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o in c e  August 1902, a rich material has been collected during several seasonal cruises 
in the Færoe-Shetland Channel which forms part o f the Scottish region in the inter­
national investigations o f  the sea. This material has been worked up and has now been 
published in two larger papers: “Hydrographical Investigations o f the Færoe-Shetland 
Channel and the N orthern  Part o f the N orth  Sea during 1902” by the present author, 
and “Scottish Hydrographic Research during 1903” by A .J. R o b e r t s o n .  As the results 
o f  these investigations are also of im portance for the other N orth  European seas, a 
short summary of the contents of the papers mentioned will be given in the follow­
ing pages.

T he  observations in the Channel have been made along two almost parallel lines : 
a northern from a point N. W. o f Shetland to the Færoes, and a southern, which runs 
from a point S. o f the Færoes to Fair Island between the O rkneys and Shetlands. 
Schematic sections, along the m ore southerly o f these two lines are shown in the Figures 
i —4 (p. 15) for four different periods. O nly  o n e  complete series o f observations in the
Channel is available for the w inter half-year, viz. for December 1902, as heavy storms
have rendered w ork impossible in the other m onths of the seasonal cruises.

T h e  peculiarities o f the hydrographical conditions in the Channel, which have 
appeared each time during the investigations of these two years, are as follows: the 
Atlantic Stream (“G ulf Stream ”) has ahvays been passing through the Channel as a surface- 
current on its way towards the Norwegian Sea; water from the western part of the
Norwegian Sea has been streaming on the surface round the north o f the Færoes into
the western part o f the Channel; and lastly the heavy cold bottom-water, which fills 
the depths of the entire, large basin of the Norwegian Sea, was pressing along the 
bottom of the Channel. T h e  dimensions of these different water-masses and their mutual 
relations, change greatly w ithin a tolerably brief space o f time, as the figures clearly 
show. T he  regional variations have also been found to be very great, so that it is 
necessary to have stations quite close to one another in order to be able to follow the 
variations. As the network o f  Scottish observation-stations has been fairly complete, 
however, it has been possible to study these variations in a much better wray than 
hitherto.

If we investigate the Atlantic Stream, first o f all, we find that it changes very greatly 
in extent, in rapidity of flow and partly also in direction. Its main portion is represented
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in  th e  f igu res  by  t r e b ly  c ro ssed  lines, in d ic a t in g  w a te r  o f  h ig h e r  sa l in i ty  th a n  35 25 °/00. 

T h e  S t r e a m  e n te rs  t h e  C h a n n e l  f r o m  th e  A tla n t ic  in  a d i re c t io n  v a ry in g  b e tw e e n  n o r t h ­

east a n d  s o u th -e a s t ,  a n d  w h e n  in  th e  C h a n n e l ,  fo l low s  a m o r e  n o r th e r ly  co u rs e  

a lo n g  th e  S h e t l a n d  b ank .  I n  A u g u s t  1 9 0 3 ,  th e  S tre a m  c am e  a lo n g  th e  s o u th e rn  

sec t ion ,  so  th a t  F ig .  4  g iv e s  p a r t ly  a lo n g i tu d in a l  sec t io n  t h r o u g h  th e  S tr e a m  w h i ls t  th e  

o th e r  f igu res  a re  c ro ss-sec t ions .  I n  1902 a n d  1903, th e  S tr e a m  w as  l im i ted  as a ru le  to  

th e  ea s te rn  h a l f  o f  th e  C h a n n e l  in  th e  n e i g b o u r h o o d  o f  th e  S h e t la n d  Isles, w h ic h  m a y  

h a v e  b e e n  q u i te  s u r r o u n d e d  b y  th e  s t ro n g ly  sa l in e  A tla n t ic  w a te r .  F r o m  t im e  to  t im e , 

in d e ed ,  th e  S t r e a m  fills a lm o s t  th e  w h o le  su r face  o f  th e  C h a n n e l  b e tw e e n  th e  F æ ro e s  

a n d  th e  S h e t l a n d s ;  b u t  th e se  a re  o b v io u s ly  o n ly  e x cep t io n a l  cases. T h e  d e p th  o f  th e  

w a te r  w h ic h  s t re a m s  t h r o u g h  th e  C h a n n e l  in to  th e  N o r w e g ia n  Sea, can  in  g e n e ra l  be 

p laced  at 5— 600 m . ;  th e  re la tive ly  u n m ix e d  A tla n t ic  w a te r ,  w i th  a sa l in i ty  o f  o v e r  35'25°/oo, 

has a  d e p th  v a ry in g  b e tw e e n  20 0  an d  5 0 0 m .  W i t h  th e  he lp  o f  V . B j e r k n e s ’ d y n a m ic  

th e o ry ,  n u m e r o u s  a p p ro x im a t io n s  h a v e  b e e n  ca lcu la ted  fo r  th e  ra p id i ty  o f  th e  S t r e a m ’s 

f l o w 1. T h e s e  ca lcu la t io n s  h av e  g iv e n  th e  fo l lo w in g  re su l ts  a m o n g s t  o th e r s :  in  A u g u s t  

1902, th e  av e rag e  ra p id i ty  o n  th e  su r face  w a s  a b o u t  10 sea-m iles p e r  24  h o u r s  (0-2 m . p e r  

sec o n d ) ;  in  D e c e m b e r  o f  th e  sa m e  y ea r ,  i t  w as  p ro b a b ly  a li tt le  le ss ;  in  M ay  1903, it  

w as  a b o u t  15 sea-m iles (o ’3 m . p e r  seco n d )  a n d  ag a in  a b o u t  xo s. m . in  t h e  fo l lo w in g  

A u g u s t .  T h e  ra p id i ty  o f  f lo w  va rie s  b u t  li t t le  in  th e  u p p e r  few  h u n d r e d  m e te r s ;  s o m e ­

t im es  th e  g re a te s t  ra p id i ty  o f  f lo w  is a t  a d e p th  o f  a b o u t  100 m. G re a t  m asses  o f  w a te r  

a re  th e re fo re  c a rr ied  by  th e  S t r e a m  in to  th e  N o r w e g ia n  Sea. A n  a t te m p t  to  ca lcu la te  

th is  q u a n t i ty  fo r  A u g u s t  1902 g a v e  4 ,0 0 0 ,0 0 0  m 3 p e r  seco n d .

T h e  A tla n t ic  S t r e a m  sen d  o ffsh o o ts  in to  th e  N o r t h  Sea, p a r t ly  t h r o u g h  th e  o p e n in g  

b e tw e e n  S c o t l a n d  a n d  S h e tlan d ,  p a r t ly  r o u n d  th e  n o r th  o f  S h e t lan d .  A  d is t in c t  p e r io d ic i ty  

o c c u rs  in  th is  in f lo w  o f  A tla n t ic  o c e a n -w a te r  in to  th e  N o r t h  Sea. I t  h as  lo n g  been  

k n o w n ,  th a t  th e  n o r t h e r n  N o r t h  S ea  p la teau  (n o r th  o f  th e  D o g g e r  B ank) w as  co v ered  

by  w a te r  o f  v e ry  h ig h  sa l in i ty ,  w h ic h  in  s u m m e r  h a d  a  te m p e ra tu re  as lo w  as ca. 7 0 C. ; 

th e  t r u e  N o r t h  S ea  w a te r  o f  lo w e r  sa l in i ty  lies a b o v e  th is  b o t to m -w a te r  as a  laye r  

4 0 — 60111. th ick .  T h e  te m p e ra tu r e  r e m a in s  a lm o s t  th e  sam e  th r o u g h o u t  th e  w h o le  year,  

b u t  w as  a li t t le  h ig h e r  in  D e c e m b e r  1902 th a n ,  fo r  ex am p le ,  in  A u g u s t .  R e g u la r  o b se r ­

v a t io n s  h a v e  n o w  s h o w n ,  th a t  th is  N o r t h  S ea  b o t to m -w a te r  is o f  A tla n t ic  o r ig in  and  

th a t  it  c o m e s  in to  th e  N o r t h  S ea  a lm o s t  ex c lu s ive ly  in  th e  w in te r  half-year. In  D e c e m b e r  

1902, i t  b eg an ,  as a b r a n c h  o f  th e  A tla n t ic  S tream , to  p o u r  in to  th e  N o r th  Sea  r o u n d

th e  n o r t h  o f  S h e t l a n d ;  la te r ,  in  th e  f irst m o n t h s  o f  1903, i t  poss ib ly  c am e  m a in ly  to  th e

s o u th  o f  S h e t la n d .  T h e  A t la n t ic  w a te r  w as  th e n  co o led  d o w n  in  th e  N o r th  Sea  d u r in g  

th e  co ld  p e r io d  o f  th e  y e a r ;  in  w in te r ,  th e  te m p e ra tu re  a t th e  o o t to m  is a li tt le  h ig h e r  

th a n  in  s u m m e r ,  as th e  m i n i m u m  sp read s  b u t  s lo w ly  d o w n  in to  th e  dep ths. T h i s  w a te r  

re m a in s  fo r  th e  m o s t  p a r t  in  th e  N o r t h  Sea  th r o u g h o u t  th e  w h o le  s u m m e r  u n t i l  th e

n e x t  w i n t e r ;  its m o v e m e n t s  in  all p ro b ab i l i ty  a re  b u t  s low . T h e  sam e  c o n d i t io n s  a re

p robab ly  rep ea ted  re g u la r ly  a n d  n o t  re s tr ic ted  to  th e  tw o  yea rs  sp o k en  o f  here .  T h e  lo w  

b o t to m - te m p e ra tu re  o c c a s io n a l ly  f o u n d  in  s u m m e r  b y  earl ie r  in v e s t ig a t io n s  speak  in  

fav o u r  o f  th is . T h e  re a s o n  w h y  th e  in f lo w  o f  th e  A tla n t ic  ocean -w a te r  t h r o u g h  th e

*) According to the  m ethod, described in S a n d s t r ö m  and H e l l a n d - H a n s e n ’s paper: Ueber 
die Berechnung von Meeresströmungen (Report on Norwegian Fishery and Marine Investigations. II. 
4 . 1 9 0 3 .)
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Færoe-Shetland Channel into the North Sea, is at its maximum in winter (in March in 
1903, according to R o b e r t s o n )  and minimum in summer, must be sought for in 
several different circumstances. Thus, the magnitude and the direction of the Atlantic 
Stream play some part; secondly, the force with which the East Icelandic Polar Stream 
opposes the Atlantic Stream; also, the amount of inflow of freshwater from the Baltic

Shetland Shetland

/ooo

Fig. 2. D ecem b er’1902.Fig. i. August 19021).

Shetland.
S h e t la n d

/ooo

Fig 3. May 1903. Fig. 4. August 1903.

N.B. T h e  single broken lines represent w ater of 34—35 % o salinity.
T h e  doubly crossed lines, w ater o f  35— 35'25% o salinity.
T he  trebly crossed lines, w ater of h igher salinity than 35-250/00.

Stream and so on. The explanation may also lie partly in the general circumstance, 
that the coastal water, when cooled in winter, presses backward towards the land, and 
again in summer, when warmed and thus of less density, spreads out from the land 
over the surface, just as observers have found it in the North Sea.

W here o °  stands in Figure 1, there should be 10 °.
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It is well-known, that a portion of the Atlantic ocean-water always streams between 
the Færoes and Iceland into the south-western part of the Norwegian Sea and there 
mixes with other water of less salinity, mostly from the East Icelandic Polar Stream. 
This mixed water runs mainly in an easterly direction ; from it, a larger or smaller 
portion bends southwards into the Færoe-Shetland Channel after passing round the north 
of the Færoes. T h e  impression was gained, that the masses of water were always tending 
from the north-east o f the Færoes towards the south or south-east, in the months of 1902 
and 1903 investigated. In August 1902, the salinity of this water was relatively high, as 
a strong inflow of Atlantic ocean-water had taken place to the west side of the Færoes ; the 
southerly m ovement then extended past the Færoes into the western half o f the Channel. 
In May 1903, this layer came no further than into the most northerly part of the Channel 
on the surface; in August 1903, it penetrated some distance in a southerly direction, first 
as a surface current and then probably as a deeper current under the Atlantic Stream in 
the more southern part of the Channel. W hen  the mixed water has penetrated to the 
south and meets the Atlantic Stream, it is bent from its course and follows the latter 
in a north-easterly or northerly direction; thus, in August 1902, the surface layer had a 
cyclonic movement about the centre o f the Channel, where the forward movement at 
that time was very slight. A thin layer o f  lower temperature and relatively lower 
salinity was found on the surface o f  this central portion o f the Channel; this was a 
prolongation of the East Icelandic Polar Stream, which had pushed its way through a 
narrow opening to the north-east o f the Færoes; probably it has remained at the same 
spot for a long time w ithout being carried away. T he  water-masses moving in a south­
erly direction on the east side o f the Færoes, have a much smaller rapidity of flow than 
the Atlantic Stream; according to calculations, it amounts to but a few centimeters 
per second.

W ith  a single exceptional case, it has been found that the deepest parts of the Channel 
are always covered by ice-cold water (with temperature below o° C.) of constant salinity 
(34'92°/oo). This is exactly the same water which is found everywhere in the deepest 
layers of the Norwegian Sea; it is thus an offshoot o f  the bottom-water of the Norwegian 
Sea towards the south. In  a section o f  the Channel, this water-layer is found to have 
the form of a wedge-shaped mass as a rule, with its apex sometimes at the side, some­
times in the centre o f the Channel. It has been considered hitherto, that this bottom- 
water had been drawn into the Channel as a “reaction-stream” due to the Atlantic Stream 
on the surface. In agreement with F. L. E k m a n ’s investigations on such reaction- 
streams in the mouths o f rivers, it has been found that the bottom-water of the Færoe- 
Shetland Channel rose higher towards the surface in the southern than in the northern 
part. This  appears to have been the case also in December 1902, though to a small 
extent, and again in May 1903, but not in the two August months. It is probable that 
the bottom-water often moves like an “active" stream; calculations with regard to the 
deepest layers, have given a rapidity o f flow of several centimeters in the second. It 
has also appeared, that temperature variations may be relatively large (several tenths of 
a degree) within a short time, in depths as great as 1000 m. Thus in August 1903, the 
bottom-water generally present had quite disappeared from the southern part of the 
Channel (see Fig. 4); at 1000 m., the salinity was then 3 5-03 %o and the teipperature
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17° C. As R o b e r t s o n  believes, the unusual bottom-water was a continuation of the 
mixed water from the northern part of the Channel.

It will be clearly seen from the figures, that very important variations occur in the 
hydrographical position, not only during the year but even in the same month, when 
one year is compared with another. (See Figs 1 and 4, for example, both sections 
being for August). It is only when the investigations will have extended over a larger 
number of years, that clearness will be gained regarding which variations are perhaps 
periodic and occur so that their regularity may be ascertained, what their cause is, and 
which variations on the other hand are of a more chance character.
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