted 

l in these regions during the siinlnier. This ice Ivas to a great extent 

formed in the same region during the previoiis winter. The higher 

1 strata of bottom-water, with temperatures between 0 O C. and - 1 "  C.,  
1 
1 may either be formed directly on the surface, in regions ~vhere the 

cooliiig of the water has not reached the lowest teinperatures, or i t  
1 

may be forined by a gradual intermixtiire of the colder bottoin-water 

with overlyiilg warmer water with higher salinity. The probability 

of the lattei explaiiation is proved by the deciease of salinity down- 
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wards. Such water might also be forined in some places by ai1 inter- 

mixture of warmer aiid more saliile water with Polar water (of the 

Greenlaild Polar Current); but the water foi-med in this manner will 

probably acquire a lower salinity thaii the other bottom water, be- 

cause the salinity of the Polai- Current is very low, and the warmer 

water cannot be much cooled merely by contact with the colder water, 

and without being mixed with it. Fairly cold water with a com- 

paratively high sdinity might be formed by the contact of warm 

water with ice, without being much mixed with the water inelting 

froin i t ;  bnt there are not inany places iii the Norwegian Sea where 

this will occur, as a rule. The Polar ice floats southwards in the 

cold watera (with low salinities) of the Greenland Polar Current, and 

in the Norwegian Sea, i t  hardly ever leaves the region of this water. 

This heavy ice has therefore little opportunity of comiiig iiito contact 

with warmer water wit,h high salinity, and of cooliiig i t  down to 

form bottom-water. Tlie niuch thinner ice formed each winter over 

great areas of the northern and western Norwegian Sea itself may, 

however, do this to a, greater extent. It may, for instance, be carried 

by winds far eastwards into the Norwegian Sea, as sometimes happens 

in the spring in the region south and east of J a n  Mayen; the ice 

may even be carried towards Bear Island, as was observed by Nansen 

ill March and April, 1882 [cf. 1906, p 891, and theil fairly cold water 

with comparatively high salinities inay be formed by contact with 

this ice. Bat  it will oilly last for a short while, as the ice will by 

inelting soon form a snrface-layer of light and cold water, which will 

prevent the contact between the ice and the warm sdine water. 

Nansen has dready pointed out [1906, p. 931 that no bottom- 

water with low temperatures can anywhere get out of the Norwegian 

Sea and southwards iiito the Atlantic. W e  must assuine that  the 

cold bottom-water circulates slowly in the deep basin of this sea, for 

a very long time, until i t  shall have been warined up towards zero C., 
chiefly by intermixture with the overlying warmer strata, to a mnch 

sinaller extent from the sea-bottoin by the subterranean heat. The 

bottom-water thus warmed may be carried out with the other ciirrents, 

chiefly with the Polar Current across the Icelaild Greenland Ridge. 

But the quantity cairried out is evideiltly very sindl, imd the renewal 
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of the Bottoin-Water of the Norwegian Sea iniist be an extreniely 

slow process. On the other hand only very smal1 qnantities of 

bottom-water can be formed each winter by the cooling of the sea- 

surface in such a limited area as described above. W e  must conse- 

quently coilclude that  the bottom-water of the Norwegian Sea forming 

the floor of the currents, remains practically alinost unaltered for a 

very long period of years. 

P. 8. Since the above chapter had been wiitteil a nuinber of 

water-samples from deptlis greater than 600 inetres, takeii during the 

Be1,qica expeditioil in 1905, in the Greenland Sea, have been examined 

by Weighing with the Pylcnometer(l) and by Titration a t  the International 

Central Laboratory for the Study of the Sea a t  Christiania. The deteimiila- 

tions were made by Mr. BJEREE [Cf. HELLAND-HANSEN and I<OEFOND, 
19091. As the samples were originally small (300 cub. cin.), 

and a great part of them had beeii used for repeated titrations, two 

aiid three (and even four in one case) of them were added together 

to form fourteen greater samples whose quantities were sufficiently 

great for detei-miiiations of specific gravity and for renewed titrations, 

which were made in the suininei of 1908. As the water-samples had 

then been kept on their bottles during three years, and most of them 

only filliiig a small part of the bottles, it is obvious that soine eva- 

poration miist have talcen place, and the values of cio and CZ obtained 

in 1908 iniist consequeiltly be too high; but the ratio between them 

may not have altered appreciably, unless the water had dissolved some 

glass, and cio had becoine too high comparatively. The strange fact 

is, however, that the salinities compiited from Mr. BJE~ZKE'S values 

of cio are on the whole sligtlily loluer thaii those obtained by his 

titrations. If we leave out the deterininations of one sainple, wliere 

the difference (0.07 O/oo) was so great that  i t  is probably due to soine 

error, the other 13 samples give a inean difference of about 0.007 O/oo 

in the salinities computed from cio and from Cl. If we leave out the 

determinations of two more samples where the differences were 0'03, 

aiid 0.03 O/oo, which seem a t  any rate to be exceptioilal, the differences 

(1) By a mirrtalce it lias been ststed hy HELLAND-HANSEN and KOEFOED tliat 
&IT, R ~ ~ n u s ' s  determiiiations of OQ were made by Hydrostatie Weighiiig. 
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in the salinities coinputed from 60 and from C1 of the other 11  

samples, vary between f 0.01 and - 0.01 O/oo, and the mean difference 

is 0.003 O/oo. This is so small an amount that  i t  is within the limits 

of the errors of observation. If i t  actually represents an existing 

difference, i t  would consequently indicate that  the amount of C1 as 

conlpared with 60 is slightly greater in  the bottom-water of the Greeii- 

land Sea than is normal according to KNUDSEN'S Tables. If this 

really be correct i t  might indicate that  the bottom-water has been 

a t  the surface of the sea while ice was being formed, which process 

has a tendency to alter the ratio between Cl and especially lime and 

sulphates (see above). But as we just said, the differences observed 

are so small that  no certain concliisions can be drawn froin them. 

Through the Organisation for the International Stiidy of the Sea 

a iiumber of water-sainples were collected from different parts of the 

sea, in the summer of 1906, and were sent to tlie International Central 

Laboratory in Christiania, from which they were disti-ibuted to five 

different laboratories in order to be simultaneously examiiled. One of 

these samples was takeii from 1000 metres a t  Stat. 308 of the Michael 

Ears, on July 13, 1906, in the Norwegian Sea off the west coast of 

Norway. It was typical bottom-water with a temperature of - 0.90" C. 

The determinations a t  the Central Laboratory gave: 60 (by 

pyknoineter) = 28.069, 28.074. 
Mean 60 = 28,071 

60 coinpiited from Cl (by titration) = 28'068 

Salinity compiited from 60 (by pylcnometer) = 34.931 
- - C1 (by titration) = 34.928 

Just  as this last chapter is going to press we receive a paper 

by ERNST RUPPIN, 011 his detenniiiatioiis made a t  the Oceaiiographic 

Laboratory a t  Kiel of the above-mentioned set of water-sainples. His 

valnes of tlie above sample of bottom-water froin Stat. 308 of the 

Michael Sars are : 

60 (by pylcnometer) = 88.071, 28'073, 28'075, 28'071 

ineaii 60 = 28.0725 

60 coinputed from C1 = 28.065 

Salinity coinpiited from 60 (by pyknometer) = 34.933 
- - (=I (by titation) = 34.924 
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The agreement between RUPPIN'S determinations and those of 

the Central Laboratory inay be considered very good. They botli give 

sosnewhat higher valnes of 60 aiid S O/oo by weighiilg with the pylcno- 

meter khan by deterinisiatioils of Cl. 

The difyerence in 60 is 0.003 (C .  L.) and 0.009 (RUPPIN) 

mean = 0.006. 

The differeilee is1 S %o is 0.003 '/oo (C. L.) n i d  0.009 O/oo (RUPPIN) 

ineaii 0.006 '/oo. 

This difference agrees remarlrably well with those fouiid for the 

samples from the deepest and coldest water-strata of May & June, 

1904 (see above p. 337) the mean of which was 0.008 '/CIO. The agreeinent 

is aliriost too good to be trusted, and i t  onght to be considered, that  

we are here very near the liinit of the possible errors of observatioii. 

The object of the sainples of 1906 was to have the ratio between 

00, Cl, and So ,  investigated, and i t  was not to determiile the absolute 
values of the water-samples i18 situ. They were, theiefore, filtered and 

i t  is possible that their 60 may have beeii slightly increased by 

evaporation dnriiig the operation. The above values of 60 of the 

sample from Stat. 308, are not, therefore, directly cornparable \vith 

tlie values of bo foiiiid iii the bottoin-water of 1904 and 1900. 



Explanation of Tables. 
Tlie hoiirs are given froin O to 24 (froiu midiiiglit to inidniglit). A11 Deptlis 

are giveil i n  Metres. 
Table I 

gives tlie Date, Hoiir, Number, l'ositioii aiid Boi~iidi~ig of tlie Obser\yatioii-Statioiis 
talren between Bug i~s t ,  1902, aiid .Tilne, 1904. Tlie ol)serr:atioiis nt  tlie St:~tioiis of 
Table I liave becu publislied in  Bzclletin cles rdsultnfs acqqcis penilant les courses 
piriodiques. Copeiiliagcii, 1902-1004. 

Tnble I1 
gives tlie Observations a t  the  Stations taken betweeii Jiily 1900 and May 1902. 

The Water-Bottles employed and the  names of the observers are given iii the 
heading of each cruise in tlie followiiig maiiiier: 

Water-Bottles: N, The great Nansen Insulatecl Water-Bottle (cf. p. 61), PN, Tlie 
great IJettersson-Nansen Insulated Water-Bottle (cf. p. 64), y ,  Tlie Small Pettersson 
Insulated Water-Bottle (cf. p. 66), N, The Nai~sen Stop-Coclr Water-Bottle (cf. p. 65). 

06s.: H. (==Dr. HJORT), H.-15. (= HELLAND-HANSEN), N. (= NANSEN). 
The Co1umn.s give: Hour, the hour of the observations reckoiied from O to 24, 

from midnight to midnight. M, the depth in metxes. t o  C., the corrected temperatiire 
(Centigrade) in. situ. ' indicates that  the temperatiire was taken with the  great 
Negretti & Zanibra lieversing Thermometers (N218 & NZ47, cf. pp. 34-35). S '/on, 

sd in i ty  found by titration. S" /oo ,  salinity computed from oo (determined by Hydro- 

meters of Total Immersioil). at, density in sitt4 (i. e. s- - l 1000, according to  

Icnudsen's Tables). 
( i  ) 

Table I11 
gives the Surface-06servation.s which have not been iiitroduced in the Plates, especi- 
d l y  tliose taken by Norwegian Sealers and Whalers i11 the Arctic Seas. The following 
claia are recorded: Date and Hour, I'ositioii, Corrected Temperature (Centigrade), aiid 
Selinity (per mille, accor<lirig to ICiiudseii's Tables). 



Position 
Dale. / Hoiir. / Siai. / 1-1 i'eptii Date. 1 Hour. - I Stat. -- 

Lat. I L O I I ~ .  Metre~  
-. 

1902, Aiigiist. 

VI11 9 
n n 

10 
I> 1 1 
r » 
» 13 
n » 
» 14 
n 15 
n 19 
n 20 
it r 
n 21 
n » 

22 
n » 

10-11 I N.71 

1903, Febriiary. 

N 
BO0 28' 

23' 
19' 
08' 

59' 32' 
60° 23' 

55' 
61'06' 

09' 
62' 29' 

4.5' 
53' 
59' 

63O 11' 
09 
38' 

15--16 
13-15 
3- 6 
20-22 30 
7- 9 
18-18.30 
17-18.30 

14.30-14.45 
19.50-20.10 

7- 7.45 
17.50-18.50 
4.50- 6.20 
17.10-18.40 
840-1045 
18.40--19.25 

11 9 
» 10 
n » 
» 11 

» 14 
» n 

» 72 
» 74 
» 75 
n 76 
n 77 
D 78 
n 80 
n 82 
n 83 
» 84 
n 85 
n 86 
n 87 
n 88 
n 89 

1903, Nav-Jiine. 

20.10-23.15 
6.50- 9.25 
19.30-20.50 
18.50-20.50 

7.45-- 9.30 
16.15-19.30 

V111 23 
n 24 
n » 
» 25 
n n 
n D 

» D 

n r 

» 26 
/ » D 

W 
3" 08' 1 190 11.10-11.40 

6- 7 
12-12.20 

7 
12.20-13 
13.45 
16.20-18.30 
22 
12.15-12.40 
15 30-16.20 

9-11.30 
18-19 

17.20--19.20 
15-20.20 

5.30- 6.30 

3'57' 
5' 06' 
6'30' 
7' 50' 
8'55' 
8' 56' 
9O 21' 
7O 54' 
7' 37' 

N. 1 
» 2A 
» 3A 
» 4A 

n 5A 
v GA 

N. 90 
n 92 
n 93n 
n 943 
» 94 
» 95a 
» 95 
D 96 
n 97a. 
n 97 
n 98 
n 99 
» 101 
» 102 
n 103 

305 
1130 
1100 

426 
126 
400 
331 
110 

7O 35' 
9' 06' 
10' 38' 
Il0 59'5 
13O27' 
13' 48' 

I1 16 

n 17 
n n 
n 18 
n n 

» 19 

75 
430 

307 

227 
210 
550 
265 
340 
380 
480 
460 
1783 
275 

N / W  

n 27 1 n n 

460 n 28 
430 n 29 
880 n 30 
454 

N 
61° 06' 

56' 
62' 41' 
63' 36' 
N 

65O 07' 
43' 

64O 17' 
35' 
49' 
58' 
58' 
56' 
56' 
58' 
17' 
18' 
29' 
14' 

62' 54' 
63O 06' 
62°8 

E 
4' 15' 
2O 40' 
lo 13' 
O0 32' 
W 

1" 09' 
3'01' 

5.15- 7.30 

4- 6 
14-17 

0.20- 2.30 
14-16.15 

0.20-2 

14' 44' 
11°17' 
9'45' 

Il0 15' 
11'32' 
Il0 45' 
11' 48' 
11' 12' 
12' 35' 
12O 35' 
10°12' 
9" 46' 

13' 
G0 19' 
i036 

N. 7A 

» 8A 
» 9A 
n 10A 
» 11A 
n 12A 

70' 05' 
N 

70' OG' 
11' 

69' 49' 
23' 

68' 51' 

4O 36' 

O0 E 12' 1 
2'57' 
5' 26' 
8O 07' 
lo0 42' 



1904, May- Jiiiie. 

22.40 a 2 
2.30 n 2 C  26' 2' 40' 
5.15 » 3 

20.15 n 5 
23.40 n 61 

(1) Souiidiiig witliout bottorn. 

Table 11. 
1900, Jiily-September. Water-Uottle: N, 13iii, p, 11 .  Obs.: H-H,  N. 

Stat. 2. 1'11 18. Geiranger Fjord off Meiolr. 146 m. 

20 7.02 34'61 

13.30 140 
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H o u r  Y. i0 C I S O/oo I St 'loa 1 Gt. 

Stat.  4 .  VII  29. Sule Fjord near Sulø. 420 m. 

) /  Hour. l I. I f0  C I S o/nn. / St O/oo. 1 Gt. 
-- 

3.15p.m. 
16.55 

16.45 
n 

- 37.30 

25.54 
'64 

26.49 
'99 

27 04 
'06 
. l5 
'2 : 
'22 
.32 
'33 
.38 
'42 
'46 
'49 
'51 
'51 

0 
5 

10 
15 
20 
25 
30 
4 0 
50 
7 0 
80 

1 00 
150 
200 
250 
300 
350 

140 
160 
180 
200 
250 
300 

350 
D 

400 
450 

>> 

500 
600 
700 
800 
860 
910 

10'49 
'32 

8'22 
6'89 
6'79 

'79 
'59 
'53 
'58" 
'98 

7'02 
'15 
'16 
9 4  
'02 

Stat.  5 .  VI I  21. 62" 29' N, 5' 29' E. 220 m. 

'26 

'23 
'20 
'20 

33.27 
'36 

34'02 
'42 
.46 
'48 
'56 
'61 
'66 
'85 
'87 
'96 

35'00 
'02 
'07 

Stat.  8. T'II 24. 63' 51' N, l o  34' W. 2560 m. 

'32 
'19 
'10 

6'95 
.51 
.33 

'02 '09 
-04 0 9  

25.66 
'77 
'88 

26'92 

27'06 
26'82 
27'19 

'26 
'33 
'34 

1 '49 
-- 

l 6.45 
15.00 
16.05 

.20 
15.45 
16.15 

.30 

.35 
15.10 

.l 5 

.25 

.30 

'28 
'42 
'37 
'26 
'24 
'24 

15.00 ( 2030 / - -  '04 ( ::Q 1 I 1 2  
'75 2100 - '05" 34.91 '10 

5'99 
'90" 
'15 

3'93 
'74"' 

2'35" 
- 0'51" 
-- 0'92 
-1'01" 
- 1'04 
- 1'05" 

10.00 

-- 

'72 
.62 
'67 

35'20 

'16 
'05 

'95 

.94 

.94 

35'19 

,O3 
34'99 

'93 
.93 
'93 
'94 

11'12 
10'43 

'31 
9'48 

'19 
'48 

8'58 
7'77 

'86 
'54 
'28 
.4 1 

G96 
7'03 
6'59 
4'98 
2'62 

'60 
1'99 
0'71" 

'17" 
- 0'35" 
-0.84" 

0 
20 
30 
)) 

>l 

40 
50 
6 O 
80 

100 
D 

150 
n 

200 
300 
400 

n 
440 
500 
600 
800 

1450 
Stat.  Ga .  TTII 23. 63" 2' N, 2' 50' E. 797 m. 

/ 0 12'07 34'72 26'08 
1 50 1 8.6; 1 35 ;i' 1 1 27'41 

Stat.  G b. VII  23. 63' 4' N, 2' 48' E. 836 m. 
0 11'67 34.74 26'47 1 10 / . i l  ( 9 6  / ( 6 7  

Stat.  10. T'II 28. 64' 53'N, 10' 0' W. 622 m. 
3.0 0 9'4 

----p 

P- 

20'74 
'74 
'81 
'85 
'84 
'96 

28'10 
'1 1 
'1 2 
'12 
'1 3 

33'57 
'58 
'61 

34'34 

'55 
'1 3 
'60 
'69 
'80 
'82 

.40 1 200 

0 1 11.10 

Stat.  9. VI1 25-26. 63' 53' N, 6O 22' W. 

.69 1 10 1 8'88 1 15.03 I 1 27'18 

35'25 

'30 
'29 
'30 
'36 

'26 

.23 

'32 
'2 7 

'23 
'18 

34'97 

'94 

'96 
'89 1 35'04 

10 
20 
30 
35 
40 
n 

5 0 
60 
80 

100 
150 

22.00 
23.00 

n 

23.30 
3.00 

23.45 
3.15 

24.00 
0.20 

.40 
1.00 
3.40 
1.30 
2.00 

- 

Stat.  7. TVI 23. G3O ti' N, 2' 

10'62 
'10 

7'00 
6.43 
7'24 
6'49 

'5 3 
'50 
'71 
'80 
'80 

46' l<. 

35'17 

'20 

'28 

'28 
'28 
'26 

12.30 
10.25 

10.30 

18 .0{  

10.30 
18.0 

11.45 

13.15 

35'25 

'26 

'25 
'23 
'2 1 

'20 

.20 

.O8 
'92 

'93 
'94 
'93 
'93 

Stat.  9 a.  VI1 27. 63O 53' N, 7' 24'W. 2134 m. 
1800 - 1'02" 34'94 34'91 28'10 

914 m. 
26'46 

'58 
'68 

27.12 

. l 0  

'25 
'30 

'40 
'42 
.4 1 
'59 
'48 

26'98 
27'08 

'15 
'28 
'34 
'34 
'4 1 
'54 
'50 
'54 
'62 
'5 7 
'60 
'66 
'76 
'88 

'94 
'04 
'05 
'09 

9 4  1 '93 

O 9'2 
r 1 9 1  

'84 
20 '87 

'3 8 
'02 

'1 1 

20 
40 
50 
60 

n 

80 
100 
150 
200 
270 
300 
400 
500 
600 
800 

1000 

R 

40 
D 

50 
52 
60 
n 

70 
80 

100 
120 

27'21 
.a l  
'40 
'G1 

'73 
'90 
'84 
'94 
'94 
.96 
'98 

28'00 
'01 
'07 
'05 
-09 

7'27 
5'90 
4'19 
5 02 
3'66 

'65 
'34 

1'79 
0'73 

'71 
1'03 
0'31 

'06" 
- 0.16" 
- '54" 
- '74" 

35'14 

'10 
'10 

1200 
1400 

'03 
'03 

'05 
'Og? 

34'99 

'92 
'89 
'95 
'07 
'95 

'92 
35'14? 

9'63 
11'25 

9'15 
8'90 

'1 7 
'23 
'65 
'62 
'41 
'21 
'16 

7.74 

34'99 

35'08 

34'85 

'92 
'92 
.94 
'89 
'93 

'1 7 

'17 
'30 

'46 
'28 
'20 
'28 

- :i:: 1 34'95? 
- '95? 

'91 
'91 
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o 9'4 34'93 
26 35.02 

'05 35'01 
60 6 96 34'87 

55 35'12 

.20 150 

.30 200 5'99 

.40 250 3 63 34'88 34'87 

.50 300 0'92 
3.05 350 - 0'06 

Stat. 15. VIII 5. 66' 45' N, 15' 36' W. 200 m. 

O 1 6'8 33.88 / 
'96 33'91 

25 4'75 34'15 34'14 27'04 
30 3.20 
50 2'20 

.20 100 

Stat. 13. VIII 3. 66' 42' N, 26' 40' W. 550 m. Stat. 16. VI11 5. 67' 7' N, 15' 3' W. 
& 576 m. 

» - '26* 
16.15 100 - 
17.35 120 - 0'45 
16.40 150 - '85 
1700  200 - 

17.30 300 0'94 

16.45 400 

15.30 550 

Stat. l 4  k. VI11 4. 
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Stat. 23. VZIZ 7. 70' 48' N, 9O 30'W. 914 m. 
17.00 1 O 3'8 34.13 j 27'13 
16.55 5 0  1 i" -l':" 1 1 '20 '79 

17.0 100 -0'11 1 '82 28'00 

Slat. 32 a. VIII 10. 70° 23' N, 3O 40' W. 
9.15 ' O 8'7 35'16 27'37 

- D 1 50 / 3 . h  / 0 3  / 1 '87 

Hour / M. 1 i0 C. S%o I Sl %o. I L .  
- 

slat. 19. VZIZ 7. 70' 35' N, 11' 10 IW.  1398 m. 

Stat. 33 a. VZZI 10. 70° 20' N ,  3O 20' W. 
O 8'4 35'16 27'35 1 1 20 1 7.60 1 '07 1 1 '40 

/ Stat. 33 b. TJZZZ 10. 70' 17' N, 3O 4' W. 

'94 1 '95 l '  Stat. 32. VZZZ 10. 70° 27' N, 3' 56' UT. 28'06 
8 O0 7 4 35'00 27'39 

Stat. 22. VZZZ 7. 70' 45.N. 9' 35.W. 1089 m. 1 : l0  1 5 ! 2.39 34 97 / 1 9 5  

8 
7.50 
8 05 

. l 5  

.20 

.45 
9.10 

stat. 24. VZIZ 7. 703 51' N, 90 24' W. 680 m. il 11.30 I O I 7.8 I 35.04 I I 27.36 

Gt. 
.-p 

27'85 
'90 
'89 
'96 
'94 
'96 

'09 
28'01 
27'99 
28'07 

'OG 
.O9 
'10 
'1 1 

'12 

Hour. 1 M i0 C 1 S"/oo. / Sl %O. 

O 
20 
50 

100 
200 
300 
400 
600 

1300 

-- 

18.30 l 60 l 0 . 4 5  

Stat. 19 a. VIII 7. 5 miles from Stat. 19 
towards Jan Mayen. 

10.20 27'19 

.24 
1'40 .65 

Stat. 20. TrIZZ 7. 70° 47' N, l o 0  40'W. 1207 m. '95 

34.63 
'72 
'69 
'75 

'85 

'82 
'94 
'83 
'96 
'97 
.97 
'87 
'95 

'94 1 1530 

4.5 
.26 

-1'36 
-- 0'45' 

0'25 
'22 

--0'06 
- .451 
- '88" 

12 30 
.25 
30 

.40 

.35 

.45 

.35 / 50 j 3.36 / I I 
stat. 33 o. TTZZ lo. 70" 15' N, 20 5 4 ~ .  

11.45 O 7 9 35'06 27'35 
5 0  1 40 / 1 '05 1 1 

18.0 O 3'4 1 i: 1 2'67 
. .05 1.51 
17.45 -0'12 

5 0  1 1:; I - '08 

Stat. 25. VIZZ 8. On the soiith east side of 1 1  Stat- 34% VIzI 10. 70' 15' N, 2' 30' Mr. 
Jan Mayen. 13.00 27'33 

--p 

- 

34'67 

'77 

'83 

'93 
'94 
'94 
'94 

'95 

- '09 
- '64 
- '66 

O 04 
O 66 
1'73 

'24 
'-0'12 

1'09 
-0'02 

0'35 
'22 

-0'31 
- '51 
- '69 
- '68 
- '84 
- '97 

21.0 
18 35 
19.00 
22 20 
20.30 
22.10 
23 O0 
1850  
21.00 

. l 5  

.30 

.40 

21.30 
22.30 

11.00 
10.50 

.55 
11.05 

.O0 

34.31 
'57 
'82 
'93 
'95 
'97 
'96 

70 
80 

100 
D 

D 

)) 

)) 

150 
x 

LO0 
300 
400 
600 
800 

i000 
n 

O 
20 
40 
60 

100 
150 

Stat. 30. VZIZ 10. 70° 40' N ,  5' 8' W. 

33'82 
'97 

34'50 
'66 
'82 

22.10 1300 

3 30: 

4.00 
.15 
.O5 
.20 
.30 

26.94 

27:0. 
.g6 1 28.00 

O 
20 
50 
70 

100 

34.27 
'53 
'74 
'89 
'93 
'93 
'93 

4'6 
'2 3 

1'78 
0'72 

'54 
'40 

- 1 2 8  14.00 0 8'5 35'16 27'33 
.20 20 7'77 '16 35'08 '39 

Stat. 29. T'IZI 9. 70' 46' N, 6' 32'W. 35 '3 1 '12 '49 

27.20 

.g4 
28'03 

.o6 

.o7 

.o8 

Stat. 21. VZZZ 7. 70° 45' N, 9' 52' W. 1097 m. 
14 35 27'10 

'25 
'08 

Stat. 31. VIlZ 10. 70° 34' N ,  4O 32' W. 
6.00 27'36 

34'85 

O 
20 
50 

100 
200 

4'2 33'30 
2'21 1 '80 

-0'89 34'65 
- %O 1 .72 
- '41 '82 

18.00 
20.30 
18  05 
22.00 
18.15 
20.20 

27'02 
--p- 

'88 
Stat. 34. VI11 10. 70' 15' N ,  2O 30'W. 2761 m. 

27 23 
'36 

'92 
'98 

28'01 

6.8 
'08 

2'93 
'63 
'19 

34'34 

O 

20 
n 

40 
)I 

'02 
'06 

34.;; / / 27.39 
'56 
'93 

'O1 '99 

'74 
'79 
'88 
'88 
'94 
'97 

34'86 

'89 
.92 

5 0  
4'7 
3'49 

'55 
1'73 

'O0 

3395  
'69 

34'15 
'1 7 
'62 
'63 

45 4'80 '1 1 '08 .78 
50 3 5 '09 'O6 '84 

27'19 .30 l 00  2'97 '05 '00 '9 1 
'19 .40 150 '61 .O2 '00 '95 

34'63 T 2  1 15.00 
'77 . l 5  

200 
300 

'50 
.25 

'02 
'02 

'00 
.O1 

'96 
'99 
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Hour. 1 1. f 0  C. 1 S O/ao 1 S1%o 1 Gl 1 '  Hour. 1 41. 1 t o  C 1 SO/oo I SiO/oo 1 GI 
- . 

15.30 
.40 

22.00 
16.00 

.30 
20.00 
18.00 

400 
500 
600 
800 

2000 
23GO 
2800 

Stat). 35. T7111 10-11. 70° 13' N, 2O 10' W. 
24.00 8'7 35'15 27'30 1 1 ::i: 1 1 i .82 

- 

Stat. 36. VI11 11. 70' 8' N ,  1" 10' W. 
2.00 O 8'4 35'16 27'35 

0 7  1 50 4'98 1 I l  1 1 '79 
2.10 100 '22 '13 '89 

- 

Stat.  37. T7III 11. 
4.00 O 8'3 35'17 27.39 

.80 
1 1 l - 1 1 1 1 8 4  

-p-p 

Stat. 38. VI11 11. 69O 58' N ,  0O 46 E .  
6.00 27'29 

Stat.  39. TTIII 11. 6!1° 53' N, 1 04' E. 

--p. 

1.55 
0'69 

'41"' 

- 0'32 
- 1'10"' 
-- '1 
- '1 

'11 I '91 

Stat.  46. VIII 13. 69 O 13' N,  10 40' E. 3000 in. 

34'99 
'99 
'97 
'95 
'94 
'93 
'94 

8.00 27'40 11 2000 '93 
- '94 1 :Y; l '77 I 3000 - 1'02 

26'58 
27'39 

'52 
'72 
.74 

'82 
'85 
'89 
'92 
'95 
.94? 
'95? 

28'03 
'03 
'08 
'1 O 
'12 
'12 

15.00 
B 

17.00 
15.15 

.20 
19.00 

. l 0  
15.30 
16.05 

.20 

.50 

.35 

14.00 

Stat.  44. 1'111 12. 69' 46' N ,  8 00' E. 

14.00 O 9'7 35'07 27'07 
. l 5  / 50 1 6'59 / '14 1 1 'GI 

Stat. 45. VIII 12. 

18.25 27'03 

34.97 
'91 
'96 
'92 
'91 
'9 1 
'111 

1500? - '($3 '93 

Stat.  41. VIII 14. 68" 55' N ,  13' 1 G '  E. 1317 m. 
Stat.  40. 1'111 11. 69" 51' N ,  2' 05' E. 

26'83 
27'24 

40 '11 '16 '5.5 
50 6'92 '17 35.17 

Stat.  41. T'III 11. 69' 51' N ,  4O 15' E. 7 5 '11 '13 27'66 
16.00 O 8 4  35'11 1 27'32 '04 '18 . l 6  

) .25 150 5'36 '16 1 1 1 :;i 1 i . . 

28'01 
'04 
.o7 
'08 
'10 
'10 
'10 

10'4 
5; 1 8.01 

3 0  200 4'79 '13 '13 

.25 1 400 3'68 / '11 300 '22 '10 
I / 12::; 500 3'49 '07 .O9 

34'58 
3513  / 35'13 

n 

75 
100 

n 
D 

150 
200 
300 
400 
500 
GOO? 
700? 
800 
900 

1000 

'82 
'87 
'93 

'14 
'17 
'17 

'15 
'15 
'12 
'11 
'O9 
'09 
'09 

34'99 
'97 
'94 

7'25 
6'02 
5'64 

'68 
.59 

4.96 
'58 
'11' 

3'73 
'35 
.74 
'35 

1'60 
'36 

- 0'08 

'1 6 

'1 3 
'12 
'10 
'011 
. l  4 
.O9 
'O0 

34'98 
'94 

s t a t . 4 2 .  T711111. 69' 5 1 i N ,  S 0  4 5 ' E .  i 
18.00 27.26 / 

'91 1 -- 
Stat. 43. T'III 1 1 - 1 2  68 52' N ,  5 o 15' E. 3000 m. 1 

.99 600 

23.05 
.O0 
.l 5 
.25 
.35 

0.25 
.35 

1.00 
. l 5  

27'05 
3 5 ' 1 3 '  '25 

800 - 0.17 
1000 1 -  7 3  

2'47 

9 65 
8'91 
7.49 
5'22 
4'54 

.33 
3'94 

'64 
'36 

0'14 
-0'04 

O 
20 
45 

100 
' 150 

200 
300 
400 
500 
600 

1000 
1100? 

. l 6  
'16 
'13 
'13 
'10 
'09 
'09 
.O8 

34.94 
.94 
.$l3 
.I)3 

35.02 
'12 
'1 6 
'17 
'16 
'16 
. l2  
' 1 0 
.O9 

' 0 f ? , : h 0 8  
34'94 

'49 
'80 
.85 
'88 
'90 
"J2 

28'07 
'08 
'1 1 
.12 i 

34,93 
9 4  

'0.5 

.93 
. 

34.93 1 28::; 
'94 

'04 

Stat. 48. VIII 18. Off. Arilceiies, Ofoteii. 

2000 - 0'94" 
3000 - l ' O  

10'0 
1: 1 9'55 31'10 

32 20 
'91 

33.15 
'39 

34'29 
'30 
'51 

2 O 
30 
4 O 
50 

1 O0 
>> 

120 

1 23'94 
25'02 

'75 
26'05 

'45 
27'32 

'32 
'30 

8'57 
7'32 
6'53 
4'74 

'08 
'18 

5'06 
150 
250 

Stat.  49. VIII 18. 08. Haviies, Ofoten. 
20 10'0 33.12 25'51 1 B i  1 L B ~  / ::U 1 1 26'!! 

6'36 '98 
'38 
'52 
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Stat. 60. T'III 18. Retureen Barøen & L~diiigen. 
O 1 0 9 0  

20 '19 33'21 
l 

25'54 
50 6'82 '74 26'47 
70 4'78 34'14 27 04 

1 00 .65 '25 .l 4 
150 '75 '19 .O9 

( 200 5.85 ,25 '00 

Stat. 51. VI11 22. 10 miles NW of Loppen. 
19.45 0 8'45 34'41 26'76 

.25 10 '08 '45 '85 

.50 20 7'76 '49 '92 

.30 5 0 '64 '50 '94 

.35 100 6'14 '52 27'18 

.40 150 4'85 '62 '4 1 

Stat. 52, VIII  24. Osterbotten, Porsaiiger Fjord. 
100 m. 

12.15 0 6'98 32'02 ' 25'1 0 
13.40 10 5'83 8 1  1 1 8 7  
12.10 20 4.19 33'44 26'55 

.30 30 2'56 '73 '93 
13.30 40 0'15 34'06 27'36 
12.25 50 - 0'66 '18 '50 
13.25 '22 '53 
12.20 90 - 1'13 1 .23 '56 

- 

Stat. 58. VIII  25. Porsanger Fjord (111 tlie middle 
of the  fjord, a little outside Kistrand). 200 m. 

10.30 0 7.6 32'65 25'51 
to  1 0 .25 '91 '76 

110011 20 6'48 33'70 26'49 
30 5'95 34'04 '82 
40 '63 '1 6 '96 
50 '43 '19 27'01 
70 4'98 '39 '22 

100 '77 '42 '25 
150 '25 '47 '36 
185 3'62 '52 '47 

Stat. 55. T'III 28. Porsaiiger Fjord, 4 miles NE 
of Lille Tamsø. 

9-1 1 0 ( 6'6 33'48 / 26'30 
20 '28 34'15 '88 
4 0 '33 '19 .90 
60 '29 .25 '94 
80 '45 '35 27'01 

100 5'88 '37 '09 
150 4'85 '47 '29 
200 3'74 '82 '70 

ti0 6'28 
80 '46 

Stat. 56. 7'111 28. 71" 05' N ,  2G0 17' E. 
26'95 

'83 1 27'15 
50 '82 '68 '22 
7 0 '77 '70 '24 

1 00 '07 '76 '37 
150 5.20 '81 '53 
200 4'49 '67 
300 3.93 '78 

Hour. / AI. / I" C. ( SO/oo S1'/oo 1 6L 
p~- .. ~ 

--p.- 

Stat. 67. VIII  29. 71" 36' N ,  25" 15' E. 
0 6'6 34'88 

20 1 .47 '92 1 27:ii 
50 5'98 '87 '47 
70 1 . 1 6  '9 7 '66 

100 4'98 35'00 '70 
150 '27 '02 '80 
200 3'73 '02 '86 1 300 '09 '03 '92 

Stat. 68. T7111 30. 72' 40' N, 23' 10' E. 
O 6'9 

'-l0 I 20 6.63 i 34'97 i 27'47 
50 '15 '98 '55 
70 5'05 35'08 '75 

100 4'68 ' 1  1 '83 
150 '32 '10 '86 
200 3'90 'l I '91 
300 '21 '09 , '96 

Stat. 59. IX 4. 73' 4' N, 20" 50' E. 
11 0 ' 5'3 
to 2 5 '25 34'72 27'45 

noon 50 4.06 35'02 '82 
75 3'83 '07 '88 

1 00 "i3 '09 '9 1 
150 '44 '07 '92 
200 2'92 '05 '95 
300 '26 '04 28'01 
400 1'82 '08 '07 

Stat. 60. IX 4. 73O 47' N, 19' 51' E. 

'91 l l 00  

Stat. 61. IX 4. 74" G '  N, 18" 50' E. 
20.30- O 1'3 3 3 ' 1 5 '  26.57 
21.30 1 0 '62 '24 '62 

20 - 0'35 34'00 27'34 
30 - 1'13 '22 '54 
40 - '08 '48 '76 
50 - '05 '61 '87 
60 - 0  42 '68 '89 
70 0'03 '74 '92 
90 - 0'19 '72 "J1 

Stat. 62. IX 5. 74" 15' N, 16" 50' E. 
9.15- 0 4'35 34'64 27'49 
10.15 10 5'17 '84 '55 

20 '40 '93 '59 
30 '31 35'04 'G9 
40 4'92 '06 .75 
60 '04 '12 '83 
80 '33 '15 '89 

100 '04 1 2  1 '90 
150 3.54 '07 '9 1 
200 '17 
260 1 2'09 34'99 

Stat. 63. IX 5. 74" 15' N, 15" 0' E. 
21.40 27'65 

.30 2 O '63 
20.50 '77 
21.35 7 O '35 '85 
20.55 100 3'93 '9 l 



O 6'9 34'99 
'25 35'02 

50 5'78 

. l 5  100 4.73 

. l 0  150 
200 3'72 

0 6'1 35.05 1 Stat. 68. I X  8. G9O 37' N, 11' 28' E. 
0 8'1 34'97 

50 4'34 35.11 '86 10.00 50 6'GO 35'17 
80 3'93 '91 9.55 

30 100 .O5 100 5'91 
.25 150 

.30 200 
. l 5  300 2'79 .20 300 4.59 

. l 5  400 3'95 
G30 0'49 34'97 '08 35'08 

22.05 830 --0'45 '93 34'92 '08 845 1'25 34'99 34'97 28'01 
21.25 1040 - '16 1045 -0'05 

1560 -1'09 2045 -0'9G 

5. 11 2 (15.0-15.50) 



NO. 21 

AL / to C. 1 s 0 / o n  1 of 

150 
200 
300 

1 M. 1 t ° C .  SO/oo 1 / W  / 1. I t 0 C . 1  s " / o o  01 
-p. .- --p 

5.11 / 35.03 27.705 
3'49 34.96 1 8 3  
1.56 1 '91 1 '99 

100 
150 
200 
243 

Stat. 12 A. II 14 (7.55-8.25). 
67' 54' N, 14O 00' E. 

75 
100 
150 

20 

Stat. 8. I1 3.  (15.45-17.0). 
63O 35' N, l o  04' E. 

0 
25 
50 
75 

100 
200 
300 

400 
p- 

700 3.94 '05 300 . l 7  35.07 / .X4 '845 - '55 
6'19 

5.73 
.73 
'33 

25 
40 

4'26 

'56 
34'02 

Stat. l 0  A. 11 12 (1 1). 
68' 00' N. 14O 24' E. 

125 1 4'39 1 33'52 / 26,595 

Stat. 11. I1 12 (16.40-17.20). 
G7O 39' N, 13" 07' E. 

i:: 
400 

7'0 
' O 1  

6'98 
'99 

7'01 
'02 

G'99 
'99 

5'98 

5'98 
ri'03 

69' 50' N, 15' 05' E. O 3'5 34'85 27'73 

O 
25 
50 
75 

100 
125 
150 
175 
200 

35.10 
'10 

'15 
.lg 
'22 

33'53 

Stat. 9. I1 11 (11.30-12.0). 
O'' N' 25i E' 87 m' 

::! 
'49 

P- 

27.G9 
'69 

50 
60 

26.615 

35'18 
'20 
'22 
'22 
'20 
'18 
'20 

35'10 

O 
10 
25 
50 
87 

34'78 1 27395 

O 
25 
5o 
75 

100 

300 
400 

x 

G00 
800 

4'06 
3'19 

'50 
'51 
'53 

27'585 
'G0 
'G25 
'62 
'G0 
'585 
'605 

Stat. 15. II 22 (17.10-19.0). 
71' 55' N, 22' 40' E. 

2GSG75 
'G55 
'G6 
'G4 
'G55 
.655 

'H55 
27'28 

4.5 
'78 
'775 
'775 
'775 
'77 

5'59 
6'42 
6'08 

27.715 : E i  '85 '73 

'76 
"J8 '81 
'99 . '825 

Stat. 12. 11 13 (17.25-19.5). 
67O 54' N, 14O 00' E. 290 m. 

4 9  
'O8 
'12 

.35 
'46 

.G05 
'61 
.62 1 

3'8 
4'10 

'23 
'28 
.32 

4.7 
5'01 
.18 
'25 
'16 
'03 

4.84 
'O0 

( '71) 
3.55 
2'45 
0'14 

33.63 
'G3 
.G4 
' G 1  
'63 
'G3 
'79 

34'14 
'G3 

'895 
( '69 

'925 

(28'01 
'l5 

'695 
.G9 
'73 

'07 
'08 

Stat. 13. II 18 (12.25-12.45). 
69' 29' N, l G O  32' E. 

%at. 10. I1 11 (15.30-16.15). 
68' 00' N, 14O 24' E. 243 m. 

34.97 
35'04 

'03 
'08 
'10 
'09 
'09 
'1 1 

(34.96) 
35.09 

'03 
34'87 

1000 1 0.40 
- 

Stat. 16. 11 23 (1.0-2.0). 
G9O 59' N, 12' 50' E. 

26'56 
,665 
'64 
. ~ 2 5  
.co 
.,j1 
,685 

'31 
27'27 

'38 
'455 
'46 

'855 
'95 '57 

'59 

Stat. 18. 11 28 (15.0-15.45). 
71° 04' N, 23O 40' E. 200 m. 

O 
25 
50 
75 

'O0 

33.52 
'54 
'55 
'55 
'57 

O 
25 
50 
75 

35.00 

'85 

Stat. 21. 111 3 (18.10-19.0). 
72' 30' N, 21' 40' E. 

O 
25 
50 
75 

100 
150 
200 
300 
400 

33.40 
'57 
' G 1  
'G0 
'54 
'57 
'G4 

34'48 
'G7 
'86 
'89 
'89 

O 3'8 
25 1 4'07 

G00 
G 3 5  / 800 
'645 

O 

50 
75 

100 

26'655 
.Gt 
'635 

'G4 

75 
100 
125 
150 
200 
300 '- 

50 
51 
G5 
80 

100 
125 
150 
175 
200 
240 
275 
290 

3'9 
.G8 

4'27 
.44 
'53 

'OG 
'07 
'07 
'07 
'07 
'07 

'87 
.90 
'93 
.92 
.83 
.29 

O 
25 
50 

4'7 
'GG 
'68 

. 'G8 
'GG 
'53 
'21 

3'92 
'37 

'70 
'74 
'49 
' G 1  
'75 

5'75 
6'46 

'30 
'G0 
'26 
'22 
'21 

3'1 

.O8 

'09 
'06 

stat. 14. II 18 (19.0-23.0). 
69' 43' N, l G O  15' E. 

26'625 
'G15 
'615 

4'4 33'56 1 '56 

'865 
'87 
'865 
'87 
'875 
'93 

35.03 
.O3 
'05 

3.8 
.84 
.80 

Stat. 22. 111 3 (23.15)--4 (0.20). 
73' 08' N, 20' 37' E. 

Stat. 17. 11 23 (9.0--11.0). 
70' 10' N, 10' 10' E. 

t90 1 1 4  

33'9G 
'92 

34'03 
'07 
'13 

'53 
'54 

27.85 
'845 
'86 

35'08 
'1 1 
'08 
'O8 
'08 
'08 
'05 
'07 

O 
25 
50 

'43 '445 

34'41 
'40 
'40 
.39 
'42 
'42 

26'99 
'975 

21'00 
'02 

O '  
25 
50 
75 

100 
125 
150 
200 
300 
400 '57 

'56 

27'80 
'82 
.792 
.80 
'81 
'845 
'85 
'925 

O 
25 
50 
75 

1 100 
125 
150 
200 
300 

5'6 35'08 27.69 
G3 / :y :  1 'G95 
.48 '72 

27'425 
'425 
'425 
'415 
'43 
'435 

500 4.97 'O6 .745 

34'12 
'31 
'5 1 
'49 
'68 
'G2 
'90 
'98 

35.06 
'09 

4.6 
'78 
'99 
.85 

5'88 
'43 

G.04 
.o3 

5.75 
.47 

35.06 
'OG 
'07 
'07 
'07 
'07 
'07 
'07 
'OG 

2'93 
.93 
'93 
.g3 
'93 
'95 
'93 
'G3 

27'04 
'175 
'3 1 
'305 
'33 
'355 
'495 
'56 
'G5 
.715 

stat. 19. 111 3 (8.0-9.0). 
71" 20' N, 23' 40' E. 

27'965 
'965 
9 7 5  
'975 
"J75 
'975 
'975 
'975 
'99 

27.67 
'G7 
'G65 
'G95 
'705 
.71 
'71 5 

O 
25 
50 
75 

loo 
125 
150 
200 

3'4 
.42 
.53 
.G4 
'87 
.X8 
'95 

34'76 
'76 
'77 
'81 
'86 
'87 
'88 

4'28 '97 '7 G 
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Stat. 38. IV 2 (10.0). 
70' 34' N, 21° 27' E. 

100 2'58' '05 
'05 28'015 

Stat. 42. 11' 9 (20.0). 
G9' 53' N, 17O 22' E. 

34'61 27'715 
Stat. 48. 11' 13 (20.0). 

'99 28.015 50 .68 
100 'ti7 35'01 

Stat. 25. 111 4 (14.10-15.5). 
73' 20' N, 19' 00' E. Stat. 81. I11 15 (15.0). 

70' 14' N, 32' 30' E. 180 m. 

Stat. 44. IV 1.5 (20.0). 
67' 45' N, 13' 50' E. 

Stat. 32. I11 16 (6.30). 
70° 24' N, 31' 20' E. 

72' 55' N, 15' 50' E. 

Stat. 88. I11 19 (9.0). 
70' 40' N, 31° 40' E. 

Stat. 46. IV 24 (11.0). 
70' 48' N, 23O 43' 1.). 



NO. 21 TABLE 11. - 1901, MAY 371 

1901, iiiay. Water-Uottle: PAT, p. Obs. H-H. 
Stat. 7. V (i (14.30--14.45) 100  -0'17 34'77 27'95 

63' 17' N, Z0 00' W. 125  -0'06 '81 

'(i65 200 0'07 '85 
'71 300 --0'01 '8ii 28.01 

400 -- '09 '91 
Stat. 8. V G' (22.35-23.15) 

63' 16'5 N, 2O 36' W. Stat. 13. V 10 (20.25-21.0) 

25 7'04 / 35'20 1 27'595 G G O  51' N, 9O 47' W. 

Stat. 2. P 5 (7.45-8.15) 
G l 0  20' N, 2O 42' E. 100 [6'55] [ '201 

'625 
p 

Stat. 4. V 5 (20.25-21.15) 
62O 10'  N, O 0  10' W. Stat. 10. V 9 (10.30-12.0) 

64O 08' N,  4O 52' W 

62' 28' N, l o  11 '  W. 

'98 28'01 

O 2'7 34'95 27'89 

'03 28'00 



Stat. 18. V i6 (22.25-24.0). 
67O 30' N,  0' 41' E. 600 0'47 34.94 28'05 

0 5'5 35'12 27'71 

25 5'86 35'23 27.77 '34 27'115 

'05 27'86 
200 2'77 34'98 

1902, May. Water-Uottle: PN, p. Obs.:  H-H. 

Stat. 8. T' 9 (15.0 --l 6.0). 
62' 26' N, 2O 29' W. 

O 7'6 35'34 27'625 

62' 19' N, O 0  49' W. 

Stat. 2. T' 6 (22.30-23.20). 150 .(i2 
Gl0 11' N, 3O 11' E. Stat. 9. 1' 10 (8.0-11.0). 

Ga0 50' N, 3O 08' W. 

O 1 8'1 35'34 / 27'545 

100 '82 35'07 50 7'86 (3.5'32) ( '57 ) 

Stat. 3. V 7 (6.0-6.30). 
G l 0  36' N, l o  47' E. 

Stat. 10. l7 10 (16.30-17.15). 



NO. 21 TARLE 11. - 1002, PIAY 373 

1 ai I nl.tOc. sooo 1 at / nr 

200 
300 
400 
G00 

-- -. - - -- 

Stat. 11. V l 1  (10.20-11.10). 
64O 48' 5 N, 7O OF' W. 

~ c . 1  s"ho 1 al 

Stat. 16. Y 14 (16.40-18.0). 
67@ 38' N, l o 0  15' W. 

O 
25 

1000 1 ::Q) 
34.50 

'63 

27.72 
'785 
'875 

28'02 

'92 1 0 9  

5.41 :::Y( 
4'16 

27.695 

50 

2'2 
.23 

2'83 
0'68 

'55 

100 
150 
200 
300 
400 

'94 
'92 

'81 
75 

. l o  

34'94 
'84 

'31 
'69 

2 O1 
1.57 

'09 

27'935 
'85 

'62 
'68 
'70 
'79 
'93 
'94 
'94 

1'65 
'84 

50 
75 

100 
150 
200 
300 
400 

p 

Stat. 28. V 17 @2.0-23.25). 

'95 
28.005 

'005 
07 

'085 

Stat. 12. T' 11 (16.0-17.0). 
65' 21' N, 7' 52' \V. 

'86 

'86 
'90 
'99 
9 4  
'95 

-1'36 
- '64 
- '66 
-0 85 

'25 
'14 

- '09 

O 
25 
50 
75 

100 
150 
200 
300 
400 

200 

'92 
'94 
'99 
'98 

28'02 

'86 

Stat. 21. V 17 (7.0-8.0). 
67' 29' 6 N, 3O 52' E. 

Stat. 17. V 15 (12.0-13.55). 
67' 27' 5 N, 7' 43' W. 

25 

'90 

0'35 
'21 
'13 

- '32 
- '36 
- '19 

'55 
'46 
'23 

300 
400 

'06 

27'73 
'705 
'725 

27'735 
'77 
.79 
'82 
'845 
.935 

0 

25 

50 
75 

100 
150 
200 
300 

400 

600 

Stat. 13. TT 11 (22.0-23.5). 
65O 58' N, 8' 42' W. 

'8 1 3'92 

- 1  
Stat. 14. V 12 (4.25-5.30). 

66O 38' N, 9' 30' W. 1 

67' 42' N, X0  55' E. 

35'17 
'14 
'15 

35'09 
'09 
'08 
'09 
'02 

34'99 

O 
25 
50 
75 

100 
150 
200 

34'67 
'59 
'60 
'67 
'68 
'76 
.87 
'93 
'94 

34'66 

'90 

.78 
'87 
'94 
'98 
'99 
'96 

9 5  

'95 

0.0 
1'94) 
1.92( 
0.36 

'83 
1.27 

qj7 
'27 

0'73 

} 
- '09 

O 
25 
50 
75 

l 00  
150 

'17 
- '02 

7 3  
'57 
'58 

1'87 

150 
200 
300 
400 

5'9 
'89 
.77 

5'28 
'02 

4'72 
.56 

27'84 
'78 
'795 
.875 
'885 
'94 
'99 

28'04 
.o65 

27'85 

.g25 

'93 
'97 

28'00 
'01 
'04 
'045 

'065 

.O9 

Stat. 22. V 17 (15.0-16.0). 
67O 36' N, 6@ 57' E. 

Stat 18. V 15. (22.50-21.0). 
67' 33' N, 4' 49' W. 

100 

35'01 

O 
25 
50 
75 

100 
)) 

150 
200 
300 
400 

)) 

600 

300 3'73 
400 1 2'70 
P- 

-!l 3 
- '04 
- '52 
- '76 
- '87 
- '88 

'92 

0 
'82.5 

'05 
'05 
'04 

34'98 
34'68 

'71 
.$)i 

35'08 
'O9 
'08 
'12 
'1 1 
'1 1 
'10 
'10 
'02 

6.2 
' l 5  
'14 
'29 
'19 
'23 
'12 

5'96 
'80 
'50 
'52 

3'46 

O 
25 
50 
75 

100 
150 
200 
300 
400 

O 
25 
50 
75 

100 
150 
200 
300 
400 

2'94 

'985 
i l i5  
'98 
.g95 

27'29 
'325 
'5 1 
'60 
'625 
'6 1 
.G55 
'67 
'69 
'72 
'72 
'875 

P- 

Stat. 24. TT 18 (3.0-4.10). 
67' 44' N, lo0 35' E. 

35.14 
'12 
'1 1 
'1 2 
'11 
'10 
'11 
'O0 

6'7 
.45 
'22 
'12 
'02 

5'59 
.41 
'13 

3'45 

34'51 
'47 
'52 
'56 
'G0 
'67 

28:ua5 50 
'06 75 

'03 

4'0 

, 

stat. 19. V 16 (9.15 -10.0). 
67O 40' N, 2' 00' W. 

27.63 
'64 
'65 
'67 
.715 
'73 
'77 
'865 

27'745 
'70 
'765 
'8 1 
'845 
,905 i 

27'815 
'815 
'875 
'905 
'925 

28'00 
28'03 

.O6 1 

.O6 1 

-0'4 
- '29 
- 82 
-1'19 
- '11 
-0'23 

O 43 
'32 
'14 

1 
I 

Stat. 16. V 1 3  (9 50-11.0). 
o 6 N, 1 0  4 1 ,  

27'195 
'205 
'24 
'315 

'40 '425 
'425 
'485 
'59 

O 

25 
50 

100 75 
110 
135 
165 

'35 
'O1 

34'97 

31'59 
'60 
'64 
'6G 
'69 
'83 

34 91 
'94 
'93 

27'87 
'78 
'83 
'86 
'885 

27'90 
'945 
'96 
.g95 

O 
25 
50 
75 

100 
150 
200 
300 
400 

O 
25 
50 
75 

100 

27'79 

5'5 
.48 
'25 
'39 

'05 '14 

'28 
'63 
'94 .B9 / 150 

'02 
'04 

4'2 
4'29 
3.63 

'10 
'12 

3'08 
2'71 

'27 
1'80 

-0'2 
- '67 
-1'39 
- '67 
- '59 

34.41 
'45 
'46 
'5 6 

'62 '69 

.70 
'83 

35'00 

Stat. 20. T' 16 (20.0-22.35). 
67O 21' 6 N, O 0  56' E. 

'885 
'935 

35'10 
'O0 

34.98 
'96 
98 

35'00 
'O0 

34'97 
'97 

150 ,-0.64 

300 '14 
400 - .O5 

- '34 
600 - .37 5.84 

34'48 
'44 
'61 
.G8 
'73 

27'655 

'605 .G1 

'645 
'66 

O 

100 
. l 2  

27'715 
.715 
'88 

'97 
'81 

'91 

'C5 

28 01 l '045 
'08 

'lo5 

6'5 / 35'19 

'63 
'33 
'20 

' l 6  '16 

'15 
'15 





NO. 21 TABLE 111. - CAPEELA 1901. 376 

Time. 
- - - 

1'11 13, 12 
16 
2 1 

VI1 14, 1 
VI1 31, 12 

17 
22 

VI11 1, 5 
11 
15.30 
2 o 
24 

VI11 2, 4 
7.30 
10 
13 
19.30 
2 3 

VI11 3, 4 
10.30 
13 
15.15 
17.15 
19.15 
23.15 

VI11 4, 12 
20 
24 

VI11 5, 3 
6 
9.30 
14.30 
2 o 

1'111 6, 8 
16 
20 
24 

VI11 7, 5.30 
12 
16 
10.30 
23 

IX 1,12 
l (i 
20 
24 

1Y 2, 4 

8 
12 
1 6 
20 
24 

IX 3, 4 
8 

IX 4,16 
2 o 
24 

IX 5, 4 
8 
12 
18 

1x15, 12 
1 R 

Loiig. i0 C. ) S O/OO. 1 1  Time. 1  at. 
. - - -- 

E N 
52' 7' 1'5 34'52 VI11 8, 2 69' 13' 
530 20' 1'6 '49 5 
54' 30' 1'8 '22 8 1' 

30' 1'6 '36 11 

9.8 .O7 1 1  
9. 10' 1 i:; 1 .O8 l? 1 58O 23' 

.o7 Il 
SIS Egil, Capt. HAUELAND, of Bergen. 1901. 

N 
3' 55' 12.6 34.56 IY 16, 12 1 

E l 122 35'28 1x21, 20 
2' 16' 13'0 '02 
lo' l 24 1 64' 32' lo 21' 11'8 '17 IX 22, 4 1 6' 

0° 27' 11'2 '33 8 63' 59' 
W 12 41' 
0° 29' 11'6 '17 16 26' 

39' 11'0 '25 20 8' 
lo 46' 10'8 '07 24 62O 49' 
2' 52' 10'0 1x23, 4 35' 
3' 58' 9'8 IY 24, 4 O' 
5O 3' 9'7 '25 G Gl0 53' 
G0 10' 10'4 '20 8 49' 
8O 23' 10'6 10 44' 
9'14' 10.6 '12 12 41' 
lo0 10' 10'0 34'81 14 38' 
Il0 3' 9'2 '73 1 ti 36' 

46' 8'8 '81 18 31' 
12' 48' 7'2 '69 20 26' 

6'8 22 23' 
9.0 32.00 1 24 20' 
8'2 34'27 IX 25. 2 17' 

Long. 
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Time. 
-- 

1 
Lat. 
--P -- 

N 
61° 14' 

11' 
9' 14' 

0°  13' 
40' 12'0 

lo 6' 12 11 

Hekla, Capt. A. 

S '/on. / I  Time. 1 Lat. 1 
- - 

p -- 

N 
35 21 IS 25, l 6  60° 59' 

'29 18 56' 
'23 2 O 54' 

2 2  52' 
24  50' '9: 11 1, 26, 2 

'06 4 44' 

MAIICKJSSEN, of Sandefjord. 1901. 



Time. 1 Lat. 1 Loiig 1 f0 C. / S Oloo.  I Time. ) I.:*t. 
p - - 

N W N 
V 22, 4 l 67' 39' 20° 19' 1'2 34.23 V l 15 (il" 32' 

12  25' 41' 0.7 '03 2 1 28' 
20 28' 21' 23' 0'2 33 Gfi 24 32' 

V 23, 8 24' 22' 16' 2'5 38' 
2 O 11' 23'40' 1'2 8 44' 

V 27, 20 66' 30' 25' 12' 2'0 33'20 11 47' 
\J 28, 12 27' 26' 17' 0'5 17 55' 

20 22' 27' 14' 0'5 20 63" 2' 
VI 1 , 1 2  65'59' 6' 

1711 15, 20 40' 2U0 3' 9.0 ' O 1  4' 
24 24' 25' 42' 9'0 17 62'58' 

VI1 16, G 12' 31' 9'0 '99 24 56' 
13  64O 45' 52' 
18  20' 10' 9'5 .O1 19 48' 
24 5' O' 9'5 'O8 24 42' 

VI1 17, 12 63" 40' 24' 32' 9.5 '07 VI1 23, 4 36' 
20 25' 15' 8'7 . l 7  12  14' 

VI1 18, 12 62' 57' 14' 9'7 . l 6  16 4' 
l 9 50' 23' 27' 9'7 '15 24 G l o  47' 
22 43' 22' 40' 9'5 '14 VI1 24, 4 40' 

VI1 19. 3 38' 21' 50' 9'5 '1G 8 30' 
8 35' 20' 58' 9'7 '1 7 2' 

12 35' 19' 40' 9.5 '12 1 

I Hvidfiskeii, Capt. Flr. SVEXBSBN, of Tromsø. 1901. I 



IV 3, 1 2  
l (i 

IV 4, 8 
l (i 

IV 5, 8 
1 2  

IV (i, 8 
1 8  

IV 7, 8 
12 
1 8  

IV 8 ,  8 
1 G 
20 

IV 9, 8 
l (i 

IV 10, 8 
2 0 

IV I l ,  8 / 
IV 12. 12 l 

$78 HELLAND-I3ANSEN AND NANSEN [REP. NORW. FISB. 11 
...--p- .- 

i i m e  l ~ a l .  l 1.0iig. / 1 .  C. 1 s ~ l o ~ .  l T ime  l Lat. 
.- .- - .- ~--.--p- . -~ 

Jasai, Capt. INGV. SVESDSES, of Tromsø. 1901. 

12'  
Gl0 36' 

22' 
45' 
52' 

Ga0 49' 
03O 15'  

35' 
54' 

G l 0  13 '  
20' 
14 '  

ti' 
1 0' 

63" 47' 
25' 

1 ' 
62' 51' 

E 
19O 35' 
18' 54' 
IS0 31' 

2' 
1 2 O G '  
1 1 ° 4 2 '  
10° 31' 

0)' 30' 
12O 50' 

V 11 ,  1 2  
1 7  

V 12,  8 
1 6  

V 1 3 , 1 2  
1 8  

T7 14, 1 6  
24 

V l(;, 4 

IEvilr, Capt. N .J. Nrr.srsn., of Saildefjord. 1901. 

W N 

2O 23' G 5 IV 13, 64' 43' 
3' 7' (i'8 65O G '  

8 '  6'2 1 U 17' 

5 '9  
5'3 
6'1 
5 ' 3  
4'4 

N 
70' 29' 

46' 
71° 50' 
7Z0 28' 
73'25' 

32' 
52' 

74O 0' 
18 '  

O' 
2' 40' 

2' 
l01O '  
2" 37' 

53' 
3' 22' 

40' 
4O 12 '  

27' 
5O 29' 
G O  12' 
5' 12 '  

VI11 8, 1 6  1 20 
24 

VI11 9, 4 1 G 

34.30 
'58 

35'10 
'10 
'16 

L 4  
7'8 
8'4 
8'4 
8'4 
5 9  
7'5 

4' 36' 5'5 '19 
13 '  5 0  '25 IV 21, 22' 

G9O 2' 
G8O 43' 

7'5 
7'5 
7'0 
6'5 
5 '0  
4'9 
4 G 
4'3 
3'9 
3.9 
3'0 
4'0 
3 '8  

N 
74' 51' 

47' 
41' 
30' 
18' 

4'1 
2'4 
2'3 

35.01 
'01 
'01 

34.96 
35'01 
34.90 

'59 
29'26 

23' / 12'42' 
l , 19'  
14 '  47' 
17 '  13' 24' 
15 '  58' 
18 '  14'41' 

39' 
39' 
39' 

8 3'  
34'89 

'97 1 2  40' 

22 
\J 21, 1 2  24 

1 2  8 
V 27, 22 

4'0 13O 55' V 17,  1 2  

21' 
25' 

VI 5, 8 
VI  9,  1 2  
VI 14,  1 2  
VI 16, 1 2  
VI 18, 12 
VI 19, 4 

'30 
'32 
'39 
'29 
'1 8 
'09 
'12 
4 4  

34'98 
'97 
'92 

35'03 
'03 

E 
13O 38' 
14O 2' 

36' 
13' 51' 

39' 

73'48' 

15O 30' 
16" 24' 

15' 
2' 

72O48' 
37' 
20' 

4'  

2 '1  

6.0 
G.3 
7.3 

.99 

42' 1 3 5 0 3  
17O G' '03 

26' 7'4 '01 
21' 34'90 

'01 

18 '  
17' 

74' 52' 
75' 9' 

26' 
76' 0' 

2 0 , 
IV 15,  8 

12 
l (i 
20 

1V 15, 8 
I V  l G ,  l(; 
1V 17, 8 

20 
I v  18,  8 

2 0 
IV 19,  1 2  
1V 20, 8 

'07 
'07 
'03 

8 '3  

5 '6  
6'4 
6'5 
6'0 
6.4 

1 20 

VI 20, 1 2  
VI  21, 1 2  

20 
V1 22, 1 2  
V1 24, 4 

12 
VI 25, 8 
VI 2(i, 20 

TI11 4, 20 
VI11 7, 12 

1 5  
l 8  
2 1 
%4 

VI11 8, 4 
8 

12 

27' 
52' 

G U O  25' 
44' 

G7O 1' 
30' 
42' 
43' 
45' 
10 '  
42' 
41' 
50' 

34'99 

35'03 
'05 
'1 0 
'08 
'1 1 

'42 1 U 

9' 48' 
13' 57' 
11" 42' 
12O 26' 

3'  
1 l o  3'  ;t , *:: 34.90 

18°1G1 XG '73 
28' 9.1 '78 
35' 1 9.1 '74 
41' 9.1 '51 

32' 8 '  

30' 
51' 

77' 5' 
7G0 59' 
77O 25' 

42' 
48' 

78O X'  
77' 42' 

22' 
4' 

7G0 43' 
26' 

8'  
75O 50' 

32' 
74O 56' 

19' 0' 
31' 

1 '0  
2'8 
2'1 
2 '1  
2'4 
2'4 

9.4 '57 
9 . 6 1  3 1  

l o 0  49' 
4' 

11' 0' 
'J0 44' 

I l 0  40' 
10' 58' 
I l 0  45' 

28' 
14O 42' 
13O 15'  

'87 
35'04 
34'84 

'8(i 
'85 
'88 

20° 8 '  '5:) 

48' 9'4 '18 
'lfi 

(i' 9'7 '02 

2 '1  
2'1 
3'5 
2'7 
4'4 
4'6 
1'9 
1'3 
4'2 
4'0 

24 
V111 11,  4 

8 
1 2  
1 5  
17 

22' 
12 '  

19'43' 
27' 

9' 

8 
G '  5'8 '0 1 12 
0' 5 '8  l (i 
G'  5'9 20 
(i' 5'7 24 
G' 5'5 

15' 5'1 31'98 8 

9'9 32'71 
8'9 1 'G7 

'53 
8'5 
8'5 

'85 
'78 
'89 
'G2 
' G G  
'G0 
'54 
'23 

32'40 

35' 
27' 
13' 
1' 

G9O 50' 
48' 
4 G '  

71° 47' i 35' 
24 18' 

VI11 12,  2 / 3' 
4 / 70'49' 
8 

1 2  
20 
24 

I 3 4 

35' 
49' 
59' 

71° 8 '  
70° 54' 



NO. 21 

-p- 

Lat. 
----.p 

N 
G8O 21' 
670 49' 

49' 
(is0 0' 

1' 
67O 58' 

44' 
7 ' 
6' 
2' 
2 ' 
3' 

12 '  
34' 
34' 
20' 
13 '  
1 6' 
17' 

7 ' 
14'  
16 '  
18 '  

660 53' 
68O 4' 

40' 
55' 

G9O 4' 
12' 
52' 
49' 
41' 
13 '  

5' 
G8O 38' 

29' 
21' 
12' 

0' 
67O 58' 
68O 1' 

04' 
4' 

67O 50' 
42' 
39' 

0' 
6G0 48' 

53' 
6 i 0  G' 

12'  
16 '  
18' 
12 '  
22' 

2' 
3'  

1 0' 
l t i '  
l 0' 
26' 
17 '  
13 '  

4' 
6U0 44' 

55' 

-- P- 

l 

VI 9, 8 
20 

IJI  10, 1 6  
24 

I VI 11, 8 
l 6 
24 

VI I 2  4 
1 2  
20 

VI 13,  8 
1 6 

VI 14,  8 
2 0 

VI 15,  8 
20 

VI 16,  8 

VI 17, 8 

1 VI 22, 1 2  
VI 23, 8 
VI 24, 8 

1 2  
1 6  

VI 25, 1 2  
VI  26, 8 

2 0 
V1 27, l 2  

20 
VI 29, 1 6  

24 
VI 30, 8 

1 6  
2 4 

/ V11 4, l2 
20 

VI1 5, 8 
1 6 
24 

t VI1 7, 1 2  
1 VI1 8,  8 
/ VI1 9, 8 

1 2  

l 
1 2  
20 

VI1 14, 4 
1 2  1 24 

I 1 5  4 
1 2  
2 0 

l '  

Lat. 1 
N 

G6O 51' 
51' 
19' 

3'  
65' 50' 

44' 
44' 
45' 
43' 
33' 
13' 
1' 
3' 

12 '  
64O 56' 
G5O 2' 
64' 44' 

40' 
35' 
48' 

65O 6' 
64O 51' 
65' 5'  

26' 
1 8' 

64' 20' 
4' 

63O 48' 
19 '  

3' 
5' I 17' 

62' 59' 
63O 10' 

12 '  
14 '  
16 '  

5'  
1 ' 
5' 

13 '  
40' 
25' 
16 '  

62' 50' 1 
63O 13' 

4' 
3' 

16 '  
62' 58' 

50' 
45' 
36' 
38' 
32' 
24' 
13 '  

61° 58' 
51' 
30' 
13 '  

60' 52' 
45' 
45' 

l 
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I aranin, Capt. C H ~ .  LARSEN, of Aales~i i ld .  190i. I 

I Aksel, Capt. N. J. NIELSEN, of Saildefjord. 1902. I 
1V 11, 1 2  

2 O 
IV 15, 8 

1 6  
IV 16, 8 
1V i n ,  8 

20 
IV 20, 8 

20 
IV 21, 8 

2 0 
11' 2 2 ,  8 
IV 23, 8 

2 0 
IV  21, 8 
IV 25, 8 

2 0 
1V 26, 8 
IV 27, 12 
IV 28, 1 0  

20 
IV 20, 20 
1V 30, 18  
V 1, 8 
V 2, 20 
V 3, 4 

8 
2 0 

V 4, 8 
V 5, 8 
V (i, 1 2  
v 7, 1 2  
1: 8, 1 2  
V 10, 1 2  

2 0 
V 11, 1 2  
V 12, 8 

20 
V 13, 8 -- 
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1 Time. Lat. 
.- 

N 
67' 8' 

5' 
10' 
27' 
1' 
21' 
36' 
48' 

GXO 10' 
2 ' 
O' 

67O 48' 
39' 
2G' 
20' 
0' 

6G0 49' 
21' 
0' 

650 52' 
37' 
23' 
17' 
21' 
14' 
8' 
4' 
0' 

64' 32' 
16' 

G3O 55' 
41' 
42' 
58' 

G4O 7' 
22' 
1 ' 

63O 43' 
25' 

62O 54' 
63' 2' 

1' 
0' 
3' 
28' 

Long. 
P- - 

W 
9O 12' 
8' 57' 

45' 
9O 24' 
11' 23' 
12O (j' 

1 l o  38' 
41' 

12O 10' 
Il0 55' 

26' 
lo0 42' 

1 O' 
no 43' 

24' 
7O 45' 
GO 45' 

Il' 
36' 

7O 35' 
27' 

GO 56' 
25' 
20' 
7 ' 
4' 

50 54' 
44' 
49' 
49' 
44' 

4" 46' 
28' 

(i0 0' 
31' 
42' 

7O 3' 
5 ' 
5' 

(j0 30' 
5O 50' 
10' 

4O l(;' 
4' 
23' 

Time. 
-- 

VI 20, 20 
VI 21, 4 

12 
20 

VI 22, 4 
12 
24 

VI 23, 12 
20 

VI 24, 4 
20 
24 

VI 25, 20 
VI 20, 12 
VI 27, 8 

12 
20 

VI 28, 8 
20 

VI 29, 12 
24 

VI 30, 4 
24 

VI1 1, 8 
VI1 2, 12 
VI1 3, 8 

12 
20 

VI1 4, 8 
VI1 5, 8 
VI1 6, 8 

20 
VI1 7, 8 

20 
VI1 9, 8 

20 
VI1 10, 8 

1 G 
VI1 11, 8 

20 
VI1 12, 12 
V I I 1 3 ,  8 
VI1 14, 20 
V11 15, 20 
VI1 16, 8 

Lat. 

N 
63O 46' 
64' 14' 
G5O O' 

2' 
3' 
4' 

G4O 45' 
28' 
13' 

63O 44' 
24' 
35' 
43' 
48' 
19' 
45' 
31' 
15' 
2' 
7' 
17' 
21' 
13' 
11' 
8' 
0' 
2' 
12' 

Ga0 58' 
G3O 5' 

20' 
10' 
21' 

620 54' 
63O 12' 
GZO 54' 
63' 0' 

8' 
62O 48' 
G3O 12' 
62' 58' 
63O 4' 
62O 50' 

24' 
37' 

IIvidfiskeii, Capt. FR. SVENDSEN, of Tromsø. 1002. 
N 

70' 4' 
34' 

71° 7' 
28' 
38' 
54' 

72O-10' 
16' 
22' 
33' 
32' 
14' 
O' 
2' 
37' 

73O 5' 
26' 

( 11' 

E 
19' 40' 1 4'0 34'38 

'48 
'91 

35'18 
'08 
'08 
'14 
'05 
'18 
'15 
'l5 
'17 
'17 
'17 
'15 
.l5 
'10 

22' 
18O 19' 
17' 41' 

G' 
lGO 12' 
14E52' 
13' 7' 
12'51' 

1' 
Il0 25' 
9O 49' 

14' 
10° 28' 

14' 
14' 
2' 

Il0 15' 1 3.7 / 'O0 / i  VI 7, 4 

4'5 
5'3 
6'0 
5.7 
5'6 
5'4 
5.4 
5.4 
5'0 
4.3 
4.0 
3'9 
43 
4'0 
4.2 
3 

1 

30' 

V25,20 
V 26, 12 

20 
V 27, 12 
V 28, 12 

24 
V 30, 12 
V 31, 12 

VI 1, 12 
20 

VI 2, 12 
VI 3, 4 

20 
VI 4, 12 
VI 5, 4 

12 
VI 6, 8 

8' 2' 

N I E  
73O19' 

41' 
45' 
57' 
50' 

74' 9' 
72O 59' 

33' 
73'28' 

50' 
74O 13' 

39' 
50' 
49' 
58' 

75' 19' 
28' 

Il0 5' 
'J0 22' 
8' 15' 
11'29' 

50' 
6' 

10' 22' 
53' 

12'27' 
lo0 30' 
9' 41' 
20' 
38' 

8' 55' 
10' 38' 

46' 
30' 
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l i m e .  I L ~ I .  1 ~ . o i i g  i i m e  Lat. Long. 1' C. S 'loa 
.. . - - ~ - p -p . --p- l l 1 

--p-p - . 

N E N E 
VI  8, 12 75O 35' 9' O'  2.3 35'05 VI 20, 1 2  76O 43' 7' 35' 3'7 34'73 
VI 9, 4 40' 20' 2'5 '05 VI 21, 20 40' 8" 32' 3'5 

1 2  22' 8' 10' 1'3 34'94 VI 25, 20 45' 9O 38' 5.0 '12 
VI 11, 4 10" 25' 2'3 35'05 VI 26, 1 2  i s 0  2' 8" 28' '33 
VI 12, 12 1 $J0 40' 2'7 / 0 4  / VI 27, 20 76" 56' 
VI 13,  12 24' 9" 1' 3'3 '07 VI 28, 1 2  49' g0 9 '  5.0 .U8 
VI 14, 12 1'1 29, 12 7 i 0  39' 12' 0' 2.0 34'24 
VI 15, 12 24 78'11' 14O 0' 1.3 'U6 
VI 16, 1 2  VI 30, 24 i' 12O 34' 2.9 '16 
VI 18, 1 2  55' 20' VI1 3, 20 0'4 '25 
VI 19, 1 2  1 76" 13' 56' 

Rivalen, Capt. H. ANIIRESEN, of STOI~SØ.  l!POB. 
N E N E 

V 29, 20 72O 10' 19'20' 5'0 34.90 1 VI11 1, 24 77' 5'  14' 0' 3'0 33'22 
V 30, 8 73" 0' 20' 10 '  5'0 35'17 VI11 3,  18 20' 13O 40' 2.5 32.97 

1 2  25' 30' 4'0 '17 ITIII  4, 8 50' 12' 20' 6'0 34'38 
1 6 45' 40' 4'0 '17 24 78' 20' :?O 50' 5 '0  '05 

V 31, 8 74" 0 '  10 '  4 '0  '17 VI11 $ 1 2  79'30' 1 0 ° 2 0 '  5'0 33'76 
24 10 '  19"40 i  3'5 '17 V I I I  6 , 1 2  52' 11" 0' 4'0 34'04 

VI 1, 6 30' 20' O' 2 '5  ' l 5  VI11 13, 20 55' l o 0  50' 4.0 '00 
l 2  45' 21" 10 '  1 '5  '04 VI11 15, 20 50' 13O 0' 2 '5  33'15 
20 30' 23' 10 '  - 1'0 '18 VI11 16, 20 45' 12' 45' 3 '5  '91 

VI 3, 1 2  ' 50' 20' O'  0'0 34'92 VI11 19, 1 8  55' 1 3 O O '  3.0 '47 
VI  4, 20 75' 10' l X O  15 '  1'2 '77 VI11 23, 20 80" 30' l X O  30' 0.5 '34 
VI 8, 24 30' 17' 10 '  - 1 '96 VI11 28, 22 U '  20 '  3 '5  1 '06 
VI 11, 20 20' 15' 50' 0'0 33'69 VI11 31, 1 2  79' 48' 12" 50' 4'5 l '49 
VI 17, 1 8  10 '  16O 40' 2.2 1 '98 I S  3, 24 '10 
V1 18,  8 25' 17"101  2'2 '58 I S  (i, 1 8  D<- 25' 1 / 32'72 
V1 20, 1 2  1 50' 30' - U5 35'21 I S  7, 6 8 5 1 7 3 0  2 '5  33.56 
VI 21, 20 l 74O 50' 16' 40' 1.5 34'11 1); 9 ,  8 30' / 8' 20' 34'59 
V I 2 8 ,  l(; 75" 0' 17O 0' 1.0 35.26 i 1 G 1 0' 3 0  1 i: 3 5 0 5  

VI1 1, 8 30' 0' 3 .0  34'26 I S  10. 8 71O 40' 
' ' I l '  U '  1 33'86 

VI1 3, 20 74O 11' 10' 2'0 '13 I S  11, 20 30' 1 12O 20' 0.0 34.04 
VI1 5, 20 73O 50' 30' 1 '0  32'78 I S  12. 8 10 '  12" 0' 3.0 35.08 
VI1 7, 1 8  55' 20' 2'2 33'57 IX 13,  8 iG050 '  15' 3 '5  34'9 
VI1 10, 20 30' 18" 0' 3'0 '76 12 20' 30' 4'0 35'02 

0' 20' 4'5 34'98. 
75" 40' 13' 0' 4'5 35.01 / 5'0 '06 

5'0 '19 
'16 

15' 0' 6 '0  '15 
7 ' 1  6.0 '15 33 

16O 0' G.0 '04 
VI1 19,  12 30' 7'0 '01 
VI1 20, 20 45' 20' 17' 0' 7'5 '02 
VI1 21, 8 35' 17O 40' 0'5 33'86 IX 17, 8 70' 40' 30' 7'5 '12 
VI1 23, 8 10' 20' 4.5 31'75 1 2  O' 0' 7'5 34.99 

1 6  5' 1 0' 30' 8'0 '24 
VI1 24, 20 25' 18O 0' .2 '0  '00 211 20' 18O 0' 8 '5  '28 
V I I 2 6 ,  (i 35' 40' 2.0 33.79 / I S  18, (i 69' 50' l io  0' 7.5 33.12 
VI1 27, 8 76O 30' 16' 35' 1.0 '10 1 1 1  35' 18' 0' 7'0 . l 0  
VI1 29, 8 40' 20' 2.0 .30 1 

Thora de11 'Blide, Cnpt. I'. CHII. ISAI<SEX, of T r o r n s ~ .  1902. 
N l E  N E 

V 8,  1 2  71' 10' i 26O 40' 2 2 34'75 V 19, 12 ) 73" 20' 34- 15 '  1 0'5 34'25 1 
V 9, 1 2  53' 32' 4' 1 .5 '74 i V 21, 12 O' O' -- 1 '0  '875 

24 72" 3' :L4O 10' 0'5 .77 V 22, 1 2  25' 33" 20' - 2'0 '41 
V 10, 1 2  13 '  15 '  0'5 '79 V 23, 1 8  O' 20' - 1'5 '77 
V 11, 1 8  71° 30' 35" 20' - 1'0 ' 42  V 24, 12 35' 350 3' - 2.0 .(i8 
V 12, 24 70° 50' 36'30' - 2'0 '70 V 25, 1 8  72O 12' 10 '  - 1 '4  '78 
V 13, 12 71" 15 '  34' 40' - 2'0 '43 24 71' 50' 36" 3' - 1.3 j .47 
1 7  15. l 2  73O 0' 20' - 1.5 '32 v 26, 1 2  30' 1 0 '  1 .:l6 
V 16, 1 2  3' 1 - 1.5 1 V 27, 1 2  33' 

2;; V 18, 1 2  72" 50' - 0'5 '3.5 "' 11 V 28, 1 2  12 '  
. - -- - - - - 



NO. 21 
,--p- 

TAK1,E 111. - THOIIA DEN BLIDEPVEGA 1902 

I.oiig. i I" C 1 S " i o o .  Time. 1 1.r t  ( ~.o!ig. 1 I" C. 1 
~ 

--p- - . p -p- p ~. 

E N 
34'27 VI 16,  I S  74' 55 '  

37O 30' - 1'1 '18 VI 17, 1 2  75' 2' 23O 10' 1 '0  
40' - 1'5 '11 VI 18, 1 2  74' 39' 20° 30' 1'5 

38' 10' '14 VI 19, 1 2  35' lXO 10' 2'0 
37' 40' - 2'0 '43 VI 20. 1 2  13' 19O O' - 0'5 
38' 20' - 1'0 '23 VI 21, 1 2  45' 2 I C  10 '  0'0 
3g0 O '  - 1'0 '14 VI 22, 1 2  50' 22' O'  1 '0  

10' - 1'0 '41 V1 23, 1 2  7 s 3  5' 233 10' 0'5 
3G0 40' - 0 '3  '-59 1 8  74O 40' 15' 1'2 

0' 1'0 'G1 V I 2 4 , 1 8  55' 22' O' 1 '3  
35' 40' 1'0 '81 VI 27, 1 2  5 21° 20' 1 '5  

10 '  1 '3  '81 VI 29, 24 35' 2Z0 20' 2 0 
40' 0'5 'G1 VI1 G, 1 2  75' 5' 23O 20' 2'5 
20' 1 ' 0  '71 24 10' 24' 20' 2'0 
15' 1'5 35.00 VI1 7, 24 7' 25'30' 0 5 

VI1 11, 1 2  74' 38' 2G0 10' 0'5 
VI1 16,  1 2  45' 22' 5' - 0 '3  , VII 21, 1 2  35' 18O O' 2.0 1 

Tegn, Cap t .  A. Mancuss i~~ ,  of Sa i lde f j o rd .  1902. 
E N E 

5O 42' 1 '5  32'00 111 17, 8 70° 59' O0 48' 2'7 
8 '  1 ' 5  '00 12 71°20 '  1 ° 2 0 '  2'0 

4O 30' 2 '5  '20 l (i 32' 56' 2'0 
1' 4'0 34'51 l 9  43' O' 1 '5 

3' 30' 4'7 35'32 22 52' O 0  25' - 1.5 
3' 4'7 '30 W 

2' 43' 4'7 '27 111 18, 8 72O 1' 0° 30' -2'0 
26' 4.7 '37 1 4  15' 1 ° 2 0 '  -2 .0  

1 ° 3 0 '  5 0 1  '48 2 O 25' 2' 1' - 2'0 
20' 5'2 '48 111 19, G 41' 2O 40' - 2'0 
10 '  5'7 '37 1 2  73O 0' 3O 1 '  - -2 '0  
25' 5.7 '40 1 1  111 20, l 2  72O 21)' 5' 47' - 2'0 
50' 5.7 I 1 8  18' 7' 17 '  - 2'0 

2O 13 '  5.2 0 8  IV 11, 20 69' 8 '  I l 0  45' - 2'0 
3 '  4'7 '10 V 4, 12 74O 12'  4O 29' - 1 '7  

l o  53' 4'7 '075 26' 40' - 1 '7  
45' - 5 ' 5  '47 20 40' 53' - 1.5 
34' 5.5 4 4  24 56' 5O 7' - 1'2 
26' 5'0 V 5, 8 75O 8 '  20' - 1'2 
15' 5'2 1 2  20' 32' - 1'5 

G '  5 '2  '29 18: / 55' - 1.7 
0° 55' 5 0  '24 V G ,  4 28 6' 20' - 1'7 

44' 4.7 '17 20 37' 25' - 2'0 
32' 4.5 '34 V 8, 24 50' 5O 22' - 1'7 
20' 4'5 '24 V 9, 1 2  7G0 10 '  3O 50' - 1'7 

5' 4'0 '17 22 7S045'  2' - 1 '0  
W TT 10, 8 20' 4' 25' - 2'0 

O01G' 4'0 '13 20 35' j o  0' - 2.0 
37' 4'0 '25 V 13 ,  24 44' 3' 30' - 1'7 
50' 9 '2  '04 V 19, 24 - 7Y0 14 '  5O 9' - 1'7 

l o  8' 2'2 '07 V 21, 20 72O 53' U 0  10 '  - 1 '7  
20' 2'7 '14 V 22, 1 2  0' 9' 20' - 1'5 

6' 3'0 '14 1 5  71'47' 60' 1 - 1.7 
0° 50' 2'7 '19 1 8  32' l o 0  20' - 1'7 

42' 3'2 '16 21 20' 50' - 1'5 
26' 4.0 '1G 24 4' I l 0  10' - 1'7 
24' 3'0 '13 V 23, 3 70°50 '  40' - 1'7 
22' 3'C '30 6 35' 58' - 1'7 
20' 3.0 2 3  9 20' 12' 30' - 1'2 
18 '  3'0 '32 12 O' 13O 4' -1 '2  
19 '  3.0 . l 9  1 5  69O 42' 41' - 1 '2  
14' 3'0 2 3  1 8  24' 14' 18 '  - 1 '2  

O' 3'0 '24 21  G '  55' - 1'2 
E 24 G8O 50' 15O 30' - 1'2 

V 34 2 3%' 1 liO O' - 1.5 



384 HELLAND-HANSEK ANLI NANSEN [REP. NORW. FISH. II 
-- 

I Time. Lat. Time. 

I Aksel, Capt. N. J .  NIELSEN, of Sandefjord. 1003. I 

to C I S O/oo. 

8.1 
'O 
G'G 
7'3 
6'9 
'7 
7'2 
'1 
'2 
'3 
'4 

7'4 
'G 
'G 
'7 
'8 
'8 

0'7 
7'4 
6'5 
'5 
'4 
7.1 
6'8 
7'9 
'9 
'9 
'2 
7'3 . .- -- 

3'2 
3'2 
3'7 
4'0 
4'0 
4'7 
5'7 
6'0 
6'7 
7'2 
7'2 
6'7 
5.5 
G'O 
6'5 
7'0 
7'2 
7'2 
7'7 
8'0 
8'2 
8'5 

N 
Gl0 11' 

3' 
5' 
7 ' 
15' 
7' 
14' 
22' 
31' 
35' 
24' 
21' 
20' 
23' 

r <  L .> 
G2O 8' 

11' 
14' 
18' 
30' 
36' 
43' 
51' 

63' G' 
29' 
39' 
46' 
50' 
44' 
36' 
44' 
54' 

G4O ti' 

-- 

W 
x0 16' 
7O 50' 

20' 
GO 50' 

12' 
5' 30' 

(i' 
4O 17' 
3O 31' 

12' 
10' 

2' 50' 
45' 
33' 
30' 

lo 35' 
48' 

2' 0' 
9' 
20' 
25' 
30' 
43' 

3O G' 
18' 
34' 
20' 
20' 
18' 
28' 
28' 
24' 

20 43' 

9'0 l 
9'7 l 



NO. 21 TABLE 111. - BICSEL-FORTUNA-HVIDFISImN 1903 
- 

386 

1' 19, 8 04' 19' 

29' 4' 10' 

52' 5 O  35' 

Fortuiin, Capt. A .  13. A ~ ~ a ~ a n i s i i x ,  of Sandefjord. 1903. 
Jii~ie 1003. 

49 



386 HELLAND-HANSEN AND NANSEN [REP. NORW. FISH. 11 

N E N E 
VI1 26, 20 77" 33' 15" 12' 4'7 33.06 IX 2, 1 G  72' 56' 17" 36' 

VI11 10, 20 1 X3 1 12' 
3'7 32'50 20 36' 

VI11 14, 20 12' 0'2 31'42 24 
2.8 
2'2 
2.4 
2'0 
1'7 
1'3 
3'9 
6'1 
6'4 
G'9 
6.7 
7'5 

12' 
14' 39' 

18' 
13' 30' 
14" 7' 

40' 
13" 58' 
14' 38' 
15' 12' 
l G "  18' 

48' 
17" 17' 

VI11 23, 20 
VI11 27, 20 
VI11 29, 20 
VI11 30, 12 

TT111 31, 8 
IX 1, 8 

16 
20 

I S  2, 4 
8 

12 

33' 
32' 
40' 
26' 

8' 
76' 55' 

16' 
7.5'33' 

19' 
74' 25' 
73'48' 

15' 

32'01 
31'50 

'70 
32'67 

'56 
.40 

34'42 
'96 
'95 
.87 

V 14,  12 
24 

V 15, 8 
12 
20 

V 16, 4 
8 

12 
16 
24 

V 17, 8 
l 6  
24 

V 18, 12 
24 

V 19, 18 
24 

V 20, 7 
12 

18  
23 

V 21, G 
V 22, 24 
V 24, 20 

1 V 26, 20 
TT 27, 20 
7 2 l 
V 30, 8 
V 31, G 

VI 1, 8 
VI 2, 18 

24 
VI 3, 12  
TTI 4, 12  

VI 5, 24 
VI 8, 12 
VI 9, 24 
VI 14, 20 
VI 17, 8 
VI 19, 20 
VI 20, 16 
VI 21, 20 

1903. 
N 

74' 20' 
33' 
50' 

75' 5' 
20' 
53' 

76' 50' 
77O 10' 

30' 
56' 

78" 26' 
30' 

79" O' 
52' 
56' 
58' 
52' 
40' 

80" 5' 
29' 

79" 48' 
80' 18' 

10' 
14' 
32' 
40' 
30' 

79' 50' 
18' 
54' 
52' 
40' 
33' 

O' 
78O 35' 

5' 
77O 35' 

O'  
7G0 20' 
75' 55' 

30' 
10' 

74' 50' 
30' 
15' 

73' 50' 

IX 3, 4 
8 

20 
IX 4, 20 
IX 5, 8 

12  
20 

I S  6, 8 
12 

IX 7, 8 

N 
60" 45' 

25' 
45' 
50' 

i O O  10' 
25' 
40' 

7 1 ' 0 '  
15' 
30' 
45' 

72'30' 
55' 

73" 25' 
45' 

74' O' 
10' 
20' 
35' 

74C 65' 
55' 

75' 10' 
15' 

O'  
10' 
20' 

7G0 4' 
15' 

O'  

7G0 10' 
20' 
18' 
33' 
25' 

7U0 30' 
20' 
1 O' 

75" 50' 
30' 
10' 

O'  
74O 50' 

'G2 1 
'G1 i 

1'1 23, 12 
VI 25, 20 
VI 28, 12 

V11 l ,  8 30' 

Rivalen, Capt. 

8' 
71'46' 

28' 
72' 11' 
71' 33' 

29' 
2' 

70" 52' 
35' 
31' 

25' G" O' -- 0'5 12 

8" G' 0'5 '38 20 i!' / 4' 30' 1.0 1 2 6  24 / 

33.65 
'G4 
'75 

34'60 
. l 4  
'45 

33'48 
'50 
'G8 

34'53 
'33 
'74 
' l 7  
.4l  

33.73 
32'88 
34'24 

.22 
33'63 

'59 
'71 
'54 
'G2 

32'45 
33'22 
32'76 

'89 
34'29 
33'87 

'69 
'59 
'12 
'10 
'95 

34'67 
'53 

33'46 
'40 
'54 

34.55 
'56 

35.05 
'03 
'OG 

34'97 
'97 

20' -- 0'8 9 

W 
G' O'  
8" O' 
G" O' 
4' O' 
2 ' 0 '  

30' 
E 

1" 40' 
3" O' 

30' 
4" O'  
2" O' 
5O O' 

10' O' 
50' 

12" O' 
30' 

13O 50' 
20' 

12" 10' 
13" 40' 
14' 20' 
l X O  O' 
17' 40' 
18" 20' 
20' O' 

30' 
22" 10' 
15" 30' 
16" 10' 
12* 20' 
10' 50' 
11°40'  
10" 20' 

9' 20' 
O' 

30' 
13" 20' 

10' 
15" 10' 

O' 
0' 

10' 
20' 
25' 
40' 

E 
18' 30' 

O' 
17' 50' 

40' 
20' 

l G O  40' 
O'  

12OO'  
10" 30' 

8' 10' 
G' 5' 

O'  
5' 50' 

4' 
G" 10' 

O'  
4" 40' 
2' O' 
O" 50' 
W 

2" O' 
4" O' 
5' 30' 
(io O' 
'i0 20' 
6' 30' 
3'' 20' 
3' O'  
1" 20' 
O" O' 

E 
1" O' 
O" O'  
1" 0' 

30' 
2" 20' 
W 

lo  30' 
2O O' 

30' 
3" O' 
l o  0' 
3" 54' 
4' O' 

H.  ANDRESEN, of Tromsø. 

34'29 11 VI1 4, 12 

IX 8, 8 
2 O 

1'0 
0'5 
1'0 
2'0 
1.8 
1'8 

0.0 
1'0 
1'0 
2'2 
3'0 
4'0 
3'2 
2.0 
2'0 
2.0 
2'0 
2.5 
1.5 
1.5 
2.0 

- 1'0 
1'0 

- 0'5 
0.0 
0.0 

- 1.0 
2'5 
1'0 
2'5 
2.5 
1.8 
1.5 
2'0 
2'5 
2'0 
1'0 
1'0 
1'0 
1.5 
2'0 
4'0 
4'5 
5'0 
5'5 
5'8 

/ 4.0 
5.0 
5'0 
5'2 
5'0 
5'0 
5'2 
5.2 
4.8 
4'8 
4'0 
3'5 
3'0 

- 0'5 
- 1'0 
- 1'0 
- 1.5 
- 1.8 
- -  2 O 

- 2'0 
- 2'2 
- 2'2 
-- 1'5 
- 2'0 
- 2'0 
- 2'0 
- 1'8 
- 1'8 
- 1'0 

- 1'5 
- 1.2 
- 1'2 
-- 1'0 
- 0  8 

- 1 O 
- 1.0 
- 1'0 
- 1 0  
- 1'0 
- 1.0 
- 1'0 

'74 
'48 

35'07 

35'13 
.30 
'17 
'04 
'14 

34'47 
'35 
'46 
'39 
'74 
'81 

34'72 
'83 
'73 
'28 

33'80 
34'19 
33'68 

'53 
'75 

34'74 

34'78 

34'45 
'37 
'73 

34.78 

33'08 
34'65 

'84 

25' 
9' 

17' 40' 
59' 

19' 11' 
32' 
41' 
47' 
54' 
40' 

24 
VI1 12, G 

12  

VI1 14, 24 
VI1 15, 19 
VI1 17, 24 
VI1 18, 12 
VI1 20, 12 

24 
VI1 21, 8 
VI1 23, 20 
VI1 25, 12 
VI1 30, 12 

VI11 1, 12 
VIII 6, 20 
VI11 7, 24 
VI11 8, 20 
VI11 13, 12  
VI11 l(>, G 

24 
V111 19, 24 
VI11 23, 24 
VI11 31, 8 

24 
IX 5, 12 
1X 10, 12 
I X  12, 18 
IX 15, 20 
I 6 
IX 20, G 

12 
18 
24 

IX 21, 6 
18 

I S  22, 12 
18  
24 

IX 23, 3 

3' 

8 2 
8'3 
8'2 
8'2 
8'2 
8'1 
8'0 
8'0 
8'0 
9'1 

j 

20" 2' 

'34 
'42 
'22 
'39 
'48 
'47 
'33 
'26 
.20 

33'96 

G 

8'6 
8'0 

'90 
'13 
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~ -- - ~ ----p -~~ ~- P- 

ppppp 

N E I ii9"401 17' O'  9.0 1 33.91 
16 l 20' lG040' 8 5 '89 

8'5 34'20 
8'0 '05 
G'5 
6'0 

32'66 
'56 

5'0 33'41 

'I'liora (le11 Blide, Capt. P. CHR. ISAI<SEX, o f  T~OIIISQ. 1903. 

N E N E 
IV 19, 18 70'25' 21'26' 3'0 34'49 VI G, 18 75O 20' 33'20' - 1.5 '45 
IV 20, G 31' 22O 56' 3 O 'G5 1'1 7, G 30' 0' - 1'5 '49 
IV 24, 12 51' 23O 47' 3'0 '57 18 30' 32' - 1 ,5 '54 
IV 25, 16 3'0 '71 VI 9, 12  45' 30° - 1'5 '10 

24 71°10' 27' 3'5 '78 24 45' 29O - 1'5 '40 
IV 26, G 0' 29O 3'0 '77 V 1 1 1 , 1 2  35' 2X0 30' - 1'5 '52 

16 70' 50' 30° 10' 3'0 'X2 VI 13, 12 7G0 0' 2.5' - 0.5 '17 
VI 27, 8 10' 31° 50' 3'0 '82 24 15' 2 j 0  0'5 '50 

l G  11' 33O 10' 2'5 VI 15, (i 75O 50' 28O O0 '34 
20 GgO 55' 35O 8' 2'5 '80 VI 16, 12 7G0 30' 29O 1'0 '80 

IV 28, 8 
70° 20: l 

12' 2.0 '84 VI 17, 12 O' 27' 1'0 '89 
18  30' 1.5 1 .84 1 l 12 15. 30' 25' 0'5 33'87 

I\' 29, (i 30' 37O 0'5 '89 VI 19, (i 25' 24O 0'5 34'21 
12 49' 39' 28' - 1'0 'G9 VI 20, G 10' 23' 50' 1.0 '14 
18 50' 41' - 1'0 'G9 V1 21, G 35' 30' - 1'0 33.62 

IV 30, 4 30. 42" 10) -- 0.5 4 4  12 20' 5' - 1'0 .75 
16 10' 41' 50' '55 24 15' 21" :$O' 1.0 34'42 

V 1 ,  16 1 O' 30' - 1.5 .54 1 VI 23, 12 15' 20° 2'0 '44 
V 2, 12 o' 40° 30' - 2.0 '11 I VI 24, 12 20' 19O 10' 0'5 '23 
V 4, 6 G9O 40' 41° 10' - 2'0 '33 VI 25, 12  35' 19' O'  - 0'5 
v 5, 12 25' 50' - 1'5 '50 VI 26, 12 74O 50' 20° - 1.0 
V 6, 24 40' 42O 0' - 1'5 '49 VI 27, 12 40' 22' -- 1'0 34'18 
V 7, 12 70°10' 10' - 1'5 '39 VI 29, G 50' 23O 1'0 '08 
V 10, 12 O' 41° 40' --- 2'0 '38 VI 30, 6 50' 23O 1'0 33.77 

V 11, 18 25' 0' - 1'5 33'47 VI1 2, 12 40' 22' 30' 2 O 34'26 
V 12, 12 58' 43O - 2'0 34'76 VI1 5, 12  75' O' 30' 1'5 33'46 
V 13, 12 71° 40' 42' - 0 5 '76 VI1 (i, 12 74" 45' 10' 1'5 '50 

18 72O O' 42O 0'0 '78 VI1 7, 12 50' 21° 20' 1'0 32'74 
V 14, 12 20' 41° 30' O O '58 VI1 9, 12 75O O' 22' O' 1'0 '84 
V 15. 12 12' 40° 30' - 1.0 '45 VI1 12, 12 30' 30' 1.0 1 1 \l 17, 12 15' 39O 30' - 1'0 '49 24 36' 23' 30' 1'0 34.38 
\l 20, 12 
V 22. G 
\r 23, 12 
V 26, 18  
V 27, 12 
V 28, 24 
\T 31, 12  

VI 3, 12 
VI 4, 12 

24 
VI 5, 18  
VI 6, G 

20' 
30' 

73O 20' 
45' 

72O 55' 
35' 
40' 

73O 5' 
30' 
55' 

74O25' 
50' 

40° 
39O 
38' 40' 
39O O' 

30' 
40° 30' 
38O 
3R0 
38O 30' 

O' 
37' 
35O 40' 

'3G 
'G9 
'84 
'17 
'19 
'G3 
'75 
'22 
'34 
'G0 
'G4 
'78 

- 1'0 
- 0.5 

0'0 
- 1'0 
-- 1'0 
- 1'0 
- 0'5 
- 1'5 
- l 
- 1'5 
- 1'5 
- 1'5 

VI1 15, 12 
VI1 17, 24 
VI1 19, 12 

18  
24 

VI1 20, 12  
24 

VI1 21, l 2  
24 

VI1 22, G 
12 

301 
15' 

74' 40' 
15' 

73O 35' 
O '  

72O 20' 
O' 

71° 40' 
15' 

70' 40' 

1'0 
1'5 
2 5 
4.0 
5'0 
5 0  
5'5 
6'0 
6.5 
7.0 
7'0 

O' 
22O 10' 

0' 
21° 30' 

30' 
O'  
O'  

22' O' 
23O O' 
22O 30' 
23' O' 

33'68 
'19 

34'56 
35'04 

'04 
'06 

34'97 
35'07 
34'88 
33'51 

'52 



HELLAND-HANSEN AND NANSEN 

Time. Lat. 
- .-p 

N 
62O 40' 

39' 
27' 
31' 
30' 
58' 

63' 15' 
33' 
51' 
45' 

64' 11' 
35' 
53' 
57' 

65' O' 
21' 

6G0 0' 
22' 
24' 
22' 
27' 
28' 
34' 
37' 
39' 
42' 
58' 

67O 28' 
33' 
24' 
27' 
26' 
19' 
15' 

0' 
66" 56' 

54' 
32' 
10' 

7 ' 
13' 
19' 
38' 
59' 

67O 11' 
24' 
27' 
15' 

66' 59' 
67O 25' 

42' 
51' 
36' 
53' 
42' 
32' 
36' 
38' 
24' 
31' 
29' 

I 16' 

1 16' 
5 ' 
9' 

Af io  58' 

Time. 
-- - 
P- 

VI l, 20 
VI 2, 12 
VI 3, 8 

2 0 
VI 4, 8 

20 
VI 5, 12 
VI ti, 8 
171 7, 8 \ 
VI 8, 8 

2 o 
T 9 8 

20 
VI 10, 8 

2 o 
VI 11, 20 
VI 13, 8 

20 
VI 14, 8 

2 o 
VI 15, 8 

2 o 
VI 16, 8 

20 
VI 17, 8 

20 
VI 18, 8 

20 
VI 19, 8 

20 
VI 20, 20 
VI 21, 8 

2 o 
VI 22, 8 

12 
l 6  
20 

VI 23, 8 
1 ti 
20 

VI 24, 16 
VI 25, 8 

20 
VI 26, 8 

20 
VI 27, 8 

12 
20 

VI 28, 8 
2 0 

1'1 29, 8 
20 

\'I 30. 8 
20 

VI1 1, 8 
VI1 2, 8 

20 
VI1 3, 20 
VI1 4, 8 

20 
VI1 5, 8 

20 
VI1 6, 8 

20 
VI1 7, 8 

2 n 

Lat. 
-P 

N 
67O 1 '  

1 0' 
17' 
4' 
5' 
2' 
7' 

17' 
11' 

O' 
2' 

10' 
22' 
21' 

O'  
1' 
7' 

24' 
l '  

66' 52' 
51' 
38' 
25' 

8 ' 
9' 

20' 
3' 

65' 40' 
42' 
23' 
13' 
l 0' 

0' 
64' 43' 

28' 
1 0' 

63O 54' 
64O 11' 
63' 42' 

30' 
18' 

5' 
0' 
1' 
4' 
3' 

62' 34' 
36' 
30' 
49' 

63O 5' 
7 ' 

62' 58' 
51' 
54' 

63' O'  
62' 57' 
63O 10' 

9' 
8' 
7' 

10' 
9' 
4 ' 

62' 59' 
46' 
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Time. L i t .  
- - 

N 
63" 3' 

O '  
62' 50' 

57' 
63' 6' 

9' 
ti' 
6' 
7 ' 

10' 

Rivalen, Capt. 
E 1 18' 30' 1 4.0 1 

r Tirne. t at. - 
1 ~ o i l g .  1 I" C. / s i o n .  

.- p -p- - - 
P- 

P P- P 

35'11 1 VI1 14, 8 '1 4 
'O 1 20 G '  Lo 27' 10'8 1 0 6  
.O1 VI1 15, 8 1 4' 25' 10 '6 34'90 
'07 V 1 1 1 5 , 1 2  9 5" 9' 11.0 35 02 
4 9  I 6  9' 5 lo'(; 34 99 
'04 20 5 (i0 32' 11'1 / 15'13 
'03 V11 16, 8 0' 55' 1 1 0  1 .O7 
'04 'P 1 
'O 1 55' '18 

11. ~ ~ X I > R I ~ S R N .  of T ~ o ~ s o .  1!)0P. 

VI1 (i, 8 
VI1 7, 19 
VI1 8, 12 

10 
VI1 9, l(; 
VI1 10, 1 0  

16 
2 4 

VI1 11, 6 
12 
18  
24 

VI1 12, (i 
12 
18  

VI1 13, 10 
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pp.-pp.p .. .- -p. 

Time. 
- 

IX 11, 24 
I S  12, G 

12 
18  

1X 13, 4 
12 
18  

Lat. 
- 

N 
72O 38' 

20' 
71" 50' 

25' 
O' 

70' 35' 
20' 

Long. 
- -- -- 

E 
153  25' 

40' 
30' 
35' 

l G O  0' 
30' 
40' 

Long. 
- p- 

E 
:7O 0' 

30' 
18O 0' 

N 
69O 52' 
70° 28' 

50' 
46' 

71' 24' 
51' 

72O 2' 
71° 57' 

55' 
30' 
54' 

72' 50' 
73O 3' 

16' 
58' 

74O 10' 
(i' 
9' 

73O 42' 
31' 

74' 8 '  
14' 
17' 

72' 41' 
25' 
28' 
57' 

73' 26' 
74O 24' 

46' 



Supplement to Tables 

Surfa,ce-Observatioils, July-September, 1900. 

This table was printed for the Memoir originally planiied by 
Nansen o11 the Cruise of 1900 (inentioned in tlie Preface). 

Supplementary Table 2. 

Observations at the Statlons, June-Jilily, 1902. 





Explanation of Table 1, 
showing the Horizontal Distribution of Temperature, 

E alinify and D.ensify on the Surface of the 
Norwegian Sea, July-Sept., 1900. 

21 zd Colz~vzn. 
3rd Coiunzn. 
4t72 Colurnn. 
5 th  Colztm?~. 

6th Colunzn. 

Number of the Stations, where'series of deep-sea teinpe- 
ratures and water samples were taken. 
Date and Hour of observation. 
North Latitude. 
Longitude Eas t  (E) or West (W) of Greenwich. 
Temperature of Sea Surface, corrected for ilistruniental 
errors. 
Permillage of Chloriiie (Halogen) determined by Titratiull. 
An aste?-isk after the figure inclicates tliat two titrntions 
have been made. 
Salinity (O/oo), derived by M. Knudsen's Tables froin per- 
millage of chlorine. 
Specific Gravity (8;) of Water Samples, clerived by M. 
Knudsen's Tables from permillage of chlorine. Deciinals 
froni only the second to the fifth place are recorded, 
26.73 = 1'02673. 
Deiisity (S i) of Surface-Water. 02.79 = 1'00279. 
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NO. 21 TABLE I. TEMP. ETC., O F  SEA SURFACE. v 

1900 
Date and Honr 

Jul y 
27, 10 p m .  

11 ,, 
Midn. 

28. 3 a.in. 

1 p.m. 
5 ,, 
7 j, 

9 ,, 
9.15 n 

9.30 ,, 
10 ,, 
11 ,; 

Midn. 
29, 1 a.in. 

2 ,, 
3 ,, 
4 ,, 
5 ,, 
6: ,, 

North 
Latitiide 

Surf. 
I 1- 

7 8 9 - -- 

t Salinity s o s - 
O100 4 4 

I I I 



VI NANSEN. PHYS. OCEANOGRAPHY O F  NORWEGIAN SEA. ['Vol. 11 

1900 1 
r Date n i d  Honr Latitude m Surf. 

Jtcly O C 
30, 11 p.m. 66O 6' 23043' W 10'75 18'91 34.16 27.45 26.19 

I!iiclri. 1 11.66 18'435 33.31 26.77 25.37 
31, 1 a.m. Dyra Fjord 11.2 18'366 33'18 26 66 25.35 



NO. 21 TABLE 1. TEMP., ETC., O F  SEA SURFACE VI1 

6 
p 

O/OO 

01. 

4 

Longitude 

3 

North 
Latitude 

42 

ø 

7 -- 

%O 
Salinity 

5 
p 

Gorr. 

of Sea 
Teiny. 

Surf. 
Date and Hour 

I 
3409 
34'03 
33.88 
33'87 
33'91 
33'85 
34'03 
33'93 
33'88 
38'82 
33'79 
33'84 
34'09 
34'04 
33'98 
34'03 
34'27 
34'39 
34'42 
34'36 
34'25 
34'08 
34'30 
34'33 
34'45 
3452 
34'36 
34'24 
34'24 
34'32 
34'45 
34'57 
34'20 
34'17 
3422 
34'35 
34'07 
34'08 
34'38 

34.29 
34'38 
34'34 
34'26 
34'13 
34'14 
34'13 
33.82 
33'77 
33'27 
33'23 
33'30 
33'00 

16O 12' W 
16 58 ,, 
15 36 ,, 
15 25 ,, 
l 5  20 ,, 
15 14 ,, 
15 9 ,, 
15 3 ,, 
15 3 , 
15 O ,, 
1 4 5 2  ,, 
14 45 ,, 
14 37 ,, 
14 30 ,, 
14 25 ,, 
14 13 ,, 
14 2 ,, 
13 50 ,, 
13 38 ,, 
13 26 ,, 
13 20 ,, 
13 14 ,, 
13 8 ,, 

6S0 36' 
66 39 
66 46 
66 53 
66 56'5 
67 O 
67 3'5 
67 7 
67 7 
67 12 
6 7 1 6  
67 20 
67 24 
67 28 
67 30 
67 38 
67 45 
67 53 
68 O 
68 11 
68 16 
68 21 
68 26 

-- 

15 

16 

17 

8 

4 
S 2 

I 

27.39 
27.35 
27.23 
27.22 
27.25 
27.20 
27.35 
27.26 
27.23 
27.18 
27.16 
27.19 
27.39 
27.35 
27.31 
27.35 
27.54 
27.64 
27.65 
27.61 
2'7.52 
27.39 
27.56 
27.58 
27.68 
27.74 
27.61 
27.52 
27.52 
27.58 
28.68 
27.78 
27.48 
27.46 
27.49 
27.61 
27.38 
27.39 
27.63 

27.55 
27.63 
27.60 
27.53 
27.42 
27.44 
27.42 
27.18 
27.13 
26.73 
26.71 
26.75 
26.52 

August 
5, 8 a.m. 

9 ,, 
10.40 ,, 
5 p m .  
5.30 ,, 
6 ,, 
6.30 ,, 
7 ,, 
7.15 ,, 
8 ,, 
8.30 ,, 
9 ,, 
9.30 ,, 

10 ,, 
Midn. 

6, 1 a.m. 
2 ,, 
3 ,, 
4 ,, 
6 ,, 
7 ,, 
8 ,, 
9 ,, 

S - 
4 

0 C 
5'0 
5'7 
6'8 
7'4 
7.6 
7'7 
7'9 
7'5 
7'5 
7'7 
7'7 
7'7 
7'5 
7'5 
7'4 
7'4 
7'0 
6'3 
6.1 
5 9  
5'5 
5.3 
4'45 

I 
26.97 
26.85 
26.59 
26.50 
26.50 
26.44 
26.56 
26.52 
26.49 
26.42 
26.40 
26.43 
26.65 
26.61 
26.59 
26.73 
26.86 
27.06 
27.10 
27.08 
27.04 
26.94 
87.20 
27.10 
27.20 
27.22 
27.10 
27.02 
27.02 
37.17 
27.27 
27.30 
27.00 
27.08 
27.03 
27.13 
26.98 
26.99 
27.25 

27.18 
27.25 
27.22 
27.25 
27.10 
27.17 
27.13 
26.93 
26.89 
26.44 
26.41 
26.43 

18 

19 
19 a 

20 

21 
22 
28 
24 

25 

I 
18 87 
18.835 
18'755 
18'745 
18'77 
18'735 
l 8  835* 
18'78 
18'755 
18 78 
18'705 
18'73 
18'87* 
18'84 
18'81 
18'835 
18'97 
19'036 
19'055 
19'02 
18'96 
18'865 
18'985 

5.5 
5.5 
5'8 
5.8 
5'7 
5'7 
4'9 
4'9 
5'5 
5'5 
4 7  
5.4 
5'5 
4 9  
4'9 
4'6 
4'5 
452  
4'6 
4'6 
3.7 
4.1 
3'6 
3'8 
3.4 
3'35 
3'9 
4'0 
4 2  
4'7 

- 

10 ,, 
Noon 

2 p m .  
4 ,, 
5.15 ,, 
7.30 ,, 

10 ,, 
I l  ,, 
Midn. 

7, 1 a.in. 
2 ,, 
3 ,, 
4 ,, 
5 ,, 
6 ,, 
7 ,, 
8 ,, 

10.30 ,, 
Noon 

0.30 p m .  
2 ,, 
2.45 ,, 
3.40 ,, 
5 ,, 
6 ,, 
7 ,, 
9 ,, 

8, 10.30 a.m. 
11.15 ,, 

9, 1 n.in. 

19'005 
19'07 
19.11 
19'02 
18'955 
18'955 
18'995 
19'07 
19'135 
18'93 
18'915 
18'945 
19.015 
18'86 
18.865 
19 03 

18'98 
19'03 
19'01 
18'965 
18%k5* 
18'90* 
18'895 
18'72 
18'605 
18'415 
18'395 
18.435 
18'265 

68 31 13 2 ,, 
68 42 12 50 ,, 
68 53 l12 30 ,, 

26.15 I 

69 4 
O9 9 
69 9 
69 23 
69 31 
69 38 

. 69 45 
69 52 
69 59 
70 6 
70 14 
70 21 
70 28 
70 35 
70 37 
70 44 
70 47 
70 46 
70 45 
70 45 
70 48 
70 51 
70 55 
70 55 
70 55 

Jan 

12 10 ,, 
12 O ,, 
12 O ,, 
11 52 ,, 
11 48 ,, 
11 43 ,, 
11 39 ,, 
l 1  35 ,, 
l 31 , 
11 27 ,, 
11 22 ,, 
1 18 , 
l 14 ,, 
l O ,, 
l 3 , 
10 50 ,, 
10 40 ,, 
10 O ,, 
9 52 ,, 
9 35 ,, 
9 30 ,, 
9 24 
9 20 
9 10 ,, 
8 28 ,, 

Mayen 
70 47 1 7O50'W 
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G 
.d += l900 

Date and Hour 
N o r t  l i o r r '  

Latitnde Longitude Telnp' 
of See 

Gl. Saliuity s'? 
Oioo O/oo 4 

2 ,l 

3 ,, 
30 4 11 

5 ,, 
5.30 ,, 

31 6 11 

7 ,, 
7.30 ,, 

32 8 ,1 

33 a 9.15 ,, 
33 a 10.30 ,, 
33 b 11.30 ,, 
33 c 11.45 ,, * 
34 a l p.ni. 
34 2 J, 

3.30 ,, 
10.15 ,, 

36 Midn. 
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8 -- 

I s ;  
.p 

Corr. 
1900 

Loilgitutle T e m p  C1. Salinit8y 
Date and Ho.. I l o  e O O O  

Siiif. 
l I I 

Østerhotteil 
iii Porsailger <ioi.(l 

Porsanger Fjord at Kistrand 
1'oi.saeger F,jord 

4' N E  off L. Taiiisn 
71° 5' l 2G016'5E 
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No. 21 APPENDiX TABLE 2. OBSERVATIONS AT THE STATIONS JUNE-JULY, 1902. X1 

Appendix Table 2. 

Observations at the Stations June-July, 1902. 

'FF. ~~i~~ Gt i .V. P C .  / SOI, ot 1 1  M. 1 P C .  I s ~ , ~ ~ ~  

l 

t 

t 

' 

' 

100 7.98 35'16 ,665 
RO 8'57 300 4 9 4  1 i 6  

Station 34 a. 75 ' O 1  400 , 240  3493 .g05 
1902 VI 26 (9.30-10.30) 100 7 77 'd7 

62') 53' N, 4O 14' E. 150 '67 2 4  Statioil 42. 
0 9.74 34.19 26.385 200 1902 VIT I ( l 5  55-17.0) 

25 8.73 '24 .(j85 300 '17 .l7 "i0 62l) 37' N, 2" 36' TV 

50 '22 .35'01 
27:;;; li 400 4.91 l U8 .775 

75 7.97 '18 25 7'70 i 
100 .98 '29 .52 Statioii 38 b. DO 5.65 '64 
150 '38 '26 '59 

6 4  ' /  1902 29 (22.0-22 30) Neaily 100 3.50 
i salne positioii as 38 a. 550 in. '820 

150 265  '94 .895 
.67 i O 9.8 I 35.17 27.14 200 1.73 .89 

- 1  300 / e 2 5  '17 1 '670 300 0.95 '93 9 6 5  
Statioii 34 b. 5.50 -0.07 1 34'96 28'09 400 0.54 1 .g3 28.04 

1902 V1 26 (23.40) Saine 
positioii a s  Stat. 34 a. Statioii 39. Stati011 43. 

700 / 1.28 1 34.98 1 28.035 
-- 1902 VI7 2 (9.55-10.47) 

62" 28' N, S0 14' \V. 430 in. 
Slation 35 

7.93 '28 

Statioii 32. 
1902 U 2 5  (18.55-1930) Suieii- 

fjorcl (Søi~dinøre). 420 in. 

200 6'83 9 3  .645 1 3 9  1 ! 
400 1 5.58 1 '19 / '775 

Statioii 37. 
1902 V I  29 (2.45-3.55) 

sal 431 N, i. 2s) E. ca. 750 ,n. 

Statioii 40. 
1902 Vf 3 (23.50) - VI1 1 (1.0) 

62O 27' N, O0 55' E 

O 
25 
50 
75 

100 
130 
200 
300 
400 

O 
25 
50 
75 ,, 

150 
200 
300 
400 

25'00 
27.12 

.40 

::t5 
51 
,515 
,545 
.545 

O 11'5 1 32.83 

10 / 7.78 34.74 

Statioil 38 a .  
1902 T71 29 (16.0-17.10) 

62" 30' N, lo 56' E. 503 111. 

9'34 
8'83 
'48 
.l0 

7'75 
.29 

6.79 
5.29 

, 3.03 

9'4 1 3463 26'975 

9 7  
35.01 

'09 
'11 
. l5  
. l9  
'18 

25 . l9  
8'72 

'O8 
7 82 

.52 

.o6 
6.76 
5.89 
2.80 

.a(; 1 .63 

50 
75 

100 
150 
200 
300 
400 

3426 1 27'53 

Station 41. 
1902 VJI 1 (8.30-9.30) 

62O 33' N, lo 00' W 

35'29 27'43 
% l 5  
.545 

9 3  '63.5 
.gp '655 
.l6 / .71 

39.97 9 1 0  

'07 
. l5  
17 

.35 
3 8  
'35 
~ 2 2  
- - 

35'17 
' I j  

2 6  
'26 
'26 
.25 
'10 

34.95 
O 

25 
50 
75 

'32 
'44 

'"O .r- 
00 

'615 
.665 
,745 Station 33. 

1902 V I  26 (0.75-0.55) (52' 43' N, 
5" 25' E. 100 m. 

100 7.77 .27 1 555  
24 '61 5 

9.34 35'10 1 27.17 
0 

10 
25 
50 

.38 
8'37 

.O9 

.O9 / . l6 
2 7  / .465 
'29 / '53 

75 6 88 '97 

9.3 
8'66 

' l6  
7.82 

33'56 
'82 

34.01 
'44 

25.965 
26.27 

,495 
'685 



x11 H E L L A N D - H A N S E N  A N D  N A N S E N .  [REP. NORW. PISH. LI 

-- - 
M. 1 P C. S 1 M. ( to C. SolOii / .t iM. to C .  8i1/oo / y 1 

-p- l l L__ -- 

625 1 0.99 / 3496 1 28'04 

Statioii 67. 
1902 VI1 2 7  (21.30) 

62O 35' N ,  4O 04' W. 622 m. 
620 1-0.031 34'92 1 28'075 

Station 70. 
1902 VI1 29 (14.30) 

620 04' N ,  3O 38' W. 865 in. 

860 1-0'401 34.96 1 28'11 

Station 46. Statioii 51. 
1902 lUI 14 (2.3.5-3.55) 1902 VII 15 (19.10-20.65) 
600 54' N, 4" 2U' E. 425 m. 610 40' N, 3O 11' E. 405 m. 

24'54 33.04 25'29 
-17 / .375 

Stati011 47. 
1902 VI1  14 (10.15-11.20) 
600 57' N ,  3O 42' E. 355 m. 

Station 49. 
1902 VII  15 (3.50-4.20) 
610 03' N ,  2O 13' E. 130 m. 

-(j 650 1-0.24 l 34.93 1 28.08 

Statioii 55 a. 
1902 VI1  19 (4.10-6.15) 
62O 40' N, lo 56' E. 668 in. 

30.07 
'34 
'34 
'35 
,34 
2 9  
'26 
.24 
2 5  

0 
200 
300 
400 
600 
600 

27'26 
'46 
'51 
'53 
-55 
5 5  
.G25 

,705 

I Statioii 52. 
1902 VII 16 (2.30-3 20) 

62O 01' N ,  00' X. 203 m. 
24'40 

'4a 
27.00 

.45 
5 2 5  

.505 
Ti4 
-58 

O 
10 
25 
50 
75 

100 
150 
200 

O 
10 
2.5 
50 
75 

100 

Statiork 56 a. 
1902 VI1 19 (16.0-17.30) 

62" 23' N ,  2" 03' E. 460 in. 

34'05 
.O6 
.53 

36'15 
.30 
2 8  
'26 

10.47 
5 8  
2 8  

8'26 
7'86 

'O6 

6 0  - 2 91 1 965  
P 

Station 55 b. 1 1902 VI1 19 (9.55) S a m e  
positioii as S ta t .  55 a. 

18'78 
'81 
'865 

19.16 
-26 
.385 

O 
10 
25 
50 
75 

100 

300 6.57 
350 1 1 6  

12.02 3920 
11.741 2 2  

26'155 
'14 
5 7  

27'385 
'07 
.66 
.O9 125 1 6.78 -- 

27.185 

T65 

28.08 
.O7 

10 0 1 35'28 

27.125 
'12 
'10 
-47 
.485 
.O9 
.67 

O 10.15 
10 1 -14 1 35.22 

.l9 .65 
-15 1 ,675 

7.19 
'16 

8'00 
7'98 
. i3  
'48 
2 8  

6.61 
4'97 
3.01 
0.53 

150 
B00 
p 

10'0 
9.89 

'66 
7'15 
6.73 
7.01 

3449 
35'04 

'27 

2 0  
?O 
.23 

.O8 

34.97 

33 93 
.g8 

34'08 
'61 
'79 

35'02 

.21 
2 8  
.30 
2 8  
20 
17 

25 . l0  

50 1 8.71 
76 .35 

Statioii 48. 
1902 VII  14 (17.50-18.40) 
610 00' N, z0 53' E. 275 m. 

- 0'14 .93 

. l5  

.O9 

3499 '88 
9 2  1 '94 

100 
150 
200 
300 
400 
460 

* l 8  '475 
-19 1 -48 

Statioil 56 b. 
1902 VIT 19 (20.15-20.25) 
Same position as Stat .  56a. 

300 5.83 35.14 27'715 
450 1 1.92 l 9 4  I 955  
p 

Statioii 59. 
1902 V I I  22 (morning) 

62O 38' N, 40' W. 650 m. 
650 1-0'45 1 34'97 1 28'135 
p 

Statioii 66. 
1902 T i i l  27 (18.35) 
620 29' N. 4" 12' W. 

7.81 
6 98 
.53 

5.27 
3.23 
1.90 Station 53. 

1902 VII is (12.20-10.30) 
620 36' N, 3O 21' E. 362 m. 

25.87 
.94 

27.25 
'095 
.415 
.455 
.48 
.50 
.j45 

O 10'81 33'77 
10 1 .O5 l .81 

26.435 
27'22 

2 1  
.365 
.45 
5 0 5  

'6 1 

O 
10 
25 
50 
75 

100 
100 
P00 
300 

35.30 
'31 
*30 
.31 
'30 
*28 
2 9  

25 9.88 

50 / 0 2  
75 8.83 

360 ( 6-54 1 '19 1 '66 

Statioii 54. 

100 
150 
200 
275 

10'60 

9'88 
'9.5 
9 5  

8'94 
'32 
'12 

7'05 .66 
'40 
.l6 

7.94 

34.34 
35.26 

%O 
.3 1 
.3H 
3 1  

21 


