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1. IN TR O D U C TIO N

This rep o rt describes th e  p re sen t (2006) 
s ta tu s  o f sea  te m p e ra tu re  a n d  sa lin ity  in 
th e  ICES reg ion  o f th e  N orth  A tlan tic  an d  
N ordic Seas, as w ell as tre n d s  observed . Som e 
a d d itio n a l d a ta se ts  are  provided, in c lud ing  
th o se  on  sea  level p ressu re , a ir  te m p e ra tu re , 
a n d  ice cover. A lth o u g h  th e  focus is on  th e  
varia tions in  th e  u p p er ocean  (the to p  1000 m), 
in fo rm a tio n  a b o u t ch an g es  in  th e  d eep e r 
layers o f th e  ocean  is also inc luded  in  specific 
reg ions o f in te res t.

A n e w  ed itio n  of th e  rep o rt is p u b lish ed  
a n n u a lly  in  th e  ICES C ooperative R esearch 
R eport series.

The N orth  A tlan tic  reg io n  is u n u su a l in 
h a v in g  a re la tive ly  la rg e  n u m b e r of locations 
a t w h ich  o ceanog raph ic  d a ta  have  b een  
co llected  fo r several y ea rs  o r even  decades. 
The lo n g es t records go back  m ore  th a n  a 
cen tu ry . In  th is  report, w e  p rov ide th e  v ery  
la te s t in fo rm a tio n  from  places w h e re  th e  
ocean  is cu rren tly  b e in g  m e a su re d  regularly . 
A lth o u g h  th e  N o rth  A tlan tic  is rich in  
m e a s u re m e n ts  co m p ared  w ith  o th e r  p a rts  
o f th e  g lobal ocean, th e re  is still on ly  a th in  
sc a tte r in g  o f long  records of deep  ocean  
m e a su re m e n ts . In th e  first p a r t o f th e  report, 
w e  d raw  to g e th e r  th e  sp a rse  in fo rm a tio n  
a n d  give th e  b e s t possib le  overv iew  of th e  
region. N um erica l m odels u s in g  real ocean  
m e a s u re m e n ts  to  s im u la te  v a ria tio n s  over 
tim e  a re  co n tin u a lly  b e in g  im proved . In 
fu tu re  ed itions, w e  h o p e  to  develop  th is  p a rt 
o f th e  rep o rt to  p re se n t th e  n e w  in fo rm a tio n  
p rov ided  b y  th e  co m b in a tio n  o f m odels a n d  
data .

The d a ta  p re se n te d  h e re  re p re se n t an  
accu m u la tio n  of kn o w led g e  co llected  by  
n u m ero u s  ind iv iduals an d  in s ti tu tio n s  
th ro u g h  decades o f observa tions . It w o u ld  
be im possib le  to  list th e m  all, b u t a t th e  end  
of th e  rep o rt w e  p rovide a lis t o f con tac ts  
fo r each  d a ta se t, in c lu d in g  e-m ail add resses 
fo r th e  ind iv iduals w h o  p rov ided  th e  
in fo rm atio n , a n d  th e  d a ta  cen tres  a t w h ich  
th e  fu ll arch ives o f d a ta  a re  held.

1.1 ICES Report on Ocean 
Climate 2006 highlights

The N orth  A tlan tic  O cean in  2006

The u p p e r  layers o f th e  N o rth  A tlan tic  an d  
N ordic Seas w e re  w a rm e r  an d  m ore  sa lin e  in  
2006  th a n  th e  lo n g -te rm  average. The la rg es t 
an o m a lie s  w e re  observed  a t h ig h  la titu d es ; 
th e  h ig h e s t te m p e ra tu re  in  100 y ea rs  w as  
reco rded  a t th e  Kola Section  in  th e  B aren ts 
Sea.

The w a rm  su rface  a n o m a ly  lo ca ted  in  th e  
N o rw eg ian  Sea a n d  B aren ts Sea in  2005 
m oved  in to  th e  W est S p itsb e rg en  C urren t 
a n d  Fram  Strait.

The N orth  Sea, Baltic Sea, an d  Bay of 
Biscay h a d  a cold w in te r  a n d  low  sea  
su rface  te m p e ra tu re s , fo llow ed b y  an  
u n u su a lly  w a rm  su m m e r a n d  a u tu m n , 
a n d  co rresp o n d in g ly  h ig h  sea  surface  
te m p e ra tu re s .

The tr e n d  in  th e  p a s t decade  (1996-2006) 
h a s  b een  of w a rm in g  a n d  in c reas in g  sa lin ity  
in  th e  u p p e r  ocean.

The N orth  A tlan tic  a tm osp h ere  in  
w in ter  2 0 0 5 /2 0 0 6

The Ice land  Low a n d  th e  A zores H igh w ere  
b o th  w e a k e r  th a n  no rm al, a n d  th e  cen tre  of 
th e  Iceland  Low w as  d isp laced  to w ard s  th e  
so u th w est to  th e  en trance  to  th e  Labrador Sea.

The m e a n  m id -la titu d e  w in d s  w e re  w eak e r 
th a n  norm al, a n d  th e  s to rm  track  w as 
d isp laced .

The e a s te rn  N orth  A tlan tic  an d  Nordic 
Seas w in te r  su rface  a ir  te m p e ra tu re s  w e re  
n e a r  no rm al, b u t over m u ch  of th e  cen tra l 
a n d  w e s te rn  N orth  A tlan tic  su rface  air 
te m p e ra tu re s  w e re  m ore  th a n  i°C w a rm e r  
th a n  norm al.
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2 . N O R T H  ATLANTIC U PPER  OCEAN TEM PERATURE OVERVIEW
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Figure 1. Overview o f  upper ocean temperature anomalies from  the long-term mean across the North Atlantic. The anomalies 
are normalized with respect to the standard deviation (e.g. a value o f+2 indicates 2 standard deviations above normal). The maps 
show conditions in 2006 (colour intervals 0.5, reds are positive/warm and blues are negative/cool). See Figure s fo r  a larger version 
o f the top map.
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3 . N O RTH  ATLANTIC U PPER OCEAN SALINITY  OVERVIEW
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Figure 2. Overview o f upper ocean salinity anomalies from  the long-term mean across the North Atlantic. The anomalies are normalized with respect to the 
standard deviation (e.g. a value o f+2 indicates 2 standard deviations above normal). The maps show conditions in 2006 (colour intervals o f o.g. oranges are 
positive/saline, green are negative/fresh); the curves show selected time-series. See Figure 3fo ra  larger version o f the top map. Note that the colour scale is 
opposite to that shown in the previous edition o f this report (ICES Cooperative Research Report No. 280).
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. SU M M A R Y  OF SU ST A IN E D  OBSERVATIONS

This p a rt o f th e  rep o rt su m m arize s  th e  
su s ta in e d  o b serv a tio n s co llected  o n  o c e a n o ­
graph ic  sec tions a n d  sta tio n s, rep ea ted  
an n u a lly  o r m ore  frequen tly . The tim e-se rie s  
have  b e e n  e x trac ted  from  la rg e r d a ta se ts  as 
in d ica to rs  o f th e  co nd itions in  a p a rticu la r 
area. F u rth e r de ta ils  o f each  reg ion  are  g iven 
in  Section 6 o f th is  report. W here  app rop ria te , 
d a ta  a re  p re se n te d  as an o m alie s  to  
d e m o n s tra te  h o w  th e  v a lu es com pare  w ith  
th e  average  or “n o rm a l” co nd itions (usually  
th e  lo n g -te rm  m e a n  o f each  p a ra m e te r  
d u rin g  th e  period  1971-2000). For d a ta se ts  
th a t  do n o t ex te n d  as fa r  back  as 1971, th e  
average  co n d itio n s have  b e e n  ca lcu la ted  
from  th e  s ta r t o f th e  d a ta s e t u p  to  2000.

In places, th e  seasonal cycle h as b een  rem oved 
from  a d a ta se t, e ith e r  by  ca lcu la tin g  th e  
average  sea so n a l cycle d u rin g  th e  period  
1971-2000 o r b y  d raw in g  on  o th e r  sources 
such  as reg ional c lim ato log ica l d a ta se ts . 
S m oo thed  vers ions o f m o s t tim e -se rie s  are 
included, u s in g  a  Loess sm oo ther, a  locally 
w e ig h te d  reg ressio n  w ith  a  tw o - or five-year 
w indow .

In th e  su m m a ry  tab le s  a n d  figures, 
n o rm alized  an o m a lie s  have  b e e n  p re se n te d  
to  a llow  co m p ariso n  of tre n d s  in  th e  d a ta  
from  d iffe ren t reg ions (Figures 1-3 an d  Table 
1). The an o m a lie s  have  b e e n  no rm alized  
b y  d iv id ing  th e  v a lu es b y  th e  s ta n d a rd  
d ev ia tio n  o f th e  d a ta  d u rin g  th e  period  
1971-2000. A v a lu e  o f +2 th u s  rep re sen ts  
d a ta  ( te m p e ra tu re  or sa lin ity ) a t 2 s ta n d a rd  
dev ia tio n s h ig h e r  th a n  norm al.

The a n n u a l p a tte rn  o f sea  surface  
te m p e ra tu re  an o m a lie s  for 2006  m a tch es  
v e ry  closely th a t  from  th e  in  s itu  da ta . 
There is a la rge  b a n d  of positive an o m alie s  
s tre tc h in g  across b o th  sides o f th e  N orth  
A tlan tic  O cean.

“ s u s t a i n e d  o b s e r v a t i o n s ” o r  “ t i m e - s e r i e s ”

ARE RE GU LA R M E A S U R E M E N T S  O F  O C E A N  

T E M P E R A T U R E  A N D  S A LI NI TY M A D E  OV E R  A L O N G  

P E R I O D  ( l O - l O O  YE AR S ) .  M O S T  M E A S U R E M E N T S  

ARE M A D E  B E TWEE N O N E  A N D  F O U R  T I ME S  A 

YEAR,  BUT S O M E  ARE TA KE N M O R E  F R E Q U E N T L Y

“ A N O M A L I E S ” ARE T H E  M A T H E MA T I C A L  

DI F F E R E N C E  BE T WE E N EACH I N D I V I D U A L  

M E A S U R E M E N T  A N D  T H E  AVERAGE VA L U E S  O F  

T E M P E R A T U R E ,  S ALI NI TY,  O R  O T H E R  VARI ABLES  

AT T H A T  L O C A T I O N .  P OS I TI VE A N O M A L I E S  M E A N  

W A R M  O R  S A L I N E  C O N D I T I O N S ;  NEGATI VE  

A N O M A L I E S  M E A N  C O O L  O R  F R ES H C O N D I T I O N S .

TH E  “ S E A S O N A L  CYCLE” D E S C R I B E S  T H E  S H O R T ­

TERM C H A N G E S  AT T H E  S U R F A C E  O F  T H E  O C E A N  

B R O U G H T  A B O U T  BY T H E  P A S S I N G  O F  T HE  

S E A S O N S ;  T H E  O C E A N  S U R F A C E  IS C O L D  IN 

W I N T E R  A N D  W A R M S  T H R O U G H  S P R I N G  A N D  

S U M M E R .  T H E  T E M P E R A T U R E  A N D  S A LI NI TY  

C H A N G E S  C A U S E D  BY T H E  S E A S O N A L  CYCLE ARE 

US U A L L Y  M U C H  LARGER T H A N  T H E  P R O L O N G E D  

YEAR- TO- YEAR C H A N G E S  WE DES CRI BE HERE.

THE UPPER LAYERS OF THE NORTH ATLANTIC A N D  NORDI C

Sea su rface  te m p e ra tu re s  across th e  w h o le  
N orth  A tlan tic  can  also be o b ta in e d  from  
a  co m b in ed  sa te llite  an d  in situ  g ridded  
d a ta se t. Figure 4 show s th e  a n n u a l an d  
seaso n a l sea  su rface  te m p e ra tu re  an o m a ly  
for 2005 ex trac ted  from  th e  O p tim u m  SEAS WERE WARMER A N D  MORE SALINE THAN THE LONG-
In te rp o la tio n  SSÏV2 d a ta se t, p rov ided  b y  th e  TERM AVERAGE
NOAA-CIRES C lim ate D iagnostics C en te r in  
th e  USA. In h ig h  la titu d es , w h e re  in situ  d a ta  
are  sp a rse  an d  sa te llite  d a ta  are  h in d e red  
b y  cloud cover, th e  d a ta  m a y  be  less reliable.
Regions w ith  ice cover for >50% o f th e  
av erag ing  period  a re  left b lank .
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Figure 3. Annual anomalies 
in 2006 o f  temperature 
(upperpanel) and salinity 
(lowerpanel) over the North 
Atlantic region. The index 
numbers can be used to 
cross-reference each point 
with data in Tables 1 and 
2. Unless specified (in Table 
2), these are upper layer 
anomalies. The anomalies 
are normalized with respect 
to the standard deviation 
(e.g. a value o f+2 indicates 
that the data (temperature 
or salinity) fo r  that year 
was 2 standard deviations 
above normal). Open circles 
indicate that no data were 
available fo r  200 6 a t the 
time o f  publication.
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Table 1. Changes in 
temperature (upperpanel) 
and salinity (lowerpanel) 
a t selected stations in 
the North Atlantic region 
during the past decade.
The index numbers on the 
left can be used to cross- 
reference each point with 
information in Figures 1-3 
and Table 2. The numbers 
in brackets refer to detailed 
area descriptions later in 
the report. Unless speci­
fied, these are upper layer 
anomalies. The anomalies 
are normalized with respect 
to the standard deviation 
(e.g. a value o f+2 indicates 
tha t the data (temperature 
or salinity) fo r  th a t year 
was 2 standard deviations 
above normal). Blank boxes 
indicate tha t no data were 
available fo r  tha t particular 
year a t the tim e o f  publica­
tion. Note tha t no salinity 
data a t all are available fo r  
regions 5 ,12, and 2g.
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Table 2. Details o f  the datasets included in Figures 1-3 and Table 1. Blank boxes indicate areas fo r  which information was unavailable a t the tim e o f  publication.

Index Description Area M easurem ent depth Long-term average Lat Lon Mean T M ean S Stdev T Stdev S

1 Fram Strait -  East Greenland Current 
Section Average 3°W to  Shelf edge

12 50-500 m 1980-2000 78.83 -8.00 0.58 0-39 34.67 0.11

2 Station 4 -  Fylla Section -  
Greenland Shelf

1 0 -200  m 1971-2000 63.88 -53-37 2.86 0.91 33.56 0.29

3 Section AR7W -  Central Labrador Sea 2b 0-150 m 1990-2000 57-73 -51.07 3 57 0-43 34.67 0.08

4 Station 27 -  Newfoundland 
Shelf Temperature -  Canada

2 0-175 m 1971-2000 47-55 -52-59 0.28 0.24

5 Oleander Section (120-400 km) -  
Mid Atlantic Bight USA

2C Surface 1978-2000 39.00 -71.50 0.91

6 Georges Bank -  Mid Atlantic Bight USA 2C 0-30 m 1977-2000 42.00 -70.00 0-54 0.27

7 Emerald Bank -
Central Scotian Shelf -  Canada

2 Near Bottom 1971-2000 44.00 -63.00 0.81 0.14

8 Misaine Bank -
Northeast Scotian Shelf- Canada

2 Near Bottom 1971-2000 45.00 -59.00 0.60 0.14

9 Siglunes Station 2 -4  -  North Iceland -  
Irminger Current

3 50-150 m 1971-2000 67.00 -18.00 3-34 1.01 34.82 0.12

10 Longanes Station 2-6  -  Northeast 
Iceland -  East Icelandic Current

3 0-50 m 1971-2000 67.00 -13.00 1.24 0.69 34.70 0.08

11 Selvogsbanki Station 5 -  
Southwest Iceland -  Irminger Current

3 0 -200  m 1971-2000 63.00 -22.00 7.58 0-39 35-15 0.04

12 Malin Head W eather Station 4b Surface 1971-2000 55-37 -7-34 10.57 0.46

13 Ellett Line -  Rockall Trough -  UK 
(section average)

5 0 -8 0 0  m 1975-2000 56-75 -11.00 9.21 0.22 35-33 0.03

14 Central Irminger Sea -  
Subpolar Mode Water

5b 200-400 m 1991-2005 59.40 -36.80 3-99 0.38 34.88 0.02

15 Faroe Bank Channel -  
South Faroe Islands

6 Upper layer high 
salinity core

1988-2000 61.00 -8.00 8.23 0.18 35.24 0.03

16 Faroe Current -  North Faroe Islands 
(Modified North Atlantic Water)

6 Upper layer high 
salinity core

1988-2000 63.00 -6.00 7.92 0.29 35.22 0.03

17 Faroe Shetland Channel -  
Shetland Shelf (North Atlantic Water

7 Upper layer high 
salinity core

1971-2000 61.00 -3.00 9.61 0.17 35.36 0.03

18 Faroe Shetland Channel -  Faroe Shelf 
(Modified North Atlantic Water)

7 Upper layer high 
salinity core

1971-2000 61.50 -6.00 7.85 0.25 35.21 0.04

19 Ocean W eather Station Mike -  50 m 10 50 m 1971-2000 66.00 -2.00 7-49 0-34 35-15 0.04

20 Southern Norwegian S ea- 
Svinoy Section -  Atlantic Water

10 50-200 m 1977-2000 63.00 3.00 8.06 0-39 35.23 0.05

21 Central Norwegian Sea -  
Gimsoy Section -  Atlantic Water

10 50-200 m 1978-2000 69.00 12.00 6.66 0.37 35-15 0.03

22 Fugloya-Bear Island Section -  
W estern Barents Sea -  Atlantic Inflow

11 50-200 m 1977-2006 73.00 20.00 5-35 0-55 35.06 0.04

23 Kola Section -  Eastern Barents Sea u 0 -200  m 1971-2000 71.50 33.30 3.92 0.48 34.76 0.06

24 Greenland Sea Section-  
West of Spitsbergen 76.5°N

12 200 m 1996-2006 76.50 10.50 3.08 0.66 35-05 0.04

25 Northern Norwegian Sea -  
S or kapp Section -  Atlantic Water

10 50-200 m 1977-2000 76.33 10.00 3.80 0.70 35-05 0.04

26 Fram Strait -  West Spitsbergen Current -  
Section average 5°E to  shelf edge

12 50-500 m 1980-2000 78.83 8.00 2.60 0.58 34-99 0.03

27 Santander Station 6 (shelf break) -  
Bay of Biscay -  Spain

4 5-300 m 1993-2000 43.70 -3.78 12.72 0.18 35.61 0.05

28 Fair Isle Current Water (waters 
entering North Sea from  Atlantic)

8 & 9 0-100 m 1971-2000 59.00 -2.00 9.84 0.38 34.90 0.11

29 UK Coastal Waters -  
Southern Bight -  North Sea

8 & 9 Surface 1971-2000 54.00 0.00

30 Section average -  Felixstowe -  
Rotterdam -  52°N

8 & 9 Surface 1971-2000 52.00 3.00 12.14 1.12 34.64 0.21

31 Helogoland Roads -  Coastal Waters -  
German Bight North Sea

8 & 9 Surface 1971-2000 54-19 7.90 10.10 0.68 32.11 0-54

32 Baltic Proper -  East of Gotland -  
Baltic Sea

9b Surface 1971-2000 57-50 19.50 8.57 0.86 7-35 0.24
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*  Figure 4. Map o f  annual
(upperpanel) and seasonal 
(lowerpanels) sea surface 
temperature anomalies (°C) 
over the North Atlantic 
fo r  2006fro m  the NOAA 
Optimum Interpolation 
SSTV2 dataset, provided by 
the NOAA-CIRES Climate 

! Diagnostics Center; USA. 
The colour-coded 
temperature scale is the 
same in all panels. The 
anomaly is calculated 

d  with respect to normal 
conditions fo r  the period 
1971-2000. The data are 
produced on a one-degree 
grid fro m  a combination 

-1  o f satellite and  in  s itu  
temperature data.
Regions with ice cover 
fo r  >50% o f  the averaging 
period are left blank.
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Figures. Maps o f  North Atlantic salinity a t io  m  (left column) and. 300  m  (right column), showing climatology (top), 2006 annual mean (middle), and 2006 
anomaly fro m  the climatology (bottom). These products are generated by the Coriolis operational oceanography centre, which compiles in situ data (including 
Argo flo a t salinity profiles) and satellite data into an ocean circulation model. Maps provided by Fabienne Gaillard, www.coriolis.eu.org/default.htm.
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5 . THE N O R T H  ATLANTIC ATM OSPHERE

5.1 North Atlantic Oscillation 
index

The N orth  A tlan tic  O scilla tion  (NAO) is a 
p a tte rn  o f a tm o sp h e ric  v a riab ility  th a t  has 
a sig n ifican t im p ac t on  oceanic  cond itions.
It a ffects w in d sp eed , p rec ip ita tion , an d  
evapo ra tion , an d  th e  ex ch an g e  o f h e a t 
b e tw e e n  th e  ocean  an d  a tm o sp h e re , an d  
its effects a re  m o s t s tro n g ly  felt in  w in te r . 
The NAO in d ex  is a  sim p le  device u se d  to  
describe  th e  s ta te  o f th e  NAO. It is a  m easu re  
of th e  s tre n g th  of th e  sea  level a ir p ressu re  
g rad ien t b e tw e e n  Iceland  a n d  th e  A zores. 
W h en  th e  NAO in d ex  is positive, th e re  is a 
s tre n g th e n in g  of th e  Icelandic lo w -p ressu re  
sy s tem  a n d  th e  A zores h ig h -p re ssu re  sy s tem . 
This p roduces s tro n g e r m id -la titu d e  w e s te r ly  
w in d s, w ith  co lder a n d  d rie r co nd itions over 
th e  w e s te rn  N o rth  A tlan tic  an d  w a rm e r  
an d  w e tte r  co n d itions in  th e  e a s te rn  N orth  
A tlan tic . W h en  th e  NAO in d ex  is negative, 
th e re  is a reduced  p re ssu re  g ra d ie n t a n d  th e  
effects te n d  to  be  reversed.

T here a re  several s ligh tly  d iffe ren t vers ions 
of th e  NAO in d ex  ca lcu la ted  by  c lim ate  
sc ien tis ts . The H urrell w in te r  (DJF) NAO 
in d ex  is m o s t co m m o n ly  u sed  a n d  h as 
p a rtic u la r re levance  to  th e  e a s te rn  N orth  
A tlan tic . Follow ing a long  period  of increase  
from  a n  e x trem e  an d  p e rs is te n t nega tive  
p h ase  in  th e  1960s to  a  m o s t e x trem e  an d  
p e rs is te n t positive p h ase  d u rin g  th e  la te  
1980s a n d  early  1990s, th e  H urrell NAO

in d ex  u n d e rw e n t a  la rge  a n d  rap id  d ecrease  
d u rin g  th e  w in te r  p reced in g  1996. Since th en , 
th e  H urrell NAO in d ex  h a s  b e e n  fa irly  w eak  
a n d  a less u se fu l d e sc rip to r o f a tm o sp h e ric  
co n d itio n s (see th e  g reen  te x t below ).

TH E  O C E A N  C A N  R E S P O N D  QU I C K L Y  TO  T HE  

STATE O F  T H E  N A O ,  PARTI CULARLY IN W I N T E R  

W H E N  A T M O S P H E R I C  C O N D I T I O N S  AF FECT THE  

O C E A N  S O  I N T E N S E L Y  T H A T  T H E  EFFECTS ARE  

FELT T H R O U G H O U T  T H E  F O L L O W I N G  YEAR.  S O M E  

R E G I O N S ,  S U C H  AS T H E  N O R T H W E S T  ATLANTI C  

A N D  T H E  N O R T H  SEA,  ARE M O R E  R E S P O N S I V E  

T O  T H E  N A O  T H A N  O T H E R  R E G I O N S ,  S U C H  AS  

T H E  ROCKALL T R O U G H .  H O W E V E R ,  T H E  N A O  IS 

N O T  T H E  O N L Y ,  O R  EVEN T H E  M A I N  C O N T R O L  

O N  O C E A N  VARI ABI LI TY.  O VE R T H E  A T LA NTI C AS  

A W H O L E ,  T H E  N A O  STILL O N L Y  A C C O U N T S  FOR  

O N E - T H I R D  O F  T H E  TOTAL V A R I A N C E  IN W I N T E R  

S EA LEVEL P R E S S U R E .  THE C H A O T I C  N A T U R E  OF  

A T M O S P H E R I C  C I R C U L A T I ON  M E A N S  T H A T  EVEN  

D U R I N G  P E R I O D S  O F  S T R O N G L Y  POS I TI VE O R  

NE GA T I V E  N A O  W I N T E R S ,  T H E  A T M O S P H E R I C  

C I R C U L A T I ON  TYPI CALLY EXHI BI TS  S I G N I F I C A N T  

LOCAL D E P A R T U R E S  F R O M  T H E  I DE ALI Z ED  

N A O  P ATTERN.
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Figure 6. The Hurrell winter (DJF) NAO indexfor thepast loo  years (left panel) and the current decade (right panel). Data fro m  Climate Research Unit, UK, 
www.cru. uea.ac. uk/~ti mo/projpages/nao_update. htm
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5.2 North Atlantic sea level 
pressure

The NAO in d ex  is a n  in d ica to r o f th e  
g rad ien t o f sea  level p ressu re , b u t m aps 
can  prov ide  m ore  in fo rm a tio n  a b o u t th e  
w ind fie ld . W in te r co n d itio n s d o m in a te  th e  
ocean  p ro p e rtie s  in  particu la r, so Figure 7 
show s m ap s  of sea  level p ressu re  in  w in te r  
(D ecem b er-Jan u ary -F eb ru a ry -M arch , DJFM). 
The to p  p a n e l in  Figure 7 show s th e  w in te r  
sea  level p ressu re  averaged  over 30 years 
from  1971 to  2000 . The d o m in a n t fe a tu re s  
(“ac tio n  c e n tre s”) are  th e  Iceland  Low (the 
p u rp le  p a tch  s itu a te d  so u th w e s t o f Iceland) 
a n d  th e  A zores H igh (the  o ran g e  p a tch  w e s t 
o f G ibraltar).

NORTH ATLANTIC MEAN WI N D S  WERE 

WEAKER THAN NORMAL

The m idd le  p an e l in  F igure 7 show s th e  m e a n  
sea  level p ressu re  for w in te r  2006  (D ecem ber 
2005, Ja n u a ry -M a rc h  2006) a n d  th e  b o tto m  
p an e l show s th e  2006  w in te r  sea  level 
p ressu re  anom aly , th e  d ifference  b e tw e e n  
th e  to p  a n d  m idd le  panels . We see th a t, 
in  w in te r  2006, b o th  th e  Ice land  Low an d  
th e  A zores H igh w e re  w e a k e r th a n  n o rm al 
(h igher cen tra l p ressu re  in  th e  Iceland  Low, 
a n d  low er cen tra l p re ssu re  in  th e  A zores 
H igh). Also, th e  cen tre  o f th e  Iceland  Low 
w as  d isp laced  to w ard s  th e  so u th w e s t to  th e  
e n tra n c e  to  th e  L abrador Sea. The resu lts  
sh o w  th a t  th e  N o rth  A tlan tic  m e a n  w in d s  
w e re  w e ak e r th a n  n o rm al a n d  th a t  th e  
s to rm  track  (ap p ro x im a ted  b y  th e  w h ite  
a n d  b lue  b an d s  in  th e  m idd le  a n d  b o tto m  
p an e ls  o f Figure 7) w as  d isp laced  a n d  ro ta ted  
so m ew h a t, s ta r t in g  fa r th e r  so u th  b y  N orth  
A m erica  th a n  u sual, an d  e n d in g  fa r th e r  
n o rth  o f N orw ay  th a n  u sual.

T H E  F I G U R E S  S H O W  C O N T O U R S  O F  C O N S T A N T  

S EA LEVEL P R E S S U R E  ( I S O B A R S ) .  T HE  

G E O S T R O P H I C  ( O R  “ G R A D I E N T ” ) W I N D  

B L O W S  PARALLEL WI T H  T H E  I S O B A R S .

T H E  C L O S E R  T H E  I S O B A R S ,  T H E  S T R O N G E R  

T H E  W I N D .

a )

3*< u  ua> :$?n u  jysù

A  1 h  1 m

b )
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Figure 7. Winter (DJFM) sea level pressure fields. Top panel shows sea level pressure averaged 
over 30 years fro m  1971 to 2000. Middle panel shows mean sea level pressure in winter 
2006 (December 2003, January-March 2006). Bottom panel shows the winter 2006 sea 
level pressure anom aly the difference between the top and middle panels. Images provided 
by the NOAA/ESRL Physical Sciences Division, Boulder, Colorado fro m  their website at 
www. cdc. noa a.gov/.
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5.3 North Atlantic surface air 
temperature

N orth  A tlan tic  w in te r  m e a n  su rface  a ir 
te m p e ra tu re s  are  sh o w n  in  Figure 8. The 
1971-2000 m e a n  co nd itions (Figure 8 to p  
panel) sh o w  w a rm  te m p e ra tu re s  p e n e tra tin g  
fa r to  th e  n o rth  o n  th e  e a s t side of th e  
N orth  A tlan tic  an d  N ordic Seas, cau sed  by  
n o rth w ard s  m o v em en t o f w a rm  oceanic 
w a te r. The m idd le  p an e l in  F igure 8 show s 
th e  co n d itions in  w in te r  (DJFM) 2006  an d  
th e  b o tto m  p a n e l show s th e  d ifference  
b e tw e e n  th e  tw o . In  w in te r  2006, th e  e a s te rn  
N orth  A tlan tic  an d  N ordic Seas su rface  a ir 
te m p e ra tu re s  w e re  n e a r  n o rm al. In con trast, 
over m u ch  o f th e  cen tra l an d  w e s te rn  N orth  
A tlantic, su rface  a ir te m p e ra tu re s  w e re  m ore  
th a n  i°C w a rm e r  th a n  n o rm a l in  2006. The 
excep tions a re  th e  th re e  o ra n g e /re d  areas, 
w h ich  sh o w  w a rm e r- th a n -n o rm a l cond itions 
(by 6-1  o°C); th is  is th e  co n seq u en ce  o f sea-ice 
edges re tre a tin g  in  th e  n o r th e rn  L abrador 
Sea, n o r th e a s t G reenland , a n d  n o r th e a s t of 
Svalbard. The b o tto m  p an e l in  Figure 8 also 
show s th a t  it w a s  a cold w in te r  over Europe.

OVER MUCH O F T H E  CENTRAL A N D  

WESTERN NORTH ATLANTIC SURFACE 

AIR TEMPERATURE WAS MORE THAN  

1°C WARM ER THAN NORMAL

a )

I»  W r  ! « T I  f e  P H

Ü 11 -U J ~ i [  —iff - i  T  ï  l í  ¡ i H

b)
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5 # * « . «  d p  (L I  C c ^ p w f  M e n

Figure 8. Winter (DJFM) 
surface air temperature 
fields. Top panel shows 
surface air temperature 
averaged over 30 years 
fro m  1971 to 2000. Middle 
panel shows temperatures 
in winter 2006 (December 
2003, January to March 
2006). Bottom panel shows 
winter 2006 surface air 
temperature anomaly from  
1971-2000, the difference 
between the top and middle 
panels. Images provided by
the NOAA/ESRL Physical d «  ig ur* iOTi La ¿ÉE4 l f ? i  la Í 3PS
Sciences Division, Boulder,
Colorado fro m  their website ^ — ■]— -— T — |— |— *—  1 a n
a t www.cdc.noaa.gov/. 1
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6 . DETAILED AREA D ESCR IPTIO N S

6.1 Introduction

The g en era l p a tte rn  of ocean ic  c ircu la tion  
in  th e  N o rth  A tlan tic , in  re la tio n  to  th e  
a reas  described  here , is g iven in  Figure 
9. In fo rm a tio n  a b o u t each  a re a  h a s  b een  
d is tilled  from  la rg e r d a ta se ts , w h ic h  have 
b e e n  collected  u n d e r  p ro g ram m e s of 
su s ta in e d  observa tions .

Figure g. Schematic o f  the 
general circulation o f  the 
North Atlantic in relation 
to the numbered areas 
presented below. The blue 
arrows indicate the move­
m ent o f  the cooler waters o f  

j*  the subpolar gyre. The red 
arrows indicate the move­
m ent o f  the warmer waters 
o f the subtropica I gyre.

/

i f

C O L D E R  WAT ER TO  S T A T I O N  4  ( E . G.  1 9 8 3 ,  I 9 9 2 ,  

A N D  2 O O 2 ) .  LOCATE D F A RT H E R O F F S H O R E ,

CAPE D E S O L A T I O N  S T A T I O N  3 H A S  A 3 O O O - M -  

D E E P  WAT ER C O L U M N  A N D  S A M P L E S  T H E  WE S T  

G R E E N L A N D  C U R R E N T  A N D  T H E  DE E P  B O U N D A R Y  

C U R R E N T  O F  T H E  L A B R A D O R  SEA.

W est G reen lan d  lies w ith in  a n  a re a  th a t  
n o rm a lly  experiences cooler cond itions 
w h e n  th e  NAO in d ex  is positive. D esp ite  th e  
positive NAO w in te r  2006  index, how ever, a ir 
te m p e ra tu re  co nd itions a ro u n d  G reen land  
co n tin u ed  to  be  w a rm e r  th a n  no rm al; m e a n  
a ir  te m p e ra tu re s  a t N uuk sh o w  positive 
an om alies .

6.2 Area i -  West Greenland

WE S T  G R E E N L A N D  LIES AT T H E  N O R T H E R N  

B O U N D A R Y  O F  T H E  S U B P O L A R  GYRE A N D  IS T H U S  

S U BJ EC T T O  CL I MATI C V A R I A T I O N S  WI T H  IN T H I S  

GYRE.  T H E  W E S T  G R E E N L A N D  C U R R E N T  F O L L O W S  

T H E  C O N T I N E N T A L  S L O P E  O F F  WE S T  

G R E E N L A N D  A N D  TRAVELS N O R T H W A R D S  

T H R O U G H  T H E  DAVI S  STRAI T.  T H E  FYLLAS B A N K  

S T A T I O N  4 ,  L O CA TE D O N  T H E  B A N K  S L O P E  

IN A B O U T  9 O O  M O F  WAT ER ,  IS G O V E R N E D  

M O S T L Y  BY T H E  W A R M  C O M P O N E N T  O F  T H E  

WE S T  G R E E N L A N D  C U R R E N T  ( B E L O W  I 5 0  M ) .

IN S O M E  YE ARS ,  S H A L L O W  S H E L F  WATER  

E X T E N D S  F A R T H E R  O F F S H O R E ,  B R I N G I N G

M ost s ta n d a rd  sec tio n s or s ta tio n s  are  
re p e a te d  a n n u a lly  o r m o re  frequen tly . The 
te x t  su m m arize s  th e  reg io n a l co n tex t o f  th e  
sec tio n s a n d  s ta tio n s, n o tin g  a n y  s ig n ifican t 
re cen t even ts . Key p a ra m e te rs  a re  p lo tted  
a g a in s t tim e .
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At Fyllas Bank, th e  2006  su b su rface  
te m p e ra tu re s  w e re  h igh , sim ila r to  th e  w a rm  
1960s, b u t low er th a n  a u tu m n  2003, w h e n  
te m p e ra tu re s  w e re  2.6g°C above no rm al. The 
long-term  m e a n  (1963-1990) for th e  0 -2 0 0  m  
layer is 2.70°C.

A t Cape D eso la tion  S ta tion  3, th e  u p p e r  layer 
h a s  d e m o n s tra te d  a s ign ifican t w a rm in g  an d  
increasing  sa lin ity  tre n d  since 1983. At 2000  m, 
th e  first p a r t o f th e  tim e -se rie s  show s a 
cooling, f re sh e n in g  tr e n d  to  1997, b u t since 
th e n , th e  t r e n d  h a s  b e e n  to w ard s  in c reas in g  
te m p e ra tu re  a n d  salin ity .

C k u  Í S m i i L -  l ! U n J i  l i l h M  m J i -J i i  J  Im W  ¡ '■ -fV -a i.an ’B n ' l  ’u -H -B 'iT fa i j f l l  I L a h r i ]  E > í  E ' l  ■** T l l V l  M i fai T h -rtafi l i i  M V  T fir .
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Figure io. Area i -  West Greenland. Annual mean air temperature observed a t Nuuk.
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Figure u .  Area i -  West Greenland. Fyllas Bank Station 4 autum n temperature (upperpanel) and salinity 
(lowerpanel), 0 -200 m.
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Figure 12. Area 1 -  West 
Greenland. Temperature 
(upperpanel) and salinity 
(lower panel) a t so  m  at 
Cape Desolation Station 3.
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Figure 13. Area 1 -  West
Greenland. Temperature
(upperpanel) and salinity
(lowerpanel) a t 2000 m  at
Cape Desolation Station
3, in the West Greenland
Current. -, -,
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6.3 Area 2 -  Northwest
Atlantic: Scotian Shelf and 
the Newfoundland and 
Labrador Shelf

O C E A N O G R A P H I C  C O N D I T I O N S  IN T H I S  AREA  

ARE D E T E R M I N E D  LARGELY BY T H E  S T R E N G T H  O F  

T HE W I N T E R  A T M O S P H E R I C  C I R C U L A T I ON  O VE R  

T HE N O R T H W E S T  ATLANTI C.  IN G E N E R A L ,  W H E N  

T HE N O R M A L  C Y C L O N I C  C I R C U L A T I ON  IS WEAK  

D U R I N G  T H E  W I N T E R  M O N T H S  ( S O M E T I M E S  

C O R R E S P O N D I N G  T O  A N E GA TI VE N A O  I N D E X ) ,  

W A R M  A N D  S A L I NE  O C E A N  C O N D I T I O N S  

P R E D O M I N A T E .

Scotian  S h elf

The c o n tin e n ta l sh e lf  o ff th e  coast o f 
N ova Scotia is ch arac te rized  b y  com plex  
to p o g ra p h y  co n sis tin g  o f m a n y  offshore  
shallow  (<100 m) banks an d  deep  (>200 m) 
m id sh e lf  basins. It is se p a ra te d  from  th e  
so u th e rn  N ew fo u n d lan d  Shelf b y  th e  
L au ren tian  C hannel an d  bo rders  th e  G ulf 
of M aine  to  th e  so u th w es t. The su rface  
c ircu la tion  is d o m in a te d  b y  a  g en e ra l flow  
to w ard s  th e  so u th w es t, in te r ru p te d  by  
clockw ise m o v em en t a ro u n d  th e  b an k s an d  
an tic lockw ise  m o v em en t a ro u n d  th e  basins, 
w ith  th e  s tre n g th s  v a ry in g  seasonally . 
T em p era tu re  a n d  sa lin ity  co n d itions over th e  
sh e lf  a re  la rge ly  d e te rm in e d  b y  advection  
of w a te r  from  s o u th e rn  N ew fo u n d lan d  a n d  
th e  G ulf o f St Law rence, as w ell as o ffshore 
“slope” w a te rs .

In 2006, a n n u a l m e a n  a ir te m p e ra tu re s  
over th e  S co tian  Shelf, re p re se n te d  b y  Sable 
Island  observations, w e re  above average  by  
a p p ro x im a te ly  i.4°C (based  o n  1971-2000 
m e a n  values), u p  o.6°C from  2005. W est of 
Sable Island, a ir te m p e ra tu re  an o m alie s  
d ecreased  s lig h tly  to  i.3°C over th e  e a s te rn  
G ulf o f M aine.

The a m o u n t o f sea  ice o n  th e  S cotian  Shelf 
in  2006, as m e a su re d  b y  th e  a rea  of ice 
seaw ard  o f th e  C abot S tra it b e tw e e n  Nova 
Scotia a n d  N ew fo u n d lan d  from  Ja n u a ry  to  
April, w as  w ell b e lo w  no rm al, c o n tin u in g  
th e  d o w n w ard s  t r e n d  from  th e  ex cep tiona lly  
la rge  cover in  2003. Overall, th e  ice cover 
in  2006  w as  th e  th ird  lo w est in  38 years,

w h e re a s  th e  2003 cover w as  th e  second  
h ig h e s t in  th e  en tire  record.

T opography  sep a ra te s  th e  n o r th e a s te rn  
S co tian  S helf from  th e  re s t o f th e  shelf.
In th e  n o rth e a s t, th e  b o tto m  te n d s  be 
covered b y  re la tive ly  cold w a te rs  (i~4°C) 
w h e re a s  th e  b as in s  in  th e  cen tra l an d  
so u th w e s te rn  reg ions ty p ica lly  have  b o tto m  
w a te r  te m p e ra tu re s  o f 8-io°C . The o rig in  
o f th e  la t te r  is th e  o ffshore  slope w aters , 
w h e re a s  in  th e  n o rth e a s t, th e  w a te r  com es 
p rinc ipa lly  from  th e  G ulf o f St Law rence.
The in te ra n n u a l v a riab ility  o f th e  tw o  
w a te r  m asses  differs. M e a su re m e n ts  of 
te m p e ra tu re s  a t 100 m  a t th e  M isaine  
Bank s ta tio n  cap tu re  th e  ch an g es  in  th e  
n o rth e a s t. T hey reveal w a rm e r-th a n -n o rm a l 
co nd itions in  2006  b y  o.6°C, a n  increase  
from  n e a r-n o rm a l co n d itio n s in  2005. In 
E m erald  Basin, te m p e ra tu re s  in  2006  w e re  
o.7°C above n o rm a l a t 100 m, a n  increase  
o f ap p ro x im a te ly  2.4°C from  2005. There 
w a s  a  slig h t in c rease  (by o.25°C) a t 250 m  to  
a n n u a l v a lu es n ea rly  o.4°C above norm al.
The w a rm e r  th a n  average  deep  te m p e ra tu re s  
co n tin u e  a tr e n d  th a t  h a s  p e rs is ted  since th e  
m id-1980s, ex cep t fo r th e  cold y e a r o f 1998.

THE A M O U N T  OF SEA ICE WAS WELL 

BELOW NORMAL IN 2006

A n n u a l sea  su rface  te m p e ra tu re  an o m alie s  
w e re  h igh : a b o u t i.2°C over th e  ea s te rn , i.25°C 
over th e  cen tra l a n d  o.4°C over th e  w e s te rn  
S co tian  S helf d u rin g  2006. The Lurcher Shoal 
a re a  w e s t o f N ova Scotia h ad  a n  an n u a l 
a n o m a ly  o f o.6°C, th e  Bay o f Fundy  i.i°C.
The d e n s ity  d ifference  b e tw e e n  o a n d  50 m  
over th e  Sco tian  Shelf in c reased  on  average 
in  2006  to  above no rm al, a lth o u g h  th e re  
w a s  considerab le  sp a tia l v a ria b il ity  w ith  
s tra tif ic a tio n  be lo w  n o rm al in  som e areas.
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Figure 14. Area 2 -  
Northwest Atlantic: Scotian 
Shelf. M onthly means o f  ice 
area seaward o f  Cabot Strait 
(upper panel) and filtered  
air temperature anomalies 
at Sable Island on the 
Scotian Shelf (lower panel).
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Figure 15. Area 2 -  
Northwest Atlantic: Scotian 
Shelf. Near-bottom  
temperature anomalies 
(upperpanel) and salinity 
anomalies (lowerpanel) in 
the northeastern Scotian 
Shelf (Misaine Bank, 100 m).
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Figure 16. Area 2 -  
Northwest Atla ntic: 
Scotian Shelf. Near-bottom  
temperature anomalies 
(upperpanel) and salinity 
anomalies (lowerpanel) in 
the central Scotian Shelf 
(Emerald Basin, 250 m).
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Figure 17. Area 2 -  
Northwest Atlantic: 
Newfoundland and  
Labrador Shelf. M onthly 
sea-ice areas o ff  
Newfoundland and  
La brador between 4s °N 
and  55 °N

N ew fo u n d la n d  an d  Labrador S h elf

The NAO in d ex  fo r 2006  w as  negative, an d  
as a re su lt A rctic ou tflo w  to  th e  N o rth w est 
A tlan tic  w as  w e a k e r th a n  n o rm al. A n n u a l a ir 
te m p e ra tu re s  w e re  above n o rm a l a t Labrador 
(C artw righ t) a n d  N ew fo u n d lan d  (St Jo h n ’s) 
b y  i°C to  n e a r  3°C. Sea-ice e x te n t on  th e  
N ew fo u n d lan d  a n d  L abrador Shelf fo r 2006 
w as  be lo w  average  for th e  12th consecu tive  
year, th e  low est on  record  d u rin g  th e  sp rin g  
m o n th s . Sea ice also  a p p e a re d  la te  a n d  left 
early  in  2006, re su ltin g  in  a sh o r te r  ice seaso n  
th a n  norm al.

SEA-ICE EXTENT WAS THE LOWEST 

O N RECORD DURI NG SPRI NG  

MO N T H S ,  WHILE A N N U A L  WATER 

TEMPERATURES REACHED A 

6 i -y e a r  HI GH

A t th e  s ta n d a rd  m o n ito r in g  site  o ff e a s te rn  
N ew fo u n d lan d  (S tation  27), th e  d ep th - 
averaged  a n n u a l w a te r  te m p e ra tu re  
in c reased  to  n e a r  i°C, th e  h ig h e s t in  th e  61- 
y e a r  record. Surface te m p e ra tu re s  a t S ta tion  
27 w e re  also a t a  61-year record  h igh . B ottom  
te m p e ra tu re s  w e re  above n o rm a l b y  o.8°C.

A ro b u s t in d ex  of ocean  c lim ate  co n d itio n s in  
e a s te rn  C an ad ian  w a te rs  is th e  e x te n t o f th e  
cold in te rm e d ia te  layer (CIL) o f <o°C w a te r  
overly ing  th e  c o n tin e n ta l shelf. This w in te r-  
cooled w a te r  rem a in s  tra p p e d  b e tw e e n  
th e  seaso n a lly  h e a te d  u p p e r  layer a n d  th e  
w a rm e r  shelf-s lope  w a te r  th ro u g h o u t th e  
su m m e r a n d  a u tu m n  m o n th s . D uring  th e  
1960s, w h e n  th e  NAO w as w ell b e low  n o rm al 
a n d  h a d  th e  low est va lue  ever in  th is  century , 
th e  v o lu m e o f CIL w a te r  w as  a t a  m in im u m , 
a n d  d u rin g  th e  h ig h  NAO y ea rs  o f th e  early  
1990s, th e  CIL v o lu m e reach ed  near-reco rd  
h ig h  values. D uring  2006, th e  CIL rem a in ed  
be lo w  n o rm a l on  th e  e a s te rn  N ew fo u n d lan d  
Shelf fo r th e  12th consecu tive  year.

The n ea r-b o tto m  th e rm a l h a b ita t  on  th e  
N ew fo u n d lan d  an d  L abrador Shelf co n tin u ed  
to  w a rm  in  2006, w ith  b o tto m  te m p e ra tu re s  
ran g in g  from  o.5°C to  i°C above th e  lo n g -te rm  
m e a n  in  m a n y  areas, a lth o u g h  th e y  cooled 
su b s ta n tia lly  d u rin g  la te  a u tu m n , p a rticu la rly  
in  n o r th e rn  areas.

In general, ocean  te m p e ra tu re s  on  th e  
N ew fo u n d lan d  an d  L abrador Shelf du rin g  
2006  in c reased  over 2005 values, reach in g  
a  record  h ig h  a t S ta tio n  27, c o n tin u in g  th e  
w a rm  tr e n d  experien ced  since th e  m id  to  
la te  1990s. Shelf w a te r  sa lin ities, w h ic h  w ere  
low er th a n  n o rm al th ro u g h o u t m o s t o f th e  
1990s, h ave  in c reased  to  above n o rm al va lues 
d u rin g  th e  p a s t five years, a lth o u g h  th e re  w as  
considerab le  local variab ility .
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F igure 18. Area 2 -  
Northwest Atlantic: 
Newfoundland and 
Labrador Shelf Annual 
air temperature anomalies 
at Cartwright on the 
Labrador Coast.
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Figure ig. Area 2 -  
Northwest Atla ntic: 
Newfoundland and 
Labrador Shelf Annual 
depth-averaged 
Newfoundland Shelf 
temperature anomalies 
(top panel) and salinity 
anomalies (middlepanel), 
and spatial extent o f  
cold intermediate layer 
(CIL; bottom panel).
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6.4 Area 2b -  Labrador Sea 
Scotian Shelf

T H E  LABRADOR SEA IS LOCATED BETWEEN 

G R E E N L A N D  A N D  TH E  LABRADOR CO AS T  O F  

EASTERN CANADA.  COLD,  LOW- SALI NI TY WATERS 

O F  POLAR O R I G I N  CIRCLE T H E  LABRADOR SEA 

IN AN A NT I CLOCKWI S E C U R R E N T  SYSTEM T HAT 

I NCLUDE S  B O T H  THE N O R T H - F L O W I N G  WEST 

G R E E N L A N D  C U R R E N T  O N  THE EASTERN SI DE 

AN D TH E  S O U T H - F L O W I N G  LABRADOR C U R R E N T  

O N  T H E  WESTERN SI DE .  WARM A N D  SALI NE 

WATERS F ROM MO R E  S O U T H E R N  LATITUDES 

FLOW N O R T H W A R D S  I N T O  THE LABRADOR SEA 

O N  T H E  G R E E N L A N D  SI DE A ND  B E C O M E  COLDER 

A N D  F R E S H E R  AS TH EY  CI RCULATE.

A series o f severe w in te r s  in  th e  early  
1990s led  to  th e  m o s t re cen t period  o f  d eep  
convection , w h ic h  p eak ed  in  1993-1994. 
S u b seq u en t w in te r s  h av e  g en era lly  b een  
m ild e r th a n  no rm al, a n d  th e  u p p e r  levels o f 
th e  L abrador Sea h ave  b eco m e  w a rm e r  an d  
m o re  sa line . The u p p e r  150 m  o f  th e  w e s t-  
c en tra l L abrador Sea have  w a rm e d  b y  m ore  
th a n  i°C a n d  in c rea sed  in  sa lin ity  b y  m ore  
th a n  0.1 since  th e  ea rly  1990s. C ond itions in  
2006  w e re  s im ila rly  w a rm  a n d  sa line .
The 2006  a n n u a l m e a n  se a  su rface  
te m p e ra tu re  in  th e  w e s t-c e n tra l L abrador 
Sea w a s  w a rm e r  th a n  n o rm a l fo r th e  13th 
consecu tive  year. The la s t fo u r y ea rs  (2 0 0 3 - 
2006) h av e  b e e n  ex cep tio n a lly  w a rm .

LABRADOR SEA H Y D R O G R A P H I C  C O N D I T I O N S  

D E P E N D  O N  A BALANCE BETWEEN HEAT LOST 

T O  T H E  A T M O S P H E R E  A N D  HEAT G A I N E D  F ROM 

WARM,  SALI NE ATLANTI C WATERS.  SEVERE 

WI N T E R S  U N D E R  H I G H  N A O  C O N D I T I O N S  

LEAD T O  GREATER C O O L I N G :  IN EXCEPTI ONAL 

CASES,  T H E  RES ULTI NG I NCREASES IN THE 

SURFACE DENSI TY CAN LEAD T O  CONVECTI VE 

M I XI N G  O F  T HE  WATER C O L U M N  T O  D E P T H S  UP 

T O  2 KM.  MI LDER WI N T E R S  U ND E R  LOW N A O  

C O N D I T I O N S  LEAD TO  LOWER H EAT LOSSES A ND  

AN I NCREASED P RES ENCE O F  TH E WARM,  SALINE 

ATLANTI C WATERS.
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Figure 20. Area 2b -  
Labrador Sea. Spring/ 
early sum m er potential 
temperature (upperpanel) 
and salinity (lowerpanel) 
values fo r  0 -150 m depth 
fro m  fo u r  stations in the 
west-centra I La brador Sea 
(centred at56.y°N52.5°W).
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Figure 21. Area 2b -  
Labrador Sea. Annual mean 
sea surface temperature 
data fro m  the west-cen­
tral Labrador Sea f56.5 °N 
52.5 °W). Data obtained 
fro m  the HadlSSTi.i Global 
Sea Surface Temperature 
dataset, UK Meteorological 
Office, Hadley Centre.
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F i g u r e  22. Area 2b -  
Labrador Sea. M onthly sea 
surface temperature data 
fro m  the west-central 
Labrador Sea (56.5°N 
52.5°W). Data obtained 
fro m  the HadISSTi.1 Global 
Sea Surface Temperature 
dataset; UK Meteorological 
Office, Hadley Centre.

6.5 Area 2c -  Mid-Atlantic Bight

T H E  H Y D R O G R A P H I C  C O N D I T I O N S  IN T HE  

W E S T E R N  S L O P E  S EA,  T H E  M I D - A T L A N T I C  B I G H T ,  

A N  D T H E  G U L F  O F  M A I N E  D E P E N D  U P O N  T HE  

S U P P L Y  O F  WAT ERS  F R OM T H E  L A B R A D O R  SEA,  

B O T H  A L O N G  T H E  S H E L F  A N D  A L O N G  THE  

C O N T I N E N T A L  S L O P E .  T H E S E  WAT E R S  HAVE BEEN  

M O N I T O R E D  BY M E A N S  O F  RE GU L A R  E X P E N D A B L E  

B A T H Y T H E R M O G R A P H  (RET)  A N D  S U R F A C E  

S A LI NI TY O B S E R V A T I O N S  F R OM C O M M E R C I A L  

A N D  F I S H I N G  V E S S E LS  S I N C E  I 9 7 8 .  O N E  S E C T I O N  

R U N S  B E TWEE N N E W  JERSEY A N D  B E R M U D A  A N D  

T H E  O T H E R  TRAVERS ES  T H E  G U L F  O F  M A I N E  

EAST O F  B O S T O N .  H Y D R O G R A P H I C  C O N D I T I O N S  

ARE A L S O  M O N I T O R E D  O N  G E O R G E S  BANK.  

U N F O R T U N A T E L Y ,  T H E  XBT P R O G R A M M E  

A L O N G  T H E  N E W  J E RS E Y - B E  RM U DA R O U T E  WA S  

I N T E R R U P T E D  IN 2006 , S O  T H E R E  IS N O T H I N G  

TO  RE P O RT F R OM T H I S  LI NE.  IN 200J, T HE  

P R O G R A M M E  W A S  BE EN R E - E S T A B L I S H E D ,  S O  WE  

AN T I CI P A T E  I N C L U D I N G  A R E P O R T  NE XT YEAR.

Figure 23 show s th e  a re a  from  w h ich  th e  
te m p e ra tu re  in fo rm a tio n  h a s  b e e n  com piled . 
N ote th e  d is tan ce  scale in  k ilom etres  
e a s t o f Boston to w ard s  Y arm outh , Nova 
Scotia. Figure 23 show s su rface  a n d  b o tto m  
te m p e ra tu re s  from  XBTs ta k e n  a lo n g  th e  line 
since th e  s ta r t o f th e  p ro g ram m e  in  1978. The 
low er p an e ls  sh o w  an o m a lie s  n o rm alized  by

s ta n d a rd  d ev ia tio n  fo r th e  1978-1990 period. 
It can  be seen  th a t  m o s t an o m a lie s  sp a n  th e  
en tire  G ulf o f M aine  w h e n  th e y  occur. The 
y e a r 2006  w as  w a rm e r  th a n  average, a  clear 
ch an g e  from  th e  m o s tly  cooler p rev ious
2.5 years . The G ulf o f M aine  h a s  b e e n  average 
to  w a rm  fo r th e  p a s t te n  years . The b o tto m  
te m p e ra tu re s  a lo n g  th is  sec tion  d e m o n s tra te  
a  so m e w h a t d iffe ren t character, w ith  cooler 
periods o ccu rring  m u ch  less f re q u e n tly  
o n ly  in  1998/1999 an d  2004 /2005 . B ecause 
th e  b o tto m  is ra th e r  sh a llo w  a t each  end, 
th e s e  reg ions d e m o n s tra te  som e ev idence 
o f b e in g  decoup led  from  th e  in te rio r o f th e  
G ulf o f M aine. D uring  2006, a s tro n g  w a rm  
a n o m a ly  sp a n n e d  th e  en tire  section . B ecause 
th e  b o tto m  w a te rs  are  o u t o f co n tac t w ith  
th e  a tm o sp h ere , w e  m u s t a ssu m e  th a t  th is  
v a ria tio n  o rig in a tes  from  th e  c o n tin e n ta l 
sh e lf  a n d  h a s  b een  advec ted  in to  th e  G ulf 
o f M aine.

The Georges Bank surface observations (0-30 m) 
all com e from  th e  reg io n  enclosed  b y  th e  
red  po lygon  in  Figure 24. The d e p th  con tou rs  
a re  th e  sam e  as before, 100 a n d  200 m, w ith  
a n  ad d ed  d ash ed  line  a t 50 m  dep th . The 
low er p an e ls  in  F igure 24 sh o w  te m p e ra tu re  
a n d  sa lin ity  an om alies . The an o m a lie s  are  
in  o rig inal u n its  re la tive  to  th e  m e a n  for 
th e  1978-1987 period. N ote th e  co n tin u ed  
w a rm e r- th a n -n o rm a l te m p e ra tu re s ; th is  is 
q u ite  co n s is ten t w ith  th e  XBT values.
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h ig h  sa lin ities  acco m p an y  h ig h  te m p e ra tu re s

70 YY ne W

Figure 23. Area 2c-M id- 
Atlantic Bight. Upper panel 
is a chart showing the area 
fro m  which expendable 
bathythermograph (XBT) 
observations are used to 
construct the time-series. 
Note the distance scale 
east fro m  the longitude 
o f Boston. The 100 and 
200 m  isobaths are shown. 
Sea surface temperature 
(middlepanel) and bottom  
temperature (lowerpanel) 
east o f  Boston as a function  
o f tim e since ig j8  shown 
as normalized anomalies 
fo r  the ig jS -ig g o  period. 
Courtesy J. Jossi, National 
Marine Fisheries Service.
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Figure 24. Area 2c -  
Mid-Atlantic Bight.
Upper panel is a chart o f  
the northwest portion o f  
Georges Bank. The 60 and 
200 m  isobaths (solid) 
and 60 m  (dashed) are 
shown. Lower panels show  
time-series plots o f  0 -30  m  
averaged temperature and 
salinity a t Georges Bank. 4 "
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► V oluntary o b se rv in g  s h ip s
Many o f  the data  presented here are collected from commercial vessels that  voluntarily make ocean m easurem ents  along their 
journeys. The results from monthly sampling o f  surface and bottom tem peratures  for nearly three decades reveal the power of 
systematic or repeat sampling from merchant marine vessels. A num ber  o f  vessels are now operating automated systems to 
sample tem perature  and salinity while under way. The key to success with these  is to ensure that  the data  become available as 
soon as the vessel makes a port call. There is a pressing need for merchant marine-optimized techniques to track and report 
data  from the ocean in a timely fashion.

The section east o f  Boston has depended upon observations from various vessels, including those  from Eimskipafelag,
Caribou Seafoods, the US Coast Guard, and Hans Speck and Son. Their cooperation is greatly appreciated.
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6.6 Area 3 -  Icelandic waters

I C E L A N D  IS AT A MEETI  N G  PLACE O F  W A R M  A N D  

C O L D  C U R R E N T S .  T H E S E  C O N V E R G E  IN A N  AREA  

O F  S U B M A R I N E  R I D G E S  ( G RE E N LAN D - S C O T L A N  D 

R I D GE ,  REYKJ ANES  R I D G E ,  KOLBEI  N S E Y  R I D G E ) ,  

W H I C H  F O R M  N A T U R A L  BARRI ERS  A G A I N S T  THE  

M A I N  O C E A N  C U R R E N T S .  T H E  W A R M  I R M I N G E R  

C U R R E N T ,  W H I C H  IS A B R A N C H  O F  T H E  N O R T H  

A T LA NTI C C U R R E N T  ( 6 - 8 ° C ) ,  F L O W S  F R OM  

T HE S O U T H ,  A N D  THE C O L D  EAST G R E E N L A N D  

A N  D EAST I C E L A N D I C  C U R R E N T S  ( ~ 1° C T O  2°C)  

F L O W  F R O M  T H E  N O R T H .  D E E P  A N D  B O T T O M  

C U R R E N T S  I N T H E  S E A S  A R O U N D  I C E L A N D  ARE  

PR I NCI  PALLY T H E  O V E R F L O W  O F  C O L D  WAT ER  

F R OM T H E  N O R D I C  S E A S  A N D  T H E  ARCTI C  

O C E A N  O V E R  T H E  S U B M A R I N E  R I D G E S  I N T O  

T H E  N O R T H  AT LA NTI C .

In  2006, m e a n  a ir  te m p e ra tu re s  in  th e  
so u th  (Reykjavik) a n d  n o r th  (Akureyri) 
w e re  above lo n g - te rm  averages. D uring  th e  
year, te m p e ra tu re  a n d  sa lin ity  so u th  a n d  
w e s t o f Ice land  re m a in e d  h ig h . In  sp rin g  
an d  a u tu m n , so m e  in flu en ce  o f sea  ice w a s  
re flec ted  in  th e  n o r th e rn  a re a  in  th e  lo w est 
te m p e ra tu re s  fo r te n  years , a cco m p an ied  b y  
lo w er sa lin ities . The te m p e ra tu re  a n d  sa lin ity  
co n d itio n s h a d  c h an g ed  back  to  v a lu es  above 
lo n g - te rm  m e a n s  in  F eb ru a ry  2007. S a lin ity  
an d  te m p e ra tu re  m e a s u re m e n ts  in  th e  East 
Icelandic  C u rren t in  sp rin g  2006  w e re  above 
average.

H Y D R O G R A P H  IC C O N  D I T I O N S  IN I C E L A N D I C  

WAT E R S  ARE G E N E R A L L Y  CL OS ELY RELATED T O  

T H E  A T M O S P H E R I C  O R  C L I MA T I C C O N D I T I O N S

I N A N D  O V E R  T H  E C O U N T R Y  A N  D TH E 

S U R R O U N D I N G  S E A S ,  M Al N LY TH R O U G H  T H E  

I C E L A N D  L O W  A N D  T H E  H I G H  P R E S S U R E  O V E R  

G R E E N L A N D .  T H E S E  C O N D I T I O N S  IN T H E  

A T M O S P H E R E  A N D  T H E  S U R R O U N D I N G  S E A S  

AF F EC T B I O L O G I C A L  C O N D I T I O N S ,  E X P R E S S E D  

T H R O U G H  T H E  F O O D  C H A I N  IN T H E  WA T E R S ,  

I N C L U D I N G  R E C R U I T M E N T  A N D  A B U N D A N C E  

O F  C O M M E R C I A L  F I S H  S T O C K S

J vr-

F x -9

I Sb-5

1 5 '

Figure 25. Area 3 -  
Icelandic waters.
Main currents and location 
o f  standard hydrobiolog ical 
sections in Icelandic waters.
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Figure 26. Area 3 -  
Icelandic waters.
Mean annual air 
temperature a t Reykjavik 
(upperpanel) and  
Akureyri (lowerpanel).
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Figure 27. Area 3 -  
Icelandic waters. 
Temperature (upperpanel) 
and salinity (lowerpanel) 
a t 5 0 - 1 5 0  m  depth at 
Stations SÍ2-4 in North 
Icelandic waters.
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Figure 28. Area 3 -  
Icelandic waters. 
Temperature (upperpanel) 
and salinity (lowerpanel) 
between o and 200 m  at 
Station Sbs in South 
Icelandic waters.
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Figure 2g. Area 3 -  
Icelandic waters. 
Temperature (upperpanel) 
and salinity (lowerpanel) 
between o and 50 m  in 
the East Icelandic Current 
(Station Lna2-6).
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6.7 Area 4 -  Bay of Biscay and 
eastern Atlantic

T H E  BAY O F  BI SCAY IS L OCATE D IN T H E  EAS TERN  

PART O F  T H E  N O R T H  ATLANTI C.  ITS G E N E R A L  

C I R C U L A T I ON  F O L L O W S  T H E  S U B T R O P I C A L  

ANTI  CYC LO N IC GYRE A N D  IS RELATIVELY WEAK  

( 1 - 2  CM S ' ) .  IN T H E  S O U T H E R N  PART O F  T HE  

BAY O F  BI SCAY,  E A S T - F L O W I N G  S H E L F  A N D  

S L O P E  C U R R E N T S  ARE C O M M O N  IN A U T U M N  A N D  

W I N T E R  AS  A RES ULT O F  WES TERLY W I N D S .  IN 

S P R I N G  A N D  S U M M E R ,  EASTERLY W I N D S  ARE  

D O M I N A N T ,  A N D  C O AS T AL  U P W E L L I N G  EV EN TS  

ARE F R E Q U E N T .

The a n n u a l m e a n  a ir te m p e ra tu re  in  th e  
s o u th e rn  Bay of Biscay d u rin g  2006  h as 
exceeded  i5.5°C, m ore  th a n  i°C over th e  
1 961-2000  average, m ak in g  2006  one  o f th e  
w a rm e s t y ea rs  o f th e  p a s t th re e  decades. As 
in  re cen t years, how ever, th e  a n n u a l average 
d isgu ises u n u su a lly  cold w in te rs  a n d  w a rm  
su m m ers . In fact, fo r 2006, early  w in te r  w as  
especia lly  cold w h ile  July w a s  ex trem ely  
w a rm . A sim ila r p a tte rn  w as  seen  in  th e  
sea  su rface  te m p e ra tu re ; th e  average  va lue  
fo r 2006  is th e  h ig h e s t o f th e  tim e-se rie s  
(i7 4 3 °C).

THE A N N U A L  AVERAGE DI SGUISES UNUSUALLY COLD WINTERS A N D  WARM S UMMERS

In 2006, a cold w in te r  a n d  w a rm  su m m e r 
a n d  a u tu m n  p roduced  a  h ig h  sea  surface  
te m p e ra tu re , b u t in  th e  su b su rface  w a te r  
co lum n  (0 -3 0 0  m), th e  cold, deep, w in te r  
m ixed  layer from  th e  prev ious years  
rem ain ed . The d e e p e n in g  o f th e  m ix ed  layer 
th a t  w a s  th e  m a in  fe a tu re  d u rin g  2005 
occurred  ag a in  in  2006. The cold sea  surface  
te m p e ra tu re  a n d  s tro n g  w in d s  co m bined  
w ith  th e  low  s tra tifica tio n  from  th e  prev ious 
y e a r  to  p roduce  a  new ly  v e n ti la te d  m ixed  
layer 300  m  deep. This ev en t effectively 
reversed  th e  recen t w a rm in g  tr e n d  o f th e  
u p p e r  layers o f th e  E aste rn  N orth  A tlan tic  
C entral W ate r (ENACW). M oreover, re latively  
low  p rec ip ita tio n  a n d  river ru n -o ff kep t 
th e  sa lin ity  h ig h  in  th e  w a te rs  be lo w  th e  
seaso n a l th e rm o c lin e .

B etw een  1998 an d  2001, fre sh e n in g  w as  
observed  in  th e  w a te r  from  o to  300  m.
In 2002, th is  t r e n d  w as  reversed  d u rin g  
a  period  o f th e  ep isodic Ib erian  Polew ard 
C urren t. From  2003 to  2006, a n  increase  in 
sa lin ity  w a s  observed  in  th e  u p p e r  300 m. 
The sa lin ity  is re la ted  to  b o th  a tm o sp h e ric  
fo rc ing  in  th e  fo rm a tio n  a re a  o f th e  ENACW 
(p rec ip ita tio n  an d  evapora tion) an d  th e  
Ib e rian  Polew ard C urren t. The m arked  
in c rease  in  sa lin ity  in  th e  ENACW in  2005 
a n d  2006 is also observed  b e tw e e n  300  m  
a n d  6 0 0  m.
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Figure 30. Area 4 -  
Bay o f  Biscay and eastern 
Atlantic. Sea surface 
temperature (upperpanel) 
and air temperature (lower 
panel) a t San Sebastian 
(43 °i8 .fN  02 °2.37'W).
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Figure 31. Area 4 -  
Bay o f  Biscay and eastern 
Atlantic. Potential 
temperature (upperpanel) 
and salinity (lowerpanel) 
a t Santander Station 6 
(5-300 m).
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Figure 32. Area 4 -  
Bay o f  Biscay and eastern 
Atlantic. M onthly potential 
temperature a t Santander 
Station 6 (5-300 m).
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6.8 Area 5 -  Rockall Trough

T H E  ROCKALL T R O U G H  IS S I T U A T E D  WE S T  OF  

BRI TAI N A N D  I R E L A N D ,  A N D  IS S E P A R A T E D  

F R OM T H E  I C E L A N D  BA S I N  BY T H E  H A T T O N  A N D  

ROCKALL B A N K S ,  A N D  F R O M  T H E  N O R D I C  S EAS  

BY T H E  S H A L L O W  ( 5 OO  M)  WYVI L L E - T H  O  M S O  N 

R I D GE .  IT A L L O W S  W A R M  N O R T H  A T LA NTI C U P P E R  

WAT ER TO  REACH T H E  N O R W E G I A N  SEA,  W H E R E  

IT IS C O N V E R T E D  I N T O  C O L D ,  D E N S E  O V E R F L O W  

WAT ER AS PART O F  T H E  T H E R M O H A L I N E  

O V E R T U R N I N G  I N TH E N O R T H  AT LANTI C.  T HE  

U P P E R  WAT ER C O L U M N  IS C H A R A C T E R I Z E D  BY 

P O L E W A R D S - M O V I N G  EAS TE RN N O R T H  ATLA NTI C  

WATER,  W H I C H  IS W A R M E R  A N D  SALTI ER T H A N  

WAT ERS  O F  T H E  I CE L A N D  B A S I N  ( T H AT  A L S O  

C O N T R I B U T E  T O  T H E  N O R D I C  SEA I N F L O W ) .

T H I S  A L S O  C O N T R I B U T E S  TO  T H E  N O R D I C  SEA  

I N F L O W .  B E L O W 1200 M,  T H E  I N T E R M E D I A T E  

WAT ER M A S S ,  T H E  L A B R A D O R  SEA WATER,  IS 

T R A P P E D  BY T H E  S H A L L O W I N G  T O P O G R A P H Y  TO  

T H E  N O R T H ,  W H I C H  P R E V E N T S  TH R O U G H - F L O W ,  

BU T A L L O W S  RE CI R C U L A T I O N  W I T H I N  T H E  B A S I N.

In 2006, th e  w a rm  a n d  sa lin e  co nd itions 
p e rs is ted  in  th e  u p p e r  o cean  o f th e  Rockall 
T rough, th o u g h  sa lin ity  h a s  b een  dec reas in g  
since a p eak  in  2003. The n o tab le  d ecrease  
in  m e a n  sa lin ity  in  2006 w as  cau sed  by  
th e  p resen ce  o f f re sh e r w a te r  b e tw e e n  th e  
A n to n  D ohrn  S eam o u n t (n°W ) an d  th e  
Rockall B ank (i3°W); how ever, th e  sh e lf

edge cu rren t (at 9°W) h a d  p e rs is te n tly  h ig h  
sa lin ities. T em p era tu res  once ag a in  reached  
record  levels, th o u g h  m o st o f th e  ad d itio n a l 
w a rm in g  since 2005 w a s  confined  to  th e  
u p p e r  4 0 0  m . U pper ocean  te m p e ra tu re s  
(0 -8 0 0  m) w e re  o.8°C a n d  sa lin ity  0 .04  
above th e  lo n g -te rm  m e a n  (1975-2000).

WARM A N D  SALINE CON DI T I ONS  

PERSISTED

The tim e -se rie s  o f su rface  o b serv a tio n s a t 
th e  M alin  H ead  coasta l s ta tio n  (the m o s t 
n o rth e rly  p o in t o f Ireland) d e m o n s tra te  a 
s im ila r p a tte rn  in  th e  u p p e r  layer o p en  ocean  
m e a su re m e n ts . The coasta l s ta tio n  is in sho re  
o f coasta l cu rren ts  a n d  in flu en ced  b y  run-off. 
Since th e  la te  1980s, te m p e ra tu re s  h ave  b een  
increasing , w ith  th e  m id -2 0 0 0 s  b e in g  th e  
h ig h e s t reco rded  since th e  records b e g a n  in  
i9 6 0 . The seaso n a l cycle on  th e  Irish  Shelf is 
illu s tra ted  b y  d a ta  from  th e  M i w e a th e r  bu o y  
w e s t o f Galway.

The core o f th e  deep  L abrador Sea W ater 
d e m o n s tra te d  co n tin u ed  cooling, a  tr e n d  
th a t  h a s  d o m in a te d  th e  en tire  tim e-series . 
The sa lin ity  in  2006  w a s  low er th a n  th a t  in 
2005, a n d  th e  lo n g -te rm  fre sh e n in g  tre n d  
h as co n tin u ed . The core of th e  w a te r  m ass is 
defined  h e re  as th e  p a r t o f th e  w a te r  co lum n  
w ith  th e  lo w est s tra tifica tion .

ICES Cooperative Research Report No. 289

Figure 33. Area 5 -  
Rockall Trough. 
Temperature (upperpanel) 
and salinity (lowerpanel) 
fo r  the upper ocean 
(0-800 m).
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Figure 34. Area 5 -  
Rockall Trough. 
Temperature (upperpanel) 
and salinity (lowerpanel) 
o f  Labrador Sea Water 
(depth 1800-2000 m).
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Figure 35. Area 5 -  
Rockall Trough. 
Temperature a t the Malin 
Head coastal station 
(55-39°N 738°W).
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Figure¡6. Area 5 -  
Rockall Trough. Monthly  
temperature (¡eftpanel) 
and salinity (rightpanel) 
at the Mi weather buoy 
west o f  Galway Ireland.
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6.9 Area 5b -  Irminger Sea

T H E  I R M I N G E R  S E A  IS T H E  O C E A N  B A S I N  

B E T W E E N  S O U T H E R N  G R E E N L A N D ,  T H E  

R E Y K J A N E S  R I D G E ,  A N D  I C E L A N D .  T H I S  

A R E A  F O R M S  P A R T  O F  T H E  N O R T H  A T L A N T I C  

S U B A R C T I C  A N T I  C Y C  L O N  IC G Y R E .  B E C A U S E  O F  

T H I S  G Y R E ,  T H E  E X C H A N G E  O F  W A T E R  B E T W E E N  

T H E  I R M I N G E R  S E A  A N D  L A B R A D O R  S E A  

IS R E L A T I V E L Y  F A S T .  I N  T H E  B O T T O M  L A Y E R S  O F  

T H E  I R M I N G E R  S E A  C O L D  W A T E R ,  O R I G I N A T I N G  

I N  T H E  ( S U B ) A R C T I C  S E A S  F L O W S  F R O M  T H E  

D E N M A R K  S T R A I T  S O U T H W A R D S  O V E R  T H E  

C O N T I N E N T A L  S L O P E  O F  G R E E N L A N D .

The S ubpo lar M ode W ate r in  th e  cen tre  o f 
th e  Irm in g er Sea, in  th e  p re ssu re  in te rv a l 
2 0 0 -4 0 0  dbar, reach ed  its h ig h es t 
te m p e ra tu re  a n d  sa lin ity  since 1991 in  2004. 
Since th e n  a  slig h t cooling  a n d  fre sh en in g  
h a s  occurred . A lth o u g h  convection  th a t  
reach ed  d ep th s  o f m ore  th a n  6 0 0  m  in  th e  
fo llow ing  w in te rs  reduced  te m p e ra tu re  
a n d  sa lin ity  s lig h tly  th e  v a lu es o f th e se  
p a ra m e te rs  fo r th e  S ubpo lar M ode W ate r in  
su m m e r 2005 w e re  still co n siderab ly  h ig h e r  
th a n  th o se  observed  befo re 1998. Thus, th e  
t r e n d  of in c rea s in g  te m p e ra tu re  an d  sa lin ity  
th a t  s ta r te d  in  1995/1996 seem s to  have 
co n tin u ed  d u rin g  2006.
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From  1600 to  20 0 0  dbar, a  cold a n d  low - 
sa lin ity  core w as  observed  in  th e  Irm in g er 
Sea d u rin g  th e  early  1990s. This w a s  th e  
resu lt o f th e  p resen ce  of deep  L abrador Sea 
W ate r fo rm ed  in  th e  period  1988-1995. Since 
su m m e r 1996, th is  L abrador Sea W ate r core 
h as b e e n  in c rea s in g  in  te m p e ra tu re  an d  
sa lin ity  as it m ixes w ith  su rro u n d in g  w a te r  
m asses. The sa lin ity  increase  levelled  off in  
2002 a n d  re m a in e d  c o n s ta n t u n ti l  2005; it 
in c reased  a g a in  in  2006  to  th e  h ig h e s t va lue  
o bserved  since 1991.

The sa lin ity  a n d  p o te n tia l te m p e ra tu re  o f th e  
D en m ark  S tra it O verflow  W ate r (DSOW) n e a r  
Cape Farew ell d e m o n s tra te  considerab le  
w e ll-co rre la ted  in te ra n n u a l v a ria tio n s  
b e tw e e n  1991 a n d  2006  (co rre la tion  = 0.7). 
The lo n g -te rm  tre n d s  o f sa lin ity  an d  
te m p e ra tu re  since 1991 a re  h a rd ly  s ign ifican t 
(tem p era tu re ) or n o t s ig n ifican t (salinity).
The lo n g -te rm  s ta n d a rd  dev ia tio n s of 
te m p e ra tu re  a n d  sa lin ity  are  o.i5°C an d  
0.014, respectively. The h ig h e s t DSOW 
te m p e ra tu re  since 1991 w a s  observed  in  
2006  a n d  th e  second  h ig h e s t in  1991.

► U n d ersta n d in g  p a ttern s o fv a r ia b ility
The ocean at any one location varies on many timescales from hours and days, to decades, centuries and millennia. In this 
report, we aim to identify variations on a timescale o f  m onths to decades, so when we interpret time-series that sample the 
ocean only a few times per year, or  even once per year, we need to understand how the shorter timescales or higher frequency 
changes might affect the results. A good example is the apparently erratic behaviour o f  the annual time-series from deep water 
in the Irminger Sea. A new set o f  daily m easurements  with a moored sensor system over three years (2003-2006) reveals that 
the erratic annual time-series is, in fact, a poor representation o f  variability within each year. This is known as “aliasing" and is 
a significant problem in interpreting long-term changes.
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Figure 37.  Area 5b -  
Irminger Sea. Temperature 
(upperpanel) and salinity 
(lower panel) o f  Subpolar 
Mode Water (averaged 
over 200-400 m).
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HI GHEST DENMARK STRAIT OVERFLOW WATER TEMPERATURE WAS OBSERVED IN 2006
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Figure 38. Area 3b -  
Irminger Sea. Temperature 
(upperpanel) and salinity 
(lower panel) o f  Labrador 
Sea Water (averaged over 
1600-2000 m).

tMiKmntvr k.r|4Jlv.Hv!  ̂i-i ¿p
Húi E T S a U T i ,  PC T A  K úpi-n  - n i V . j r  i  I . i v k  iXtr

^A nW i ! ■ ’M-* k r w l

-a i

H-UQ

M i*«

=¡JÍ*

S** -it-
ÎWD

Figure 39. Area 3b - 1-4 1—
Irminger Sea. Temperature
(upperpanel) and salinity 1 1
(lower panel) o f  Denmark
Strait Overflow Water on 1 l r
the East Greenland Slope.

1 1
1 D

a u

DU-

Ú ï

Cu. h.-.-ir fc r,J !4 * U k iid U V ..» iU ln « iJn ;n  SA.1UI. i.i.dfa I.V1» ËnnhK
P r i K t i í U P ’ p» L i m i :  ¿ J »

M «

V-rar

ICES Cooperative Research Report No. 289

6.10 Area 6 -  Faroe Bank
Channel and Faroe Current

O N E  B R A N C H  O F  T H E  N O R T H  A T L A N T I C  C U R R E N T  

C R O S S E S  T H E  C  RE E N  L A N  D - S C O T L A N  D  R I D G E  

O N  B O T H  S I D E S  O F  T H E  F A R O E S  ( T O  T H E  S O U T H  

T H R O U G H  T H E  F A R O E  B A N K  C H A N N E L ,  T O  T H E  

N O R T H  I N  T H E  F A R O E  C U R R E N T ) .

Since 1988, te m p e ra tu re  a n d  sa lin ity  o f th e  
u p p e r  w a te rs  have  b een  s tead ily  increasing . 
V alues w e re  s ligh tly  d o w n  from  2004, b u t 
re m a in e d  h ig h e r  th a n  th e  average  va lue  for 
th e  tim e-series .

Figure 40. Area 6 -Faroe 
Bank Channel. Temperature 
(upperpanel) and salinity 
(lowerpanel) fro m  the layer 
100-300 m  deep a t two 
standard stations 
in the channel.
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Figure41. Area 6 -Faroe 
Bank Channel. Temperature 
(upper panel) and salinity 
(lowerpanel) in the core o f  
the Faroe Current (maxi­
m um  salinity averaged over 
a layer so  m  in depth.

Figure 42: Area 6 -  
Faroe Bank Channel. 
Monthly temperature data 
from  the Faroe coastal 
stations Mykines (igi4~ig6g, 
6g.io°N7.66°W) and 
Oyrargjogv (iggi onwards, 
62.12 °N 7.17° W).
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6.11 Area 7 -  Faroe Shetland 
Channel

T H E  C O N T I N E N T A L  S L O P E  C U R R E N T  F L O W S  

A L O N G  T H E  E D G E  O F  T H E  N O R T H W E S T  

E U R O P E A N  S H E L F ,  O R I G I N A T I N G  I N  T H E  

S O U T H E R N  R O C K A L L  T R O U G H .  IT C A R R I  ES  W A R M ,  

S ALI  N E  A T L A N T I C  W A T E R  I N T O  T H  E F A R O E  

S H E T L A N D  C H A N N E L .  A P R O P O R T I O N  O F  T H I S  

A T L A N T I C  W A T E R  C R O S S E S  O N T O  T H E  S H E L F  

I T S E L F  A N D  E N T E R S  T H E  N O R T H  S E A ,  W H E R E  IT IS  

D I L U T E D  W I T H  C O A S T A L  W A T E R  A N D  E V E N T U A L L Y  

L E A V E S  T H A T  A R E A  I N T H E  N O R W E G I A N  C O A S T A L  

C U R R E N T .  T H E  R E M A I N D E R  E N T E R S  T H E  

N O R W E G I A N  S E A  T O  B E C O M E  T H  E N O R W E G I A N  

A T L A N T I C  C U R R E N T .  C O O L E R ,  L E S S  S A L I N E  

A T L A N T I C  W A T E R  A L S O  E N T E R S  T H E  F A R O E  

S H E T L A N D  C H A N N E L  F R O M  T H E  N O R T H ,  A F T E R  

C I R C U L A T I N G  A R O U N D  T H E  F A R O E  I S L A N D S .  T H I S  

S E C O N D  B R A N C H  O F  A T L A N T I C  W A T E R  J O I N S  T H E  

W A T E R S  O R I G I N A T I N G  I N  T H E  S L O P E  C U R R E N T  

A N D  A L S O  E N T E R S  T H E  N O R W E G I A N  S E A .

The su rface  w a te rs  o f  th e  Faroe S h e tlan d  
C hannel h ave  g en era lly  in c reased  in  
te m p e ra tu re  a n d  sa lin ity  over th e  p a s t tw o  
decades, w ith  record  h ig h  te m p e ra tu re s  
o bserved  in  2003. B oth te m p e ra tu re  an d  
sa lin ity  hav e  dec lin ed  s lig h tly  since  2003. 
A lth o u g h  sa lin ity  v a lu es  w e re  h ig h  in  2003, 
th e y  have  b e e n  a t th is  level in  th e  p ast.

In  th e  d eep e r layers, th e  p ro p e rtie s  a t  8 0 0  m  
are  th e  sam e  as th o s e  o f  N o rw eg ian  Sea 
D eep W ate r as it p asses  th ro u g h  th e  ch an n e l 
back  in to  th e  N o rth  A tlan tic . The sa lin ity  a t 
8 0 0  m  h a s  re m a in e d  re la tive ly  s tab le  since 
th e  early  1990s, a f te r  a  perio d  o f decline. The 
te m p e ra tu re  h a s  in c reased  s lig h tly  since 
2000 , b u t is still lo w er th a n  te m p e ra tu re s  
o bserved  d u rin g  th e  1960s.

TEMPERATURE A N D  SALINITY HAVE 

DECLINED SLIGHTLY SINCE 2O O 3

► Since 1970, the sampling frequency in the Faroe Shetland Channel has increased and, over that period, a decadal scale cycle of 
tem perature  and salinity has emerged in the properties o f  the Atlantic Water, thought to be related to wider scale changes in 
a tmospheric  and oceanic circulation. This pattern is not so clear in the Modified North Atlantic Water, which travels into the 
Faroe Shetland Channel from around the north o f  Faroe.
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Figure 43. Area 7 -  
Faroe Shetland Channel 
Temperature anomaly 
(upperpanel) and salinity 
anomaly (lowerpanel) in 
the Atlantic Water in the 
Slope Current
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Figure 44. Area 7 -  
Faroe Shetland Channel. 
Temperature anomaly 
(upperpanel) and salinity 
anomaly (lowerpanel) 
in the Modified Atlantic 
Water entering the Faroe 
Shetland Channel from  
the north after circulating 
around Faroe.
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Figure 45. Area 7 -  
Faroe Shetland Channel. 
Temperature (upperpanel) 
and salinity (lowerpanel) 
a t 800 m  in the Faroe 
Shetland Channel.

6.12 Areas 8 and 9 -  northern 
and southern North Sea

N O R T H  S E A  O C E A N O G R A P H I C  C O N D I T I O N S  

A R E  D E T E R M I N E D  B Y T H E  I N F L O W  O F  S A L I N E  

A T L A N T I C  W A T E R  A N D  T H E  O C E A N  —A T M O S P H E R E  

H E A T  E X C H A N G E .  T H E  I N F L O W  T H R O U G H  T H E  

N O R T H E R N  E N T R A N C E S  ( A N D ,  T O  A  L E S S E R  

D E G R E E ,  T H R O U G H  T H E  E N G L I S H  C H A N N E L )

C A N  BE S T R O N G L Y  I N F L U E N C E D  BY T H E  N A O .  

N U M E R I C A L  M O D E L  S I M U L A T I O N S  A L S O  

D E M O N S T R A T E  S T R O N G  D I F F E R E N C E S  I N  T H E  

N O R T H  S E A  C I R C U L A T I O N ,  D E P E N D I N G  O N  T H E  

S T A T E  O F  T H E  N A O .  T H E  A T L A N T I C  W A T E R  M I X E S  

W I T H  T H E  R I V E R  R U N - O F F  A N D  L O W E R  S A L I N I T Y  

B A L T I C  O U T F L O W  A L O N G  T H E  N O R W E G I A N  

C O A S T .  A  B A L A N C E  O F  T I D A L  M I X I N G  A N D  L O C A L  

H E A T I N G  F O R C E S  T H E  D E V E L O P M E N T  O F  A  

S E A S O N A L  S T R A T I F I C A T I O N  F R O M  A P R I L / M A Y  T O  

S E P T E M B E R  I N  M O S T  P A R T S  O F  T H E  N O R T H  S E A .

A rea-averaged  sea  su rface  te m p e ra tu re s  o f 
th e  N orth  Sea have b een  increasing  since June 
2001. The vegeta tion  period (prim ary production) 
w as  m u ch  lo n g e r th a n  u su a l in  2006.

4 2 /4 3

D uring  th e  first tw o  m o n th s  o f 2006, th e  
m e a n  sea  su rface  te m p e ra tu re s  in  th e  
N orth  Sea clearly  exceeded  th e  lo n g -te rm  
m e a n  (0 .7 -0 .8°C), becau se  of th e  w a rm  
te m p e ra tu re s  in  a u tu m n  2005. B etw een  
M arch  a n d  June  th e  v a lu es w e re  co m parab le  
w ith  th e  clim ato log ica l m e a n s  (1971-1993).
From  July onw ards, th e  sea  surface  
te m p e ra tu re s  exceeded  th e  clim ato log ical 
m e a n  s ig n ifican tly  w ith  O ctober an d  
D ecem ber (2.4 a n d  i.7°C above th e  lo n g ­
te rm  m ean ) b e in g  th e  w a rm e s t since th e  
b e g in n in g  of th e s e  o b serv a tio n s in  1971.
The A u g u st su rface  te m p e ra tu re s  a long  
th e  e a s te rn  coast o f th e  N orth  Sea w ere  
ap p ro x im a te ly  3°C h ig h e r  th a n  in  2005, an d  
a lo n g  th e  o p en  n o r th e rn  b o u n d a ry  a long  
6o°N th e y  w e re  ap p ro x im a te ly  i°C h ig h e r  
th a n  in  2005.

The H elgo land  Roads s ta n d a rd  s ta tio n  
d e m o n s tra te s  th a t , s ince th e  cold w in te r  
o f 1996, sea  su rface  te m p e ra tu re  h a s  b een  
above th e  30 -year m e a n  (1971-2000), w ith  
positive an o m a lie s  o f o.5-i.o°C . In  2006,
M arch  a n d  A pril revea led  neg a tiv e  an o m a lie s
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up  to  —i°C, b u t positive an o m a lie s  exceeded  
i°C c o n tin u o u sly  from  June to  D ecem ber, 
w ith  m a x im u m  an o m a lie s  o f 2r¡°C in  O ctober 
a n d  2.3°C in  D ecem ber.

THE VEGETATION PERIOD (PRIMARY 

PRODUCTI ON)  WAS MUCH LONGER  

THAN USUAL

The sea  su rface  sa lin ity  p a tte rn  in  2006 
w as  com p arab le  w ith  th a t  in  2005, b u t th e  
35-isohaline p e n e tra te d  fa r th e r  so u th  in to  
th e  cen tra l N orth  Sea, covering  a la rg e r area. 
The 34-isohaline, w h ic h  m arks th e  b o u n d a ry  
b e tw e e n  th e  sa lin e  N orth  Sea w a te r  an d  th e  
less sa line  w a te r  m odified  b y  th e  Baltic an d  
river outflow s, w as  closer to  th e  coast th a n  it 
w as  in  2005. N ear th e  b o tto m , th e  so u th e rn  
N orth  Sea w as  fre sh e r th a n  in  th e  p reced ing  
year; th e  to ta l N orth  Sea salt co n ten t 
dec reased  from  1.153 ~1012 to n n e s  in  A ugust 
2005 to  1.138 - i o 12 to n n e s  in  A u g u st 2006.
In 2005 a n d  2006, ru n -o ff  from  th e  rivers 
Elbe a n d  W eser w e re  close to  th e  lo n g -te rm  
m e a n  a f te r  a  m in im u m  ru n -o ff in  2004.
There w a s  a n  e x trem e  Elbe ru n -o ff in  April 
2006, how ever, cau sed  by  e x trao rd in a ry  
sn ow fa ll in  th e  w in te r  o f 2 0 05 /2006 .

T em p era tu re  a n d  sa lin ity  a t tw o  p o sitions in 
th e  n o r th e rn  N orth  Sea illu s tra te  cond itions 
in  th e  A tlan tic  in flow  (Figure 47). The first 
(Location A) is a t th e  n e a r  b o tto m  in  th e  
n o r th w e s te rn  p a r t o f th e  N orth  Sea, an d  
th e  second  (Location B) is in  th e  core of th e  
A tlan tic  W ate r a t th e  w e s te rn  sh e lf  edge  of 
th e  N o rw eg ian  Trench. The m e a su re m e n ts  
w e re  carried  o u t d u rin g  su m m e r an d  
re p re se n t th e  p rev ious w in te r ’s cond itions. 
The average  te m p e ra tu re  a t Location A w as 
1—2°C low er th a n  th a t  a t L ocation B, an d  
th e  sa lin ity  w as  also s ligh tly  low er. In b o th  
p laces, th e re  w e re  h ig h  te m p e ra tu re s  an d  
sa lin itie s  in  2005. This w as  th e  re su lt o f th e  
h ig h  sa lin ity  o f th e  in flow ing  A tlan tic  W ate r 
a n d  th e  effect o f a m ild  w in te r  (th o u g h  th e  
re la tive ly  cold w in te r  a n d  sp rin g  of 2005 led 
to  less e x trem e  te m p e ra tu re s  in  th e  deep  
layers th a n  in  2004).

^  In the Skagerrak, in addition to overall increased temperature,  the length o f  the warm season has increased significantly 
over the last few years (conditions in the Skagerrak are thought to be representative o f  conditions throughout the North 
Sea). This is unlike most  o f  the past  45 years, though similar conditions were observed around 1990. The result is that  cold 
water, previously observed during large parts o f  the year, has now been absent for several years. Together with the high 
temperatures ,  this will have significant effects on ecosystem dynamics in the North Sea and the Skagerrak.

Figure 46. Area 8 -  
Northern North Sea. 
Modelled annual mean 
(bold) and monthly mean 
volume transport o f  
Atlantic Water into the 
northern and central North 
Sea, southwards between 
the Orkney Islands and 
Utsira, Norway
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Figure 47. Area 8 -  
Northern North Sea. 
Temperature (upperpanel) 
and salinity (lowerpanel) 
near the seabed in the 
northwestern part o f  the 
North Sea (Location A) and 
in the core o f  Atlantic Water 
a t the western shelf edge 
o f  the Norwegian Trench 
(Location B) during the 
summers o f  1975-2006.
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Figure 48. Area 8 -  
Northern North Sea. 
Temperature anomaly 
(upperpanel) and salinity 
anomaly (lowerpanel) 
in the Fair Isle Current 
entering the North Sea 
fro m  the North Atlantic.
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Figure 4g. Area 9  -  
Southern North Sea.
Annual mean surface 
temperature (upperpanel) 
and salinity (lowerpanel) 
a t Station Helgoland Roads.
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Figure 50. Area 9  -  
Southern North Sea. 
Normalized sea surface 
temperature anomaly 
(upperpanel) and salinity 
anomaly (lowerpanel) 
relative to the period 
ig ji-2 0 0 0  measured along 
S2°N, a regular ferry at 
six standard stations.
The time-series reveals the 
seasonal section average 
(DJF, MAM, JJA, SON) o f  
the normalized variable.
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Figure51. Areas 8 and  9 
-N orthern and southern 
North Sea. North Sea 
area-averaged sea surface 
temperature annual cycle; 
monthly means based 
on operational weekly 
North Sea sea surface 
temperature maps.
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6.13 Area 9b -  Skagerrak, 
Kattegat, and the Baltic

T H E  S E A S  A R O U N D  S W E D E N  A R E  C H A R A C T E R I Z E D  

BY L A R G E  S A L I N I T Y  V A R I A T I O N S .  I N  T H E  

S K A G E R R A K ,  W A T E R  M A S S E S  F R O M  D I F F E R E N T  

P A R T S  O F  T H E  N O R T H  S E A  A R E  P R E S E N T .  T H E  

K A T T E G A T  IS A  T R A N S I T I O N  A R E A  B E T W E E N  

T H E  B A L T I C  A N D  T H E  S K A G E R R A K .  T H E  W A T E R  

IS S T R O N G L Y  S T R A T I F I E D  W I T H  A  P E R M A N E N T  

H A L O C L I  N  E ( S H A R P  C H A N G E  I N  S A L I N I T Y  AT  

D E P T H ) .  T H E  D E E P  W A T E R  I N  T H E  B A L T I C  P R O P E R ,  

W H I C H  E N T E R S  T H R O U G H  T H E  B E L T S  A N D  T H E  

S O U N D ,  C A N  BE S T A G N A N T  F O R  L O N G  P E R I O D S  

I N  T H E  I N N E R  B A S I N S .  I N  T H E  R E L A T I V E L Y  

S H A L L O W  A R E A  S O U T H  O F  S W E D E N ,  S M A L L E R  

I N F L O W S  P A S S  R E L A T I V E L Y  Q U I C K L Y ,  A N D  T H E  

C O N D I T I O N S  I N  T H E  D E E P  W A T E R  A R E  V E R Y  

V A R I A B L E .  T H E  S U R F A C E  S A L I N I T Y  IS V E R Y  L O W  

I N  T H E  B A L T I C  P R O P E R A N D T H E  G U L F  O F  

B O T H N I A .  T H E  L A T T E R  A R E A  IS I C E - C O V E R E D  

D U R I N G  W I N T E R .

The m e a n  a tm o sp h e ric  te m p e ra tu re  w as  
h ig h e r  th a n  n o rm a l fo r th e  y e a r 2006, caused  
b y  a n  u n u su a lly  w a rm  second  h a lf  of th e  
year. The w in te r  w as  cold a n d  p ro longed  in 
th e  sou th , b u t m ild e r in  th e  n o rth . M arch  
w as  co lder th a n  n o rm a l in  genera l. The 
su m m e r a n d  a u tu m n  w e re  w arm , w ith  
m a n y  te m p e ra tu re  records se t in  S ep tem ber. 
A sh o rt period  o f cold w e a th e r  a t th e  en d  o f 
O ctober a n d  b e g in n in g  of N ovem ber w as

fo llow ed  by  a  m u ch  w a rm e r- th a n -n o rm a l 
D ecem ber. The p rec ip ita tio n  over S w eden  
w a s  above m e a n  d u rin g  a u tu m n , especia lly  
on  th e  w e s t coast, w h e re  th e re  w a s  som e 
flooding.

Sea su rface  te m p e ra tu re s  w e re  close to  
n o rm a l a t th e  b e g in n in g  o f th e  y e a r b u t 
th e  cold period  in  M arch  in  th e  so u th e rn  
p a rts  o f th e  a rea  low ered  th e  te m p e ra tu re s  
b e lo w  n o rm al in  Skagerrak, K attegat, a n d  th e  
so u th e rn  Baltic Sea. S u m m er te m p e ra tu re s  
w e re  above n o rm a l in  th e  w h o le  region.
The b e g in n in g  of a u tu m n  w as  close to  
no rm al, w h ile  in  O ctober th e  sea  su rface  
te m p e ra tu re s  w e re  h ig h e r  th a n  norm al, 
especia lly  in  th e  Baltic Sea.

In th e  A rch ipelago  Sea a n d  th e  N o rth e rn  
O uark, th e  v a lu es reach ed  record  h ig h s  for 
th e  p a s t 30 years . A fter a  n o rm a l N ovem ber, 
D ecem ber w a s  a g a in  above m ean , b u t 
m a in ly  so in  Skagerrak  a n d  K attegat.

The s lig h t in c rease  in  th e  y early  m e a n  
su rface  sa lin ity  a t S ta tio n  BY15 cam e to  an  
end, an d  th e  five-year ru n n in g  m e a n  h as 
levelled  o u t (Figure 52).

There w e re  several inflow s to  th e  Baltic 
d u rin g  a u tu m n  2006. The first one, la s tin g  
from  20 O ctober to  15 N ovem ber, tra n sp o r te d  
ab o u t 40  k m 3 o f w a te r  th ro u g h  th e  Q resund . 
D uring  th e  first h a lf  o f D ecem ber, a n o th e r
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30 k m 3 e n te re d  th e  Baltic th is  w ay. There w a s  
no  ren ew a l o f  th e  b o tto m  w a te r, how ever. 
The rea so n  fo r th is  is th a t  th e  K atteg a t w a te r  
w a s  u n u su a lly  w a rm  and , consequen tly , th e  
in flo w in g  w a te r  w a s  n o t d en se  en o u g h  to  
reach  th e  d eep e r p a r ts  o f  th e  Baltic. Later 
ex p ed itio n s  rev ea led  a  s lig h t in c rease  in  th e  
oxygen  v a lu es  a t  in te rm e d ia te  levels in  th e  
Baltic proper.

The freeze-up  w a s  q u ite  la te  d u rin g  th e  
w in te r  2 0 05 /2006 , b u t th e  ice e x te n t w a s  
m u ch  la rg e r th a n  th e  p rev ious y e a r  a n d  th e  
ice w in te r  w a s  classified  as n o rm a l/sev e re . 
T he m a x im u m  ice e x te n t w a s  reach ed  on  15 
M arch. In F igure 57, th e  ice e x te n t since  1961 
is sh o w n .
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Figure53. Area gb -  
Skagerrak, Kattegat, and 
the Baltic. M onthly surface 
temperature (leftpanel) 
and salinity (rightpanel) 
a t Station BY15 (east o f  
Gotland) in the Baltic proper.
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F ig u re  52. Area gb  -  
Skagerrak, Kattegat, and 
the Baltic. The surface 
temperature (upperpanel) 
and surface salinity (lower 
panel) a t Station BY15 
(east o f  Gotland) in the 
Baltic proper.
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F ig u re  54. Area gb -  
Skagerrak, Kattegat, and

,îi - ,  ï  ■ the Baltic. Salinity a t Station
 ̂ I ( - LLj  in the Gulf ofFinland.
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Figure57. Area gb -  
Skagerrak, Kattegat, and 
the Baltic. The ice extent 
in the Baltic starting from  
ig6i. The last value is from  
21 March 2007.
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6.14 Area 10 -  Norwegian Sea

T H E  N O R W E G I A N  S E A  IS C H A R A C T E R I Z E D  BY 

W A R M  A T L A N T I C  W A T E R  O N  T H E  E A S T E R N  S I D E  

A N D  C O L D  A R C T I C  W A T E R  O N  T H E  W E S T E R N  

S I D E ,  S E P A R A T E D  BY T H E  A R C T I C  F R O N T .  

A T L A N T I C  W A T E R  E N T E R S  T H E  N O R W E G I A N  S E A  

T H R O U G H  T H E  F A R O E  S H E T L A N D  C H A N N E L  

A N D  B E T W E E N  T H E  F A R O E S  A N D  I C E L A N D  

V I A  T H E  F A R O E  F R O N T .  A  S M A L L E R  B R A N C H ,  

T H E  N O R T H  I C E L A N D I C  I R M I N G E R  C U R R E N T ,  

E N T E R S  T H E  N O R D I C  S E A S  O N  T H E  W E S T E R N  

S I D E  O F  I C E L A N D .  T H E  A T L A N T I C  W A T E R  F L O W S  

N O R T H W A R D S  A S  T H E  N O R W E G I A N  A T L A N T I C  

C U R R E N T ,  W H I C H  S P L I T S  W H E N  IT R E A C H E S  

N O R T H E R N  N O R W A Y ;  S O M E  E N T E R S  T H E  

B A R E N T S  S E A ,  W H I L E  T H E  R E S T  C O N T I N U E S  

N O R T H W A R D S  I N T O  T H E  A R C T I C  O C E A N  A S  

T H E  W E S T  S P I T S B E R G E N  C U R R E N T .

th e  lo n g -te rm  m e a n  fo r th e  tim e -se rie s  in  
th e  Svin0y, Gims0y, a n d  S0rkapp Sections, 
respectively. The h ig h  sa lin ity  va lues reflect 
sa ltie r  A tlan tic  W ate r in  th e  Faroe S h e tlan d  
C hannel.

O cean  W ea th e r S ta tion  “M ike” loca ted  a t 
66°N  2°E revealed  th e  2005 te m p e ra tu re  an d  
sa lin ity  a t 50 m  to  be above th e  lo n g -te rm  
m ean , a lth o u g h  th e re  w as  a slig h t d ecrease  
in  b o th  from  2004  values.

Three sec tions from  so u th  to  n o r th  in 
th e  e a s te rn  N o rw eg ian  Sea sh o w  th e  
d ev e lo p m en t o f te m p e ra tu re  a n d  sa lin ity  
in  th e  core o f th e  A tlan tic  W ate r (Svinpy, 
Gimspy, a n d  Sprkapp). In general, th e re  has 
b een  a n  increase  in  te m p e ra tu re  a n d  sa lin ity  
in  all th re e  sec tions from  th e  m id-1990s to  
th e  p resen t. In 2 0 0 2 -2 0 0 4  a n ¿  2006, th e  
te m p e ra tu re s  in  th e  Svinpy Section  w ere  
h ig h e s t in  th e  tim e-series .

The te m p e ra tu re  in c rease  can  also be 
observed  in  th e  o th e r  tw o  sections. In  2006, 
th e  te m p e ra tu re  a n d  sa lin ities  w e re  o.8°C, 
i.o°C, a n d  i.i°C an d  0.08, 0 .09, an d  0 .09  above

HI GH SALINITY VALUES REFLECT 

SALTIER ATLANTIC WATER
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Figure 58. Area 10 -  
Norwegian Sea. Average 
temperature (upperpanel) 
and salinity (lowerpanel) 
above the slope a t three 
sections, Svin0y  (63 °N), 
Gims0y  (6g°N), and 
S0rkapp (7Ó0N).
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Figure 5g. Area io  -  
Norwegian Sea. 
Temperature anomaly 
(upperpanel) and salinity 
anomaly (lowerpanel) 
a t5 0  m  at Ocean Weather 
Station “Mike"(66°N2°E).
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Figure 60. Area io  -  
Norwegian Sea. M onthly 
temperature (left panel) 
and salinity (rightpanel) 
a t so  m  at Ocean Weather 
Station “Mike"(66°N2°E).
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6.15 Area 11 -  Barents Sea

T H E  B A R E N T S  S E A  IS A  S H E L F  S E A ,  R E C E I V I N G  

A N  I N F L O W  O F  W A R M  A T L A N T I C  W A T E R  F R O M  

T H E  W E S T .  T H E  I N F L O W  D E M O N S T R A T E S  

C O N S I D E R A B L E  S E A S O N A L  A N D  I N T E R A N N U A L  

F L U C T U A T I O N S  I N  V O L U M E  A N D  W A T E R  M A S S  

P R O P E R T I E S ,  P A R T I C U L A R L Y  I N  H E A T  C O N T E N T  

A N D ,  C O N S E Q U E N T L Y ,  ICE C O V E R A G E .

A fter a period  w ith  h ig h  te m p e ra tu re s  in 
th e  first h a lf  o f th e  1990s, te m p e ra tu re s  in  
th e  B aren ts Sea d ro p p ed  to  v a lu es sligh tly  
be low  th e  lo n g -te rm  average  over th e  
w h o le  a re a  in  1996 a n d  1997. From  M arch 
1998, th e  te m p e ra tu re  in  th e  w e s te rn  a rea  
in c reased  to  ju s t above th e  average, w h ile  
th e  te m p e ra tu re  in  th e  e a s te rn  a reas  stay ed  
be low  th e  average  d u rin g  1998. From 
th e  b e g in n in g  of 1999, th e re  w a s  a  rap id  
te m p e ra tu re  in c rease  in  th e  w e s te rn  B aren ts 
Sea th a t  also sp read  to  th e  e a s te rn  p a r t o f th e  
B aren ts Sea. Since th e n , th e  te m p e ra tu re  h as  
stay ed  above average.

In th e  so u th e rn  B aren ts Sea, th e  w a te r  
te m p e ra tu re  an o m a lie s  in  2006  w ere  
ab o u t i°C above th e  lo n g -te rm  m ean s . In 
th e  coasta l w a te rs , th e  positive an o m alie s  
g radua lly  dec reased  fro m  i.5°C a t th e

b e g in n in g  o f th e  y e a r to  o.7°C a t th e  en d  of 
th e  year. The te m p e ra tu re  o f th e  A tlan tic  
W ate r w as  o .8 - i .7°C h ig h e r  th a n  th e  n o rm al 
th ro u g h o u t th e  year, d e p e n d in g  o n  tim e  
a n d  place. In th e  B aren ts Sea, 2006  w as  th e  
w a rm e s t y e a r ever observed . The to ta l ice 
e x te n t o f th e  sea  w as  m u ch  low er th a n  th e  
lo n g -te rm  average  th ro u g h o u t th e  year, 
a n d  d u rin g  w in te r , sea  ice w as  n o t observed  
so u th  o f 76°N.

C u rren t m e a s u re m e n ts  revea led  a s tro n g  
in flow  o f A tlan tic  W ate r in  Ja n u a ry  an d  
F eb ruary  2005, an d  a f te r  a  sh o r t period  w ith  
low  inflow , th e  in flow  d u rin g  su m m e r an d  
early  a u tu m n  2005 w a s  above average.

2 0 0 6  IS THE WARMEST YEAR EVER 

OBSERVED

The w a te r  te m p e ra tu re  in  th e  B aren ts Sea in  
2007 is ex p ec ted  to  be  h ig h e r  th a n  th e  lo n g ­
te rm  m ean , b u t p ro b ab ly  low er th a n  th a t  in  
2006.
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Figure 61. Area 11 -  
Barents Sea. Temperature 
anomaly (upperpanel) and 
salinity anomaly (lower 
panel) in the Fugl0ya-Bear 
Island Section.
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Figure 62. Area 11 -  
Barents Sea. Temperature 
(upperpanel) and salinity 
(lowerpanel) in the Kola 
Section (0-200 m).
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6.16 Area 12 -  Greenland Sea and 
Fram Strait

F R A M  S T R A I T  IS T H E  N O R T H E R N  B O R D E R  O F  

T H E  N O R D I C  S E A S .  IT IS T H E  D E E P E S T  P A S S A G E  

C O N N E C T I N G  T H E  A R C T I C  T O  T H E  R E S T  O F  

T H E  W O R L D  O C E A N ,  A N D  O N E  O F  T H E  M A I N  

R O U T E S  W H E R E B Y  A T L A N T I C  W A T E R  E N T E R S  T H E  

A R C T I C  ( T H E  O T H E R  IS T H E  B A R E N T S  S E A ) .  T H E  

A T L A N T I C  W A T E R  IS C A R R I E D  N O R T H W A R D S  BY  

T H E  W E S T  S P I T S B E R G E N  C U R R E N T ,  A N D  V O L U M E  

A N D  H E A T  F L U X E S  D E M O N S T R A T E  S T R O N G  

S E A S O N A L  A N D  I N T E R A N N U A L  V A R I A T I O N S .  A  

S I G N I F I C A N T  P A R T  O F  T H E  A T L A N T I C  W A T E R  

A L S O  R E C I R C U L A T E S  W I T H I N  T H E  F R A M  S T R A I T  

A N D  R E T U R N S  S O U T H W A R D S  ( R E T U R N  A T L A N T I C  

W A T E R ) .  P O L A R  W A T E R  F R O M  T H E  A R C T I C  O C E A N  

F L O W S  S O U T H W A R D S  I N  T H E  E A S T  G R E E N L A N D  

C U R R E N T  A N D  A F F E C T S  W A T E R  M A S S E S  I N  T H E  

N O R D I C  S E A S .

In 2006, a v e ry  s tro n g  in c rease  in  
te m p e ra tu re , an d  especia lly  in  s a lin ity  
w as  observed  in  th e  R etu rn  A tlan tic  W ater. 
A lth o u g h  m e a n  p ro p ertie s  o f th e  A tlan tic  
W ate r a t th e  e a s te rn  b o u n d a ry  re m a in e d  
s im ila r to  th o se  observed  in  2005, th e y  
w e re  still m u ch  h ig h e r  th a n  th e i r  lo n g ­
te rm  averages. A t th e  w e s te rn  b o u n d a ry  
in  2006, th e  sa lin ity  o f th e  R etu rn  A tlan tic  
W ate r reach ed  its m a x im u m  va lu e  since th e  
b e g in n in g  o f o b serv a tio n s (Snw = 35.106) 
a n d  te m p e ra tu re  w a s  th e  second  h ig h es t. 
A fter a  few  years  o f co lder a n d  less sa line  
cond itions, th e  te m p e ra tu re  a n d  sa lin ity  of 
R etu rn  A tlan tic  W ate r in  th e  la s t th re e  years 
h ave  re tu rn e d  to  th e  h ig h  v a lu es of th e  m id- 
1990s, re su ltin g  in  positive a n o m a lie s  from  
th e  lo n g -te rm  m ean .

In th e  F ram  S tra it a t 78°5o’N, th re e  
ch a rac te ris tic  a reas  can  be d is tin g u ish ed  
in  re la tio n  to  th e  m a in  flows: th e  W est 
S p itsb erg en  C urren t b e tw e e n  th e  sh e lf  edge 
a n d  5°E, th e  R etu rn  A tlan tic  C u rren t b e tw e e n  
3°W an d  5°E, a n d  Polar W ate r in  th e  East 
G reen lan d  C urren t b e tw e e n  3°W an d  th e  
G reen lan d  Shelf. In 2006, th e  te m p e ra tu re s  
a n d  sa lin itie s  recorded  in  th e  W est 
S p itsb erg en  C urren t w e re  h ig h e r  th a n  th o se  
in  2005, reach in g  th e i r  m a x im a  fo r th e  w ho le  
tim e-se rie s  (T = 4 .7 s°C an d S  =35.10).v max “  ' J max ->J '
M ean  p ro p e rtie s  in  th e  East G reen land

C u rren t re m a in e d  s im ila r to  th o se  recorded  
in  2005, still s ig n ifican tly  exceed ing  th e  
lo n g -te rm  average. A sm all decrease  in  th e  
m e a n  te m p e ra tu re  a n d  sa lin ity  in  th e  R etu rn  
A tlan tic  C u rren t (rec ircu la tion  dom ain) 
re su lted  from  th e  p o sitio n  o f th e  ice edge, 
w h e n  a  t r a n s ie n t sea-ice to n g u e  developed  
to w a rd s  th e  m idd le  p a r t o f th e  F ram  S trait 
d u rin g  th e  m e a s u re m e n t cruise.

The in c rease  o f te m p e ra tu re  an d  s a lin ity  
w h ic h  h a s  b een  observed  in  th e  R etu rn  
A tlan tic  C u rren t an d  East G reen lan d  C urren t 
since 2003, is re la ted  to  th e  w e s tw a rd  sh ift 
o f th e  b o u n d a ry  b e tw e e n  th e  rec ircu la tin g  
A tlan tic  W ate r a n d  Polar W aters. In  2006, 
a lth o u g h  ice co n d itio n s p rev en ted  sam p lin g  
o f th e  w e s tw a rd  lim it o f th e  rec ircu la tin g  
A tlan tic  W ater, th e  observed  A tlan tic  W ate r 
layer th ick n ess  a t th e  w e s te rn  e n d  o f th e  
sec tio n  su g g es ted  th a t  it co n tin u ed  even  
fa r th e r  w est. M ean  te m p e ra tu re  a n d  sa lin ity  
v a lu es in  th e  5 0 -5 0 0  m  layer in  th re e  
d o m a in s  w e re  all h ig h e r  th a n  th e  long  period  
average  a n d  h ave  c o n tin u ed  to  in c rease  since 
2003. The n o rth w a rd  flow, a n d  co n seq u en tly  
th e  vo lum e tra n sp o rt, ob served  in  w in te r  
2 0 0 5 /2 0 0 6  in  th e  W est S p itsb erg en  C urren t 
from  m o o rin g  data , w as  s ig n ifican tly  low er 
th a n  th a t  th e  w in te r  before, bu t, b a lan c ed  
b y  w a rm e r  te m p e ra tu re s , th e  h e a t flux  in  
2 0 0 5 /2 0 0 6  re m a in e d  h ig h  a n d  sim ila r to  
th a t  observed  in  2004 /2005 .

HEAT FLUX IN 2 O O 5 /2 O O 6  

REMAI NED HI GH

The hyd ro g rap h ic  p ro p e rtie s  o f th e  A tlan tic  
W ate r (defined as w a te r  m ass w ith  T >2°C 
a n d  S >34.92) reveal a  c lea r tr e n d  over th e  
p a s t seven  years, w ith  m e a n  te m p e ra tu re  
a n d  sa lin ity  va lues in c rea s in g  since 1997. The 
a re a  o f th e  cross sec tio n  occupied  by  A tlan tic  
W ate r (a p roxy  fo r th e  a m o u n t o f A tlan tic  
W ate r in  th e  Fram  Strait), w h ic h  v aried  
s tro n g ly  in  th e  early  y ea rs  o f m easu rem en ts , 
h a s  ex p an d ed  s tead ily  since 2002. The 
p ro p o rtio n  of w a rm  A tlan tic  W ate r T >2°C) 
in  th e  to ta l  A tlan tic  W ate r (T >0°C) a t th e  
sec tio n  h a s  b een  also c o n tin u o u sly  g ro w in g  
since 2002.
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Figure 63. Area 12 -  
Greenland Sea and Fram 
Strait. Temperature (upper 
panel) and salinity (lower 
panel) a t 200 m  in the 
Spitsbergen Section 
(j 6°3o 'N).
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Figure 64. Area 12 -  
Greenland Sea and Fram 
Strait. Temperature (upper 
panel) and salinity (lower 
panel) anomalies o f  the 
Atlantic Water (AW) and 
Fetum Atlantic Water 
(RAW) in the Greenland 
Sea Section a t 75 °N. AW  
properties are 30-130 m  
averages a t 10-13 °£ The 
RAW is characterized by 
the temperature and 
salinity m axim um  below 
5 0  m  averaged over three 
stations west ofn.s°W.
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Figure 65. Area 12 -  
Greenland Sea and Fram 
Strait. Temperature (upper 
panel) and salinity (lower 
panel) anomalies in Fram 
Strait (j8°5o'N), in the West 
Spitsbergen Current (WSC) 
between the shelf edge and 
5 % Fetum  Atlantic Current 
(FAC) between 3 °W and 5 °Er 
and Polar Water in the East 
Greenland Current (EGC) 
between 3°W and the 
Greenland Shelf fo r  
the layer 50-500 m.
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6.17 Nordic Seas Deep Waters

The G reen land , Iceland, an d  N o rw eg ian  Sea 
deep  w a te rs  a re  all w a rm in g . The lo n g es t 
tim e-se rie s  (the  N o rw eg ian  Sea) reveals 
w a rm in g  from  th e  m id-1980s. The w a rm in g  
ra tes  a re  o.i2°C p e r decade (G reen land  
Sea), o.o6°C p e r decade (N orw eg ian  Sea), 
o.o6°C p e r decade (Iceland Sea). B ottom - 
w a te r  ren ew a l b y  d eep  convection  u sed  to  
d e te rm in e  th e  deep  h y d ro g rap h ic  co nd itions 
in  th e  G reen lan d  Sea. Since th e  la te  1980s, no 
b o tto m -w a te r  ren ew a l h a s  ta k e n  place. The 
source o f th e  w a rm in g  is th e  A rctic O cean 
D eep O utflow , a so u th -g o in g  c u rre n t fo u n d  
on  th e  w e s t side o f th e  Fram  Strait, c en tred  
a t 2 0 0 0  m  dep th , w h ic h  h as a te m p e ra tu re  
of ap p ro x im a te ly  -o.5°C. The G reen lan d  Sea 
deep  w a te r  is w a rm in g  fa s te s t becau se  it 
is m o s t d irec tly  in  c o n tac t w ith  th is  Arctic 
outflow . The Iceland  an d  N o rw eg ian  Seas,

w h ic h  a re  m ore  d is ta n t from  th e  Arctic 
outflow , a re  w a rm in g  m ore  slow ly because  
th e y  are  p roducts o f m ix in g  b e tw e e n  th e ir  
o w n  a m b ie n t w a te rs  w ith  G reen lan d  Sea 
d eep  w a te r  a n d  A rctic ou tflo w  w ate r.

The cessa tio n  o f d eep  convection  in  th e  
G reen lan d  Sea h a s  led  to  th e  d o m in g  
s tru c tu re  in  th e  G reen lan d  Gyre b e in g  
rep laced  b y  a tw o -lay e red  w a te r  m ass 
a rra n g e m e n t, w ith  a  d e n s ity  in te rface  
th a t  h a s  d escen d ed  m ore  th a n  1000  m  
since th e  b e g in n in g  o f m e a s u re m e n ts  in  
1993. The w in te r  convection  d e p th  varies 
b e tw e e n  700  an d  1600 m, excep t in  sm all- 
scale convective eddies, w h e re  it h a s  b een  
fo u n d  to  be s ig n ifican tly  deeper. In  w in te r  
2 0 05 /2006 , th e  m a x im u m  convection  d ep th  
w a s  e s tim a te d  to  be  1200 m . A t th e  s ta n d a rd  
sec tio n  a t 75°N, th e  d eep  w a te r  p ro p e rtie s  
h ave  ch an g ed  to w ard s  h ig h e r  te m p e ra tu re s
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a n d  sa lin ities, ch an g in g  over 14 years  b y  
o.i7°C an d  0.0115, respectively.

G reen lan d  Sea d eep  w a te r  u sed  to  include 
a  sm all ad m ix tu re  o f su rface  fresh  w a te r  
th ro u g h  th e  convective process, an d  
th e re fo re  h a d  a low er sa lin ity  th a n  th e  A rctic 
ou tflow  w a te rs . The observed  in c rease  in  th e

sa lin ity  o f G reen lan d  Sea deep  w a te r  is likely 
to  be a n  a d ju s tm e n t to  th e  A rctic ou tflo w  in  
th e  co n tin u ed  ab sen ce  of deep  convection .
It is n o t c lea r th a t  th e re  h as b e e n  an y  
co rresp o n d in g  sa lin ity  tr e n d  in  N orw eg ian  
Sea deep  w a te r  in  recen t decades. Iceland  Sea 
d eep  w a te r  sa lin ity  is n o t show n .
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Figure 66. Area 12 -  
Greenland Sea and Fram 
Strait. Winter convection 
depths (upperpanel) and 
temperature (middlepanel) 
and salinity (lowerpanel) 
a t3000 m  in the Greenland 
Sea Section a t 75 °N.
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Figure 67. Area 3 -  
Icelandic Waters. 
Temperature at 1500-1800 m  
in the Iceland Sea 
(68 °N i2°4o'W).

Figure 68. Area 10 -  
Norwegian Sea. 
Temperature (upperpanel) 
and salinity (lowerpanel) 
a t 2000 m  at Ocean 
W eatherstation "Mike" 
(66°N 2°E).
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CONTACT IN FO R M A T IO N

Area Tim e-series Contact In s titu te

1 W est G reenland Nuuk Air Temperature M anfred Stein
(m anfr e d  .ste in @ ish .bfa-fish .de )

D anish M eteorological Institute, Copenhagen, 
and  Se ewe tte  ram t, H am burg

1 W est G reenland Fylla Section and  Cape 
Desolation Section

M anfred Stein
(manfre d  .ste in @ ish .bfa-fish .de )

In stitu t fü r Seefischerei, (Institute for Sea Fisheries) 
Germany

2 N orthw est A tlantic Scotian Shelf Brian Petrie
(Petrie B @ m ar. df o-mpo .g c. ca)

BIO (Bedford Institu te of Oceanography), 
Fisheries and  Oceans Canada

2 N orthw est A tlantic N ew foundland and  
Labrador Shelf

Eugene Colbourne 
(colbour n  @ df0- m p 0. gc .ca)

N orthw est A tlantic Fisheries Centre, 
Canada

2b Labrador Sea AR7W Ross Hendry
(he ndryr @ d f 0- mpo. gc .ca)

BIO (Bedford Institu te of Oceanography), 
Fisheries and  Oceans Canada

2c M id-Atlantic Bight O leander Section (east o f Boston) Tom Ross by (trossby@gso.uri.edu) N ational M arine Fisheries Service (NOAA), USA

2c M id-Atlantic Bight Georges Bank David M ountain
(dm ountain @ w hs u m  .wh .whoi, e du)

Woods Hole O ceanographic Institute, USA

3 Icelandic Waters Air tem peratures and  stations H edinn Valdimarsson 
(hv@hafro.is)

H afrannsoknastofnunin, (Marine Research 
Institute), Iceland

4 Bay of Biscay Santander Station 6 and 
San Sebastian air tem perature

Alicia Lavin 
(alicia.lavin@st.ieo.es)

IEO (Instituto Español de Oceanografía), 
Spanish Institu te of Oceanography

4 Bay of Biscay San Sebastian tem perature Victor Valencia 
(w ale  ncia@pas.azti.es)

AZTI and  A quarium  of San Sebastián (SOG)

5 Rockall Trough M alin H ead W eather Station Glenn Nolan
(Gle n n  .Nolan @ m ar ine . ie )

M arine Institu te/M et Eireann, Ireland

5 Rockall Trough M: M arine W eather Buoy Sheena Fennell 
(Sheena.Fennell@ marine.ie)

M arine Institute, Ireland

5 Rockall Trough Ellett Line N. Penny Holliday 
(nph@ noc.soton.ac.uk)

N ational Oceanography Centre Southam pton 
and  Scottish Association for M arine Science, UK

5b Irm inger Sea All depths H. M. van  Aken 
(aken@nioz.nl)

Royal NIOZ (Nederlands Institu t Voor Onderzoek 
der Zee), N etherlands Institu te  for Sea Research

6 Faroe Bank Channel FBC and  Faroe Current Bogi H ansen 
(bogihan@frs.fo)

Fiskirannsoknarstovan,
(Faroese Fisheries Laboratory), Faroe Islands

6 Faroe Bank Channel Faroe Coastal Oyrargjogv Karin M argretha Larsen 
(KarinL@frs.fo)

Fiskirannsoknarstovan,
(Faroese Fisheries Laboratory), Faroe Islands

7 Faroe Shetland Channel All depths Sarah H ughes (s.hughes@ marlab.ac.uk) FRS (Fisheries Research Services), Aberdeen, UK

8&9 N orth Sea Modelled N orth Sea Inflow M orten Skogen (m orten@ imr.no) IMR (Institute of M arine Research), Norway

8&9 N orth Sea N orth Sea Utsira A and  B Einar Svendsen (einar.svendsen@ imr.no) IMR (Institute of M arine Research), Norway

8&9 N orth Sea Fair Isle Current W ater Sarah H ughes (s.hughes@ marlab.ac.uk) Fisheries Research Services, Aberdeen, UK

8&9 N orth Sea Helogoland Roads Karen Wiltshire
(kwiltshir e @ awi- br e m e r have n . de )

AWI/BAH (Alfred-W egener-Institut/ 
Biologische A nstalt Helgoland), Germany

8&9 N orth Sea Felixstowe to  Rotterdam 
Section

S tephen Dye
(stephen.dye@cefas.co.uk)

CEFAS (Centre for Environm ent Fisheries and  
A quaculture Science), UK

8&9 N orth Sea Sea Surface Temperature Peter Lowe
(pe te  r .loewe @ bs h. de )

Bundesam t fü r Seeschifffahrt und  
Hydrographie (BSH ), Germany

9b Baltic Sea East of Gotland and  sea ice KarinBorenas
(karin.borenas@ smhi.se)

SMHI (Swedish M eteorological and  
Hydrological Institute), Sweden

9b Baltic Sea Stations LL7, BO3 and  SR5 Pekka Alenius (pekka.alenius@fimr.fi) FIMR (Finnish Institu te of M arine Research), Finland

10 N orwegian Sea Svin0y, Gims0y, 
and  S0rkapp Sections

Kjell Arne Mork 
(kjell.arne .mork@imr.no)

IMR (Institute of M arine Research), Norway

10 N orwegian Sea Ocean W eather S tation Mike Svein 0 sterhus
(Sve in.Osterhus@gfi.uib.no)

Geophysical Institute, University of Bergen, 
Norway

11 Barents Sea Fugl0ya-Bear Island Section Harald Loeng 
(harald. loe ng @ im r .no)

IMR (Institute of M arine Research), Norway

11 Barents Sea Kola Section-  
Eastern Barents Sea

Dr Oleg V. Titov Research Director 
(titov@ pinro.ru)

PINRO (Knipovich Polar Research Institute 
of M arine Fisheries and  Oceanography), Russia

12 G reenland Sea 
and Fram Strait

W est of Spitsbergen 76.5 °N W aldem ar Walczowski 
(walczows @iopan.gda.pl)

IOPAS (Institute of Oceanology, Polish 
A cadem y of Sciences), Poland

12 G reenland Sea and 
and Fram Strait

Fram Strait A. Beszczynska-Möller 
(abeszczynska@ awi-bremerhaven.de)

AWI (Alfred W egener Institu te
for Polar and  M arine Research), Germany

12 G reenland Sea 
and Fram Strait

G reenland Sea Section a t 75°N G. Budeus
(Gereon.Budeus@awi.de)

AWI (Alfred W egener Institu te  for Polar and 
M arine Research), Germany
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