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1. INTRODUCTION

The N orth  Atlantic region is unusual in having a relatively large num ber of locations at w hich 
oceanographic data have been collected repeatedly  for m any years or decades; the longest records go 
back m ore than a century. In this report, w e provide the very  latest inform ation from  the ICES Area 
of the N orth  Atlantic and  N ordic seas, w here the ocean is currently  m easured regularly. We describe 
the status of sea tem perature and  salinity during  2011, as well as the observed trends over the past 
decade or longer. In the first p art of the report, w e d raw  together the inform ation from the longest 
tim e-series in o rder to give the best possible overview  of changes in  the ICES Area. Throughout the 
report, additional com plem entary datasets are provided, such as sea level pressure, air tem perature, 
and  ice cover.

The m ain focus of the annual ICES Report on Ocean Climate (IROC) is the observed variability  in the 
u pper ocean (the u pper 1000 m). The in troductory  section includes gridded  fields constructed by 
optim al analysis of the Argo float data d istribu ted  by  the Coriolis data centre in France. Later in the 
report, a short section sum m arizes the variability  of the interm ediate and  deep w aters of the N orth 
Atlantic.

The data p resented  here represent an accum ulation of know ledge collected by  m any individuals and 
institutions th rough  decades of observations. It w ou ld  be im possible to list them  all, b u t at the end of 
the report, w e provide a list of contacts for each dataset, including e-mail addresses for the individuals 
w ho provided  the inform ation, and  the data centres at w hich the full archives of data are held.

M ore detailed analysis of the datasets tha t form  the tim e-series p resented  in this report can be found 
in the annual m eeting reports of the ICES W orking G roup on Oceanic H ydrography at h t tp : / /w w w . 
ices .d k /w o rk in g g ro u p s/View W orkingGroup.aspx?ID=146.

l .i  H ighlights o f  th e  North A tlantic for 2011

• T h e  u p p e r  layers  o f  t h e  n o r t h e r n  N o r th  A t lan t ic  

a n d  t h e  N o r d ic  s e a s  w e re  w a r m  a n d  s a l i n e  in 2011 

c o m p a r e d  w i th  t h e  lo n g - t e r m  a v erag e .

• In t h e  n o r t h w e s t e r n  N o r th  A tlan t ic ,  t h e  w a r m  w in t e r  

led t o  h igh  o c e a n  t e m p e r a t u r e s .  Low s e a  ice e x te n t  

a n d  a low n u m b e r  o f  i c e b e r g s  w e r e  o b s e r v e d  in t h e  

L a b ra d o r  Sea .

• T h e  N o rd ic  s e a s  a lo n g  t h e  p a th w a y  o f  t h e  N o r th  

A t la n t ic  C u r r e n t  (NAC) w e r e  very  s a l i n e  in 2011, w h i le  

t h e  i n te r io r  o f  t h e  N o r w e g ia n  S e a  c o n t i n u e d  t o  f r e s h e n  

a t  t h e  s u r fa c e .

• S t r o n g  inflow o f  A t la n t ic  W a t e r  e n t e r i n g  t h e  Arctic  

via  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  o c c u r r e d  in s p r in g  

2011, fo l lo w in g  very  w e a k  inflow in w in t e r  2 0 1 0 /2 0 1 1 .

• D e e p  w a t e r  in t h e  N o r w e g ia n  S e a  is a t  its w a r m e s t  

a n d  m o s t  sa l in e ,  m a t c h i n g  t h e  p r o p e r t i e s  o f  d e e p  
w a t e r s  ex i t ing  t h e  Arct ic.

• S e v e re  ice w in t e r  c o n d i t i o n s  o c c u r r e d  fo r  a s e c o n d  

y e a r  in t h e  Baltic.

• Dry w e a t h e r  a n d  f low  f r o m  t h e  s o u t h  led t o  re co rd -  
high  sa l i n i t i e s  o n  t h e  s h e l f  a n d  s l o p e  in t h e  Bay o f  

Biscay.

1.2 H ighlights o f  th e  N orth A tlantic 
a tm o sp h e re  in w in ter 2010/2011

• T h e  N o r th  A t lan t ic  O s c i l l a t io n  (N A O ) in d ex  in w in t e r  

2 0 1 0 /2 0 1 1  w a s  n eg a t iv e ,  b u t  n o t  a s  s t r o n g  a s  t h e  
p re v io u s  w in te r ,  g e n e r a t i n g  l e s s  e x t r e m e  c o n d i t i o n s .  

T h is  w a s  t h e  t h i r d  w i n t e r  in s u c c e s s i o n  t h a t  s h o w e d  

a n e g a t iv e  index,  w h ic h  h a s  n o t  h a p p e n e d  s in c e  t h e  

w in t e r s  1 9 6 8 / 6 9  t h r o u g h  1970/71 .

• S u r fa c e  a ir  t e m p e r a t u r e s  w e re  n e a r  a v e r a g e  o v e r  t h e  

n o r t h e a s t  A tlan t ic ,  N o r th  Sea ,  a n d  N o rd ic  s e a s ,  a n d  
a b o v e  a v e r a g e  o v e r  G r e e n l a n d  a n d  t h e  L a b ra d o r  Sea .  

T h e  Baltic a n d  n o r t h e a s t e r n  E u r o p e  e x p e r i e n c e d  cold  

w i n t e r  c o n d i t i o n s .

• M e a n  w i n d s  w e r e  w e a k e r  t h a n  n o r m a l  a c r o s s  t h e  

Rockall T ro u g h  a n d  in to  t h e  N o r th  Sea .  W i n d s  w e re  

s ligh t ly  s t r o n g e r  t h a n  a v e r a g e  w e s t  o f  S p a in  a n d  
P o r tuga l .

• T h e  w i n t e r  a t m o s p h e r i c  low o v e r  t h e  e a s t e r n  N o rd ic  

s e a s  w a s  w e a k e r  t h a n  ave rag e .

http://www
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NORTH ATLANTIC UPPER OCEAN TEMPERATURE: OVERVIEW
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Figure 1.
Upper ocean temperature anomalies at selected locations 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, s.d., above normal). Upper panels: maps o f conditions in 2011; (left) data from  in situ observations; 
(right) 2011 anomalies calculated from  OISST.v2 data (see Figure 3). Lower panels: time-series o f normalized anomalies at each o f the selected stations. 
Colour intervals 0.5 s.d.; reds = positive/warm; blues = negative/cool. See Figure 13 for a map supplying more details about the locations in this figure.
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NORTH ATLANTIC UPPER OCEAN SALINITY: OVERVIEW

Figure 2.
Upper ocean salinity anomalies 
at selected locations across the 
North Atlantic. The anomalies 
are calculated relative to a long­
term mean and normalized with 
respect to the standard deviation 
(e.g. a value o f  +2 indicates 
2 standard deviations above 
normal). Upper panel: map 
o f conditions in 2011. Lower 
panels: time-series o f normalized 
anomalies at each o f the selected 
stations. Colour intervals 0.5 s.d.; 
oranges = positive/saline; greens 
= negative/fresh. See Figure 13 
for a map supplying more details 
about the locations in this figure.
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2. SUMMARY OF UPPER OCEAN 
CONDITIONS IN 2011

In  this section, we sum m arize the conditions in 
the upper layers of the N orth  A tlantic during  2011, 
using  data from  (i) a selected set of sustained 
observations, (ii) gridded sea surface tem perature 
(SST) data, and  (iii) gridded vertical profiles of 
tem perature  and  salinity from  Argo floats.

2.1 In situ  stations and sections

W here in situ section and  station  data are presen ted  
in  the sum m ary tables and figures, norm alized 
anom alies have b een  provided to allow  better 
com parison of trends in the data  from  different 
regions (Figures 1-3; Tables 1 and  2).The anom alies 
have b een  norm alized by dividing the values by the 
s tandard  deviation of the data during  1971-2000. 
A  value of +2 thus represen ts data  (tem perature or 
salinity) at 2 standard  deviations (s.d.) greater than  
norm al.

O U R  “ 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 ” ,

A R E  R E G U L A 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 L I N I T Y  M A D E  O V E R  A  L O N G  P E R I O D  ( l O - l O O  

Y E A R S ) .  M O S T  M E A S U R E M E N T S  A R E  M A D E  I - 4  T I M E S  

A  Y E A R ,  B U T  S O M E  A R E  M A D E  M O R E  F R E Q U E N T L Y .

“ A N O M A L I E S ”  A R E  T H E  M A T H E M A T I C A L  D I F F E R E N C E S  

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

O R  O T H E R  V A R I A B L E  A T  E A C H  L O C A T I O N .  P O S I T I V E  

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

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 ;  N E G A T I V E  

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

T H E  “ S E A S O N A L  C Y C L E ”  D E S C R I B E S  T H E  A N N U A L  

C H A N G E S  A T  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 H E  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  I N  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 L I N I T Y  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  C Y C L E  

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

Y E A R - T O - Y E A R  C H A N G E S  W E  D E S C R I B E  H E R E .

6/7

Image courtesy o f A. Beszczynska-Möller, AWI, Germany.
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2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

1 ( 1 2 ) 
2 ( 1  ) 

3(1 )
4 (2b) 
5 ( 2 )
6 (2C)
7 (2C) 
8 (2 ) 
9 ( 2 )  
1 0 (3 )  
11 (3) 
1 2 (3 )
13 (4b)
14 (4b)
15 (4b) 
1 6 (5 )  
17 (5b) 
1 8 (6 )  
1 9 (6 )
20 (7)
21 (7)
22  ( 10)
23 (10)
24 (10) 
25(11) 
26 (11)
27 (12)
28 (10)
29 (12)
30 (4)
31 (89)
32 (89)
33 (89)
34 (9b)
35 (9b)
36 (9b)

-1.35 -0.22 0.34 1.90 1.98 1.74 -0.87 0.21 -0.23
-1.23 2.01 0.66 0.93 0.93 0.51 -0.19 0.04 2.75 -0.58
0.78 2.23 2.23 0.99 0.14 1.59 0.52 1.22 1.71 1.08
0.20 1.46 1.39 1.16 1.13 0.85 0.78 -0.01 1.53 0.90
0.11 0.51 1.93 1.17 2.16 -0.37 0.23 -0.09 2.02 2.96
1.00 -0.03 -0.08 0.35 0.76 1.11 0.71 0.22 0.46 0.96
1.43 -0.33 -1.49 -1.11 0.38 -0.46 0.25 0.01 0.62 1.00
0.10 0.05 0.39 0.20 0.33 -1.51 -0.71 -1.03 0.52 0.77
0.30 -1.55 -0.97 0.37 1.26 -0.53 0.06 0.70 0.75 1.30
-1.28 2.28 1.01 0.65 0.05 0.66 -0.01 -0.02 1.13 1.44
-1.04 1.54 0.39 -0.16 0.14 -0.44 0.38 0.27 0.17 0.64
0.46 2.21 2.14 3.32 1.94 1.88 1.17 2.07 2.06 1.58
1.26 1.66 2.46 2.26 2.06 0.86 0.06 0.66
-0.01 0.03 0.04 -0.21 -0.78 1.93 0.28 -0.55 0.51
1.51 0.98 1.29 0.16 -0.17 2.95 0.88 0.85 -0.48 0.78

1.47 1.89 2.05 2.69 2.30 1.94 1.58 1.21 0.93
1.14 1.21 2.90 1.70 1.33 1.88 0.14 -0.03 1.26 1.40
1.22 2.28 1.78 0.75 1.71 1.82 2.01 2.11 1.45 1.99
0.73 2.18 1.85 1.40 1.52 1.77 1.60 1.87 1.65 2.01
3.46 4.32 2.82 2.80 3.61 4.40 3.38 2.02 3.74 5.47
2.85 3.24 2.83 2.35 2.64 2.93 3.02 3.38 4.31 3.14
1.50 1.75 1.68 0.65 1.63 1.45 0.38 1.97 2.54 2.36
2.14 2.00 1.21 0.74 1.46 2.37 0.74 1.88 1.52 1.34
1.27 1.22 1.35 2.08 2.41 1.27 0.96 2.28 1.54 1.63
0.74 0.55 1.16 1.33 1.92 1.72 0.83 1.49 0.92 0.34
1.04 0.48 1.80 1.86 2.39 2.10 1.49 1.59 1.71 0.93
-0.26 -0.92 0.37 1.03 2.17 1.08 -0.17 0.56 0.42 1.01
0.17 0.85 1.62 1.81 0.99 0.61 0.89 0.40
0.10 0.17 1.20 1.22 2.35 0.42 -0.48 0.29 0.17 0.67
1.05 0.69 0.49 0.53 1.56 0.87 1.07 0.95 0.78 0.85
2.65 3.80 2.99 1.84 2.70 2.28 1.37 1.96 2.32 1.91
0.90 0.44 0.47 0.17 0.20 0.78 0.30 0.30 -0.34
1.66 1.17 0.95 1.15 1.43 2.05 1.21 0.82 -0.68
2.84 0.29 0.98 1.76 2.23 2.23 2.06 1.64 0.86 0.35
0.53 0.85 1.15 1.09 1.84 1.22 1.87 2.06 1.11 -0.04
-0.74 -1.18 -1.22 0.01 0.02 1.03 1.29 1.36 -0.49 -1.10

-1

-2

-3

Tables 1 and 2 .
Changes in ten iperatnre (Table 1, 
top) a n d  s a lin ity  (Table 2. bo ttom )  
a t selected s ta tio n s  in the  N o r th  
A tla n tic  region d n r in g  the p a s t  
decade. 2 0 0 2 -2 0 1 1 . T he in d ex  
n n m b ers  on the le ft can be nsed  
to cross-reference each p o in t  w ith  
in fo rm a tio n  in F igures 1 an d  2 
an d  in Table 3. T he n n m b ers  in 
brackets refer to d eta iled  area 
descrip tions fea tnred  la ter in the 
report. U nless specified, these  
are npper-layer anom alies. The  
anom alies are n o rm alized  w ith  
respect to the  s ta n d a rd  devia tion  
(e.g. a va ln e  o f  +2 indica tes th a t  
the  data  for th a t ye a r  w ere 2 
s ta n d a rd  d ev ia tions, s.d ., above  
norm al). B la n k  boxes ind ica te  
th a t data  w ere nn a va ila b le  for  
a p a rticn la r  yea r  a t  the tim e  o f  
pnblica tion . Coloni' in terva ls  
0.5  s.d .; red = w a rm ; blne= cold; 
orange = saline; g iven  = fv sh .

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

1 (12) 
2(1 ) 
3(1 )
4 (2b) 
5 ( 2 )
6 (2C)
7 (2C) 
8 (2 ) 
9 ( 2 )  
1 0 (3 )  
11 (3 ) 
1 2 (3 )
13 (4b)
14 (4b)
15 (4b) 
1 6 (5 )  
17 (5b) 
1 8 (6 )  
1 9 (6 )  
2 0 (7 )
21 (7 )
22 (10)
23 (10)
24 (10)
25 (11)
26 (11)
27 (12)
28 (10) 
29 (12) 
3 0 (4 )
31 (89)
32 (89)
33 (89)
34 (9b)
35 (9b)
36 (9b)

-1.41 0.14 0.21 1.30 1.22 1.49 -1.53 0.16 -1.38
-1.83 1.10 -0.02 1.20 1.52 0.56 -0.23 -0.02 0.34 0.47
0.50 1.87 1.98 0.84 -0.01 0.62 0.43 1.56 0.40 1.52
0.89 1.20 1.26 1.16 0.44 0.79 0.26 0.69 0.40 0.62
0.95 0.26 0.69 0.73 0.64 0.73 1.25 0.09 -0.21 0.21
1.34 -0.01 -0.57 0.43 0.83 0.28 0.64 0.49 -0.07 1.81
0.89 0.46 -0.07 -1.54 -0.61 0.43 0.18 0.07 -0.57 -1.14
-0.09 0.73 0.33 0.35 0.59 -0.98 -0.88 0.29 0.98
-0.47 -0.81 -0.71 -1.35 -0.04 0.43 -0.93 -0.23 0.25 -0.11
-0.73 1.72 1.21 0.52 -0.14 -0.13 -0.05 1.22 1.54 1.31
-0.12 0.29 0.35 0.18 0.70 0.69 0.75 0.55 0.71 0.78
0.98 2.53 2.37 3.40 2.37 2.45 2.09 3.16 2.56 2.03

-0.08 -0.88 -0.26 1.16 0.47 1.22 0.40 -0.12 -0.24 0.80
1.55 -0.59 0.43 1.34 0.65 1.26 0.61 0.73 0.64 1.48

1.83 1.79 1.56 1.52 1.67 1.93 2.01 2.04 1.74
1.43 0.57 2.54 1.92 1.59 1.79 0.81 0.94 2.21 1.66
0.34 2.04 1.83 1.55 1.16 1.18 1.87 2.26 2.18 2.06
0.76 1.86 1.59 1.97 1.37 1.42 1.79 2.14 2.10 1.88
1.43 1.79 1.84 1.50 1.03 1.18 1.42 1.55 1.64 1.78
1.95 2.25 2.08 2.03 1.85 1.56 2.07 2.86 3.01 1.75
0.89 1.74 1.72 1.25 1.27 1.11 0.22 1.90 2.41 1.79
1.05 1.22 1.42 1.05 1.12 1.30 0.91 1.99 1.92 1.63
0.53 1.28 1.23 1.80 1.74 1.03 0.73 1.92 1.84 1.97
0.30 0.64 1.39 1.37 1.80 1.48 1.23 0.51 1.77 1.85
-0.22 0.95 1.95 0.95 0.95 1.45 0.28 0.62 0.95 1.62
-0.11 -0.45 0.20 1.06 1.52 1.19 0.37 0.62 0.86 1.61
0.28 0.94 1.75 1.99 1.62 1.18 1.00 1.09
0.18 0.18 0.43 1.44 1.95 0.38 -0.05 0.71 1.14 1.47
0.49 0.49 0.20 0.39 0.47 0.36 0.82 0.42 0.39 0.41
-0.35 1.20 1.48 0.78 -0.44 -0.77 0.31 0.10 -0.94 -0.36
-1.23 -0.39 0.36 0.09 0.53 -0.14 0.51 0.34 -0.55 0.98
-0.27 0.60 0.44 0.27 1.01 -0.68 0.94 1.20 -0.19
-1.48 -1.79 -1.40 -0.97 -1.70 -0.94 -1.07 -0.81 -0.68 -0.98
1.07 2.02 0.86 0.91 2.62 0.88 0.78 1.30 1.53 1.13
-0.34 0.45 1.39 1.45 0.99 1.39 0.76 1.04 2.44 2.45

-1

-2

' - 3
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Table 3. Details o f the datasets included in Figures 1 and 2 and in Tables 1 and 2. Blank boxes indicate that no information was available for the area at the time o f publication. 
T stands for temperature, S for salinity. Some data are calculated from  an average o f more than one station; in such cases, the latitudes and longitudes presented here represent 
a nominal midpoint along that section.

1 Fram  S trait -  East G reen land  C urrent 12 5 0 -5 0 0  m 1980-2010 78.83 -6 .00 0.84 0.63 34.702 0.129

2 S tation  4  -  Fylla S tation  -  
G reen land  Shelf

1 0 -5 0  m 1983-2000 63.88 -53-37 2.329 1.003

3 Cape D esolation S ta tion  3 1 75-200  m 1983-2000 60.47 -50.00 5-44 0.61 34.903 0.062

4 A rea 2b -  w es t-cen tra l Labrador Sea 
-  AR7W sta tio n s

2b 0-150  m 1971-2000 56.70 -52.50 313 0.38 34.710 0.088

5 S tation  27 -  N ew fo u n d lan d  Shelf 
(tem perature) -  C anada

2 0-175 m 1971-2000 47-55 -52-59 0.35 0.233

6 O leander Section (inshore o f  100 m  
isobath) -  M id-A tlantic B ight -  USA

2C Surface 1980-2010 39.00 -71.50

7 N orthw est Georges Bank -  
M id-A tlantic B ight -  USA

2C 1-30 m 1980-2010 42.00 -70.00 9.98 0.79 32.600 0.280

8 Em erald Bank -  C entra l S cotian Shelf -  
C anada

2 N ear B ottom 1981-2010 44.00 -63.00 1.21 0.221

9 M isaine Bank -  N o rth eas te rn  Scotian 
Shelf -  C anada

2 N ear b o tto m 1981-2010 45.00 -59.00 0.58 0.159

io S iglunes S ta tio n  2 -4  -  N o rth  Iceland 
Irm inger cu rren t

3 50-150 m 1971-2000 67.00 -18.00 3-34 1.01 34 .8 2 3 0.124

lí Langanes S ta tion  2 -6  -  N ortheast 
Iceland  -  East Icelandic C urren t

3 0 -5 0  m 1971-2000 67.50 -13.50 1.24 0.95 3 4 .6 9 8 0.137

12 Selvogsbanki S ta tio n  5 -  S ou thw est 
Iceland  -  Irm inger C urren t

3 0 -2 0 0  m 1971-2000 63.00 -22.00 7.64 0.37 3 5 1 5 4 0.037

13 M alin H ead  W eath er S tation 4b Surface 1971-2000 55-37 -7-34 10.57 0.50

14 Poin t 33 -  A stan 4b 5 m 1998-2010 48.78 -3-94 12.69 0.35 35.212 0.111

15 W estern  C hannel O bservatory  
(W C O )-E i-U K

4b D ep th  average 
0 - 4 0  m

1971-2000 50.03 -4-37 12.00 0.39 35.186 0.095

16 Eilet Line -  Rockall T rough -  UK 
(Section average)

5 0 - 8 0 0  m 1975-20 0 0 56-75 -11.00 9.26 0.33 35.328 0 .040

17 C entral Irm in g er Sea -  Subpolar 
M ode W ater

5b 2 0 0 -4 0 0  m 1991-2000 59.40 -36.80 3-97 0.52 3 4 .8 7 6 0.030

18 Faroe Bank C hannel -  W est Faroe 
Islands

6 Up per-layer, 
h ig h -sa lin ity  core

1988-2000 61.00 -8.00 8 5 3 0.37 35.272 0 .044

19 Faroe C urren t -  N o rth  Faroe Islands 
(M odified N o rth  A tlan tic  W ater)

6 U pper layer, 
h ig h  sa lin ity  core

1988-2000 63.00 -6.00 7 .84 0.40 35.218 0.043

20 Faroe S h etlan d  C hannel -  S hetland  
Sheld (N orth A tlan tic  W ater)

7 U pper layer, 
h ig h  sa lin ity  core

1971-2000 61.00 -3.00 9-57 0.15 35.363 0 .040

21 Faroe S h etlan d  C hannel -  Faroe 
Shelf (M odified N o rth  A tlan tic  W ater)

7 U pper layer, 
h ig h  sa lin ity  core

1971-2000 61.50 -6.00 7.85 0.25 35.219 0.035

22 Ocean W eath er S ta tion  Mike -  50m 10 50 m 1971-2000 66.00 -2.00 7-49 0.44 35.148 0.045

23 S ou thern  N orw eg ian  Sea -  Svin0y 
Section -  A tlan tic  W ater

10 5 0 -2 0 0  m 1971-2000 63.00 3.00 7.68 0.50 35.210 0.056

24 C entral N orw eg ian  Sea -  G im s0y 
Section -  A tlan tic  W ater

10 5 0 -2 0 0  m 1971-2000 69.00 12.00 6.45 0.44 35.129 0.053

25 Fugl0ya -  Bear Island  Section -  
W estern  B aren ts Sea -  A tlan tic  inflow

11 5 0 -2 0 0  m 1977-2006 73.00 20.00 5 35 0.54 35-059 0 .049

26 Kola Section -  East B arents Sea 11 0 -2 0 0  m 1971-2000 71.50 33.50 3.92 0.49 34.763 0 .0 6 0

27 G reen land  Sea Section -  
W est o f  Spitsbergen

12 200 m 1996-2010 76.50 10.50 3.19 0.61 35.058 0.045

28 N o rth ern  N orw egian  Sea -  S0rkapp 
Section -  A tlan tic  W ater

10 5 0 -2 0 0  m 1971-2000 76.33 10.00 3.80 0.68 35-054 0.046

29 Fram  S trait -  W est Sp itsbergen  C urren t 12 5 0 -5 0 0  m 1980-2010 78.83.00 7.00 3.08 0.71 35.023 0.039

30 S an tan d er S ta tion  6 (shelf break) -  
Bay o f  Biscay -  Spain

4 5 -2 0 0  m 1993-20 0 0 43.70 -3 .78 12.69 0.32 35.617 0.064

31 Fair Isle C urren t W ater (w aters 
e n te rin g  N o rth  Sea fro m  Atlantic)

8 & 9 0 -1 0 0  m 1971-2000 59.00 -2.00 9.71 0.34 34.841 0.070

32 Section average -  Felixstow e -  R otterdam 8 & 9 Surface 1971-2000 52.00 3.00 12.24 1.20 34.650 0.330

33 H elgoland  Roads -  C oastal w a te rs  -  
G erm an  B ight N o rth  Sea

8 & 9 Surface 1971-2000 54-19 7.90 10.10 0.72 32.110 0-544

34 Baltic P roper -  East o f  G o tland  -  Baltic Sea 9b Surface 1971-2000 57-50 19.50 8.57 0.86 7.352 0.242

35 Baltic P roper -  LL7 -  Baltic Sea 9b 70 m 1991-2000 59 51 24.50 3-49 0.71 7.531 0.653

36 Baltic P roper -  SR5 -  Baltic Sea 9b 110 m 1991-2000 61.05 19.35 3.25 0.58 6.357 0.153
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2.2 Sea surface temperature

Sea surface tem peratures across the entire N orth  
A tlantic have also been  obtained from  a com bined 
satellite and  in situ gridded dataset. Figure 3 show s 
the seasonal SST anom alies for 2011, extracted from 
the O ptim um  Interpo la tion  SST dataset (OISST.v2)

provided by the NOAA-CIRES Climate D iagnostics 
C enter in  the USA. In h igh latitudes, w here in situ 
data are sparse and  satellite data  are h indered  by 
cloud cover, the data m ay be less reliable. Regions 
w ith  ice cover >50% of the averaging period appear 
blank.

Winter $ ■

2 0 1 1  7
Spring
2011 7

S u m m er
2011

Autumn
2011

Figure 3.
M aps o f seasonal sea surface temperature anomalies (°C) over the North Atlantic for 2011 from  the N O AA 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 with respect to normal conditions for 1971-2000. The data are produced on a I o grid from a combination o f  satellite and 
in situ temperature data. Regions with ice cover >50% o f the averaging period are left blank.
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2.3 Gridded temperature and salinity  
fields

A sum m ary of the conditions in  the N orth  A tlantic 
over the last decade can be estab lished  using  the 
Argo global observing system  based  on profiling 
floats. Tem perature and  salinity fields are estim ated 
on  a regular half degree (M ercator scale) grid 
using  ISAS (In Situ A nalysis System; G aillard et 
al., 2009) a tool developed and  m ain ta ined  at LPO  
(Laboratoire de Physique des O céans) w ith in  the 
SO -A rgo (Système d 'O bservation-A rgo , h ttp :// 
w w z.ifrem er.fr/lpo/SO -A rgo-France).

The year 2011 w as processed  in  n ear real-tim e. 
A round  the 8th of each m onth , the Coriolis data 
centre prepares files w ith  all data  collected for 
the previous calendar m onth . The files contain  
m ostly  Argo profiles, b u t som e CTD, buoy, and 
m ooring  data tran sm itted  in  real-tim e are also 
included. P reprocessing  is perform ed as follows: a 
clim atological tes t is first applied  to detec t outliers, 
and  th en  the profiles are vertically in terpo la ted  on 
152 standard  dep ths from  0 to  2000 m .T he analysis 
to produce gridded fields is th e n  perform ed on 
the preprocessed  data  at each standard  dep th  
independently . The m ethod  is based  on  optim al 
estim ation  principles and  includes a horizon tal 
sm oothing through specified covariance scales. The 
results p resen ted  in th is report w ere produced  w ith  
ISAS version 6. The reference state w as com puted 
as the m ean  of a 2004-2010 analysis (D2CA1S2), 
and  the a priori variances w ere com puted  from  the 
sam e dataset. To com pare the year 2011 w ith  the 
previous years sam pled by Argo, a hom ogeneous 
analyzed field w as p roduced  over the period  2002- 
2011 (analysis nam ed  D 2CA 2S0).The data  for the 
period  2002-2010 w ere ob tained  in delayed m ode 
for 2002 to m id-2009 and  in  n ear real-tim e for the 
second half of 2009 and  2010.

The near-surface layer of the ocean (Figures 4 
and  5) is directly influenced by the atm ospheric 
conditions. In  w in ter 2011, this layer w as m ore th an  
1°C w arm er th an  norm al th ro u g h o u t the L abrador 
Sea. It w as at least 1°C colder th a n  norm al sou th  
of N ew foundland  along 42°N  from  the A m erican 
coast to the centre of the N o rth  Atlantic. This cold 
anom aly  w as also associated w ith  fresher-than- 
norm al w ater. In spring, the N o rth  A tlantic w as 
w arm er th a n  norm al east of 20°W  and  colder w est 
of this longitude. In sum m er, w aters situated  east of 
G reen land  and  east of A m erica from  60°N to 40°N 
w ere w arm  (1-2°C  above norm al) and  saline. The 
central N orth  A tlantic w as colder and  fresher th an  
norm al. The cold anom aly  con tinued  to develop 
during  au tum n, b u t w as lim ited to  the area w est 
of 20°W.

The resu lting  near-surface annual m ean  anom aly 
show s (Figure 6) w arm  and  saline w aters in  the 
G reen land  Sea and  along the p a th  of the East 
G reen land  C urrent. W arm and  saline w ater w as 
also p resen t a long the p a th  of the L abrador C urrent, 
w ith  an  in trusion  of cold/fresh w aters on  the no rth  
flank of the Gulf S tream /N orth  A tlantic C urrent. 
A t the eastern  boundary  (Iberian Peninsula, Bay of 
Biscay, N orth  Scotland, and  N orway), w aters w ere 
slightly w arm er and  saltier th a n  norm al. In  the 
central N o rth  A tlantic (50°N) w est of 20°W, a pool 
of cold and  fresh w ater is apparent.

The annual m ean  anom alies for the ocean interior 
at a dep th  of 1000 m  are show n in Figure 7. H ere, 
a cold and  fresh anom aly  is observed sou th  of the 
G ulf S tream  and  Azores C urren t (subtropical gyre). 
The G reen land  and  L abrador seas are w arm er than  
norm al, and  th is is a clear tendency  since 2002. 
M ed iterranean  outflow  w ater seem s w arm er and  
saltier w est of the Iberian  Peninsula and  along the 
eastern  boundary  th a n  is typical. The cold anom aly 
along 20°W  th a t started  to develop in  2006 w as 
w eaken ing  in  2011.

Variations in th e  February m ixed-layer dep th  
(defined as the d ep th  w here tem pera tu re  differs by 
m ore th an  0.5°C from  the 10 m  value) are show n 
in  Figure 8. As in  2011, the m ixed layer w as deep 
along the eastern  boundary, particularly  no rth  
of the Bay of Biscay. In 2011, this did n o t extend 
zonally  w estw ards in to  the basin  as strongly as it 
h ad  in  2010, and  a sharp  sou thern  lim it w as found 
at 42°N.
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Figure 4.
M aps o f 2011 seasonal 
temperature anomalies at 10 
m depth in the North Atlantic. 
Anomalies are the differences 
between the ISAS monthly 
mean values and the reference 
c lim a to lo g y W O A -0 5 . The 
colour-coded temperature scale is 
the same in all panels. From the 
ISAS monthly analysis o f Argo 
data.

- 5  0  5  - 5  0  5

Figure 5.
M aps o f 2011 seasonal salinity 
anomalies at 10 m depth in the 
North Atlantic. Anomalies are 
the differences between the ISAS 
monthly mean values and the 
reference climatology, WOA-05. 
The colour-coded salinity scale is 
the same in all panels. From the 
ISAS monthly analysis o f Argo 
data.
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Figure 6.
Maps o f annual temperature 
(upper) and salinity (lower) 
anomalies at 10 m for 2006-2011. 
From the ISAS monthly analysis 
o f Argo data.
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Figure 7.
Maps o f annual temperature 
(upper) and salinity (lower) 
anomalies at 1000 m for 2006- 
2011. From the ISAS monthly 
analysis o f Argo data.
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2006/02 2007/02 2008/02 Figure 8.
Maps o f North Atlantic winter 
(February) mixed-layer depths 
for 2006-2011. From the ISAS 
monthly analysis o f Argo data. 
Note that the mixed-layer depth 
is defined as the depth at which 
the temperature has decreased 
by more than 0.5°C from the 
temperature at 10 m depth. This 
criterion is not suitable for areas 
where effects o f salinity are 
important (ice melting) or where 
the basic stratification is weak. 
Therefore, results in the Labrador 
Sea, around Greenland, and in the 
Gulf o f Lion are not significant.
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3. THE NORTH ATLANTIC 
ATMOSPHERE

3.1 Sea level pressure

The N orth  A tlantic O scillation (NAO) is a pa ttern  
of atm ospheric variability th a t has a significant 
im pact on  oceanic conditions. It affects w ind speed, 
precipitation, evaporation, and  the exchange of 
hea t betw een  ocean and  atm osphere, and  its effects 
are m ost strongly felt in  w inter. The NAO index is 
a simple device used  to describe the state of the 
NAO. It is a m easure of the strength  of the sea level 
air pressure gradient be tw een  Iceland and  Lisbon, 
Portugal. W hen  the NAO index is positive, there 
is a streng then ing  of the Icelandic low -pressure 
system  and  the A zores h igh-pressure system. This 
produces stronger m id-latitude w esterly  w inds, 
w ith  colder and drier conditions over the w estern  
N orth  A tlantic and  w arm er and  w etter conditions 
in  the eastern  N orth  A tlantic. W hen  the NAO index 
is negative, there is a reduced pressure gradient, 
and  the effects tend  to be reversed.

W hen the NAO is w eak, two additional dom inant 
atmospheric regimes have been recognized as useful 
descriptors: (i) the A tlantic Ridge m ode, w hen  
a strong anticyclonic ridge develops off w estern  
Europe (similar to the East A tlantic pattern); and 
(ii) the Blocking regim e, w h en  the anticyclonic 
ridge develops over Scandinavia. The four regim es 
(positive NAO, negative NAO, A tlantic Ridge, and 
Blocking) have all been  occurring at around the same 
frequency (20-30% of all w in ter days) since 1950. 
These m odes of variability are revealed th rough  
cluster analysis of sea level pressure (SLP) rather 
th an  exam ining po in t-to -p o in t SLP gradients.

There are several slightly different versions of 
the NAO index calculated by climate scientists. 
The H urrell w in ter (December, January, February, 
and  M arch, or DJFM) NAO index is the one m ost 
com m only used  and is particularly relevant to the 
eastern  N orth  Atlantic.

Follow ing a long period  of increase, from  an 
extrem e and  persisten t negative phase in  the 1960s 
to a m ost extrem e and  persisten t positive phase 
during the late 1980s and  early 1990s, the H urrell 
NAO index underw en t a large and  rapid  decrease 
during w in ter 1995/1996.

Betw een 1996 and 2009, the H urrell NAO index 
w as fairly w eak in  m ost years and  a less useful 
descriptor of atm ospheric conditions. In  w in ter 
2010, the indexw as strongly negative (Figure 9), and 
its anom aly  pa tte rn  exerted a dom inan t influence 
on  atm ospheric conditions. This w as the strongest 
negative anom aly since 1969 and  the second 
strongest negative value for the H urrell w in ter NAO 
index on  record (which began  in  1864).

In w in ter 2010/2011, the H urrell NAO w inter 
index rem ained negative (-1.57; Figure 9), bu t w as 
no t as strong  as th e  prev ious w inter, g enera ting  
less extrem e conditions. It w as the th ird  w in ter 
in succession th a t the index w as negative, w hich 
has no t h appened  since the w inters 1968/1969 
th rough  1970/1971. The atm ospheric conditions 
indicated by this negative NAO index are m ore 
clearly understandab le  w h en  the anom aly fields 
are m apped . O cean  properties are particularly 
dom inated  by w in te r conditions, hence the 
inclusion of m aps of SLP for w in ter (DJFM; Figure 
10).The top panel of Figure 10 show s the w in ter SLP 
averaged over 30 years (1971-2000). The dom inant 
features ("action centres") are the Iceland Low  (the 
purple patch  situated  sou thw est of Iceland) and  the 
A zores H igh (the orange patch  w est of G ibraltar).

The m iddle panel of Figure 10 show s the m ean  SLP 
for w in ter 2011 (D ecem ber 2010, January-M arch 
2011), and  the bo ttom  panel show s the 2011 w inter 
SLP anom aly  (i.e. the difference betw een  the top 
and  m iddle panels). In w in ter 2011, the average 
SLP field had  a fairly typical p a tte rn  com pared to 
the 1971-2000 average. Both the Iceland Low  and 
the Azores H igh were evident, bu t they were weaker 
than  in the m ean pattern. The resulting SLP anom aly 
show s a negative NAO character, be ing  negative in 
the south  and  positive in  the north .
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The figures show  contours of constant SLP (isobars). 
The geostrophic (or"gradient") w ind blow s parallel 
w ith  the isobars, w ith  low er pressure to the left; 
the  closer the isobars, the stronger the w ind. The 
strength  of the w in ter m ean  surface w ind averaged 
over the 30-year period (1971-2000) is show n in 
the upper panel of Figure 11, w hile the low er panel 
shows the anom aly in  w inter 2011. These reanalyses 
dem onstrate  th a t the m ean  w inds w ere stronger 
th an  norm al across the ocean in the sou thern  part 
of the region, over the A zores, N ew foundland, and 
in  regions w est and  east of Iceland. W inds w ere 
w eaker th an  norm al no rth  and  east of the Azores in 
a b road  band  centred over Rockall and  Ireland and 
extending across the N orth  Sea.

IN W IN T E R  2 0 1 0 / 2 0 1 1 ,  TH E 

HURRELL N AO  W IN T E R  IN D E X  

WAS NEGATIVE FOR THE T H I R D  

SUCCESSIVE YEAR.
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Figure 9.
The Hurrell winter (DJFM) NAO  
index for the past 100 years, with 
a 2-year running mean applied 
(left panel) and for the current 
decade (right panel). Data source: 
http :/iw w w  .cgd.ucar.edu/'cas! 
jhurrell/nao. stat.winter, html.

16 /17



ICES Cooperative Research Report No. 314

Figure 10.
Winter (DJFM) sea level pressure 
(SLP) fields. Top panel: SLP 
averaged over 30 years (1971- 
2000). Middle panel: mean SLP 
in winter 2011 (December 2010, 
January-March 2011). Bottom 
panel: winter 2011 SLP anomaly -  
the difference between the top and 
middle panels. Images provided 
by the NOAA/ESRL Physical 
Sciences Division, Boulder, CO 
(available online at http://www. 
cdc.noaa.gov/).
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NCEP/NCAR Reanalysis
1000m b S ca la r Wind S peed  ( m / s )  C om posite Mean

Figure 11.
Winter (DJFM) surface wind 
speed. Upper panel: surface wind 
speed averaged over 30 years 
(1971-2000). Lower panel: winter 
2011 anomaly in surface wind 
speed. Images provided by the 
NOAA/ESRL Physical Sciences 
Division, Boulder, CO (available 
online at http://www.cdc.noaa. 
gov/).
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3.2 Surface air temperature

N o rth  A tlantic w in te r m ean  surface air 
tem p era tu res  are show n in Figure 12. The 1971- 
2000 m ean  cond itions (Figure 12, top  panel) 
show  h igh  tem p era tu res  p e n e tra tin g  far to the 
n o rth  on the  easte rn  side of th e  N o rth  A tlantic 
and  th e  N ordic seas, caused  by th e  n o rthw ard  
m ovem en t of w arm  oceanic w ater. The m iddle 
p an e l of Figure 12 show s the cond itions in w in te r 
(DJFM) 2010/2011, and  the  b o tto m  pan e l show s 
th e  difference b e tw een  th e  two.

In  w in te r 2010/2011, the  central N o rth  A tlantic 
and  N orw eg ian  Sea surface air tem p era tu res  w ere 
n ea r norm al, as w ere m ost of th e  seas off the 
E u ropean  con tinen ta l m argin . The Baltic, easte rn  
N o rth  Sea, and  n o rth ea s te rn  E urope experienced 
cold w in te r cond itions at least 1°C cooler th a n  
norm al. In  con trast, th e  surface air tem pera tu re  
over the  G reen land  and  so u th e rn  Irm inger seas 
w as m ore th a n  1°C h ig h er th a n  norm al.

T em perature over th e  L abrador Sea w as again  
high; m uch  of th e  area w as m ore th a n  3°C w arm er 
th a n  th e  1971-2000 average.

W IN T E R  SURFACE AIR 

TEMPERATURES WERE 

LOW OVER NORTHEASTERN 

EUROPE A N D  H I G H  

OVER G R E E N L A N D ,  THE 

IR M IN G E R  SEA, A N D  

T HE LABRADOR SEA.

Figure 12.
Winter (DJFM) surface air temperature fields. Top panel: surface air 
temperature averaged over 30 years (1971-2000). Middle panel: 
temperatures in winter 2011 (December 2010, January to March 2011). 
Bottom panel: winter 2011 surface air temperature anomaly -  the 
difference between the top and middle panels. Images provided by the 
NOAA/ESRL Physical Sciences Division, Boulder, CO (available online 
at http://www.cdc.noaa.gov/).
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4. DETAILED AREA 
DESCRIPTIONS, PART I:
THE UPPER OCEAN

4.1 Introduction

In  this section, w e presen t tim e-series from m any 
sustained observations in each of the ICES Areas. 
The general p a tte rn  of oceanic circulation in  the 
u pper layers of the N orth  A tlantic, in  relation  to 
the areas described here, is given in  Figure 13. In 
addition  to tem perature  and  salinity, we present 
o ther indices w here they  are available, such as 
air-tem perature and  sea-ice indices. The text 
sum m arizes the regional context of the sections and 
stations, no ting  any significant recent events.

M ost standard  sections or stations are sam pled 
annually  or m ore frequently. O ften, the tim e-series 
p resen ted  here have been  extracted from larger 
datasets and  chosen as indicators of the conditions 
in  a particular area. W here appropriate, data are

presen ted  as anom alies to dem onstrate  how  the 
values com pare w ith  the average, or "norm al", 
conditions (usually the long-term  m ean  of each 
param eter during 1971-2000). For datasets tha t 
do no t extend as far back as 1971, the average 
conditions have b een  calculated from  the start of 
the dataset up to 2000.

In places, the seasonal cycle has been  rem oved 
from  a dataset, e ither by calculating the average 
seasonal cycle during 1971-2000 or by draw ing 
on  o ther sources, such as regional climatology 
datasets. Sm oothed  versions of m ost tim e-series 
are included using a low -pass filter w ith  a 2-, 5-, 
or 10-year w indow , depend ing  on the length  of the 
series.

In som e areas, data are sam pled regularly enough  
to allow  a good description of the seasonal cycle. 
W here possible, m on th ly  data from 2011 are 
p resen ted  and  com pared w ith  the average seasonal 
conditions and statistics.

Figure 13.
Schematic o f the general 
circulation o f the upper ocean 
(approximately 0-1000 m) in the 
North Atlantic in relation to the 
numbered areas presented below. 
Blue arrows = movement o f cooler 
waters o f polar and subpolar 
influence; red arrows = movement 
o f warmer waters o f Atlantic 
influence.

Gulf Stream

WSC West Spitsbergen Current
EGC East Greenland Current
WGC West Greenland Current
E 1C East Icelandic Current
1C Irminger Current
NwAC Norwegian Atlantic Current
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Figure 14.
Area 1 -  West Greenland. 
Annual mean air temperature at 
N uuk weather station (64.16°N  
51.75°W).

4.2 Area 1 -  West Greenland

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

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

A N D  C O N S I S T S  O F  T W O  C O M P O N E N T S !  A  C O L D  

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

M I X T U R E  O F  T H E  P O L A R  W A T E R  A N D  M E L T  W A T E R ,  

A N D  A  S A L T I E R  A N D  W A R M E R  I R M I N G E R  S E A  W A T E R  

O F F S H O R E  C O M P O N E N T .  T H E  W E S T  G R E E N L A N D  

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

A N D  T H U S  I S S U B J E C T  T O  H Y D R O G R A P H I C  V A R I A T I O N S  

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

W I T H  V A R I A B I L I T Y  I N  T H E  G Y R E .  H Y D R O G R A P H I C  

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

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

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

O F F S H O R E  S T A T I O N S  A T  E A C H  S E C T I O N  H A V E  B E E N  

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

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

W est G reen land  usually  experiences w arm er-than- 
norm al conditions w h en  the NAO index is negative, 
and the highest ever reported tem perature occurred 
in 2010. In 2011, follow ing this record year, the 
annual m ean  air tem perature  at N uuk W eather 
S tation  in  W est G reenland decreased to  -1 .13°C , 
a level closer to th a t of 2009, bu t still h igher than  
average.

The w ater properties be tw een  0 and  50 m  dep th  
at Fyllas Bank Station 4 are used  to m on ito r the 
variability of the fresh Polar W ater com ponent 
of the W est G reenland C urrent. In 2010, the 
tem perature of this w ater was 2.8°C higher than  the 
long-term  m ean  (1983-2000) due to the heat flux 
from  the w arm  atm osphere. However, in  2011, the 
tem perature of this water was 0.6°C lower than  the 
long-term  m ean  (1983-2000).The salinity anom aly 
of the Polar W ater reveals a short-term  increasing 
trend  since 2008. In 2011, the salinity w as 0.18°C 
higher th an  the long-term  m ean.

The tem perature , salinity, and  volum e of the 
Irm inger Sea W ater com ponent of the West 
G reen land  C urren t started  to increase tow ards the 
end  of the 1990s, coinciding w ith  a docum ented  
slow -dow n of the Subpolar Gyre. In 2011, the 
w ater tem perature  in  the 75-200 m  layer at Cape 
D esolation S tation  3 w as 6.1°C, w hich is 0.4°C 
low er th a n  observed in  2010, b u t 0.7°C h igher 
th a n  the long-term  m ean. In 2011, the salinity in 
the 75-200 m  layer at Cape D esolation Station 3 
w as 35.0, w hich is 0.07°C higher th an  observed in 
2010 and  0.1°C above the long-term  m ean.

Data Provider: Danish Meteorological Institute -  Copenhagen and Seewetteramt -  Hamburg 
Ref: ICES Report on Ocean Climate 2011
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6.0 Figure 15.
Area 1 -  West Greenland. Mean 
temperature (upper panel) and 
salinity (lower panel) in the 0-50  
m water layer at Fyllas Bank 
Station 4 (63.88°N 53.37°W).

—•— Temperature °C 
 5 -y r Smoothed Data4.0
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- 2.0
Data Provider: Institut fur Seefischerei -  Germany -  Institute for Sea Fisheries 

Ref: ICES Report on Ocean Climate 2011
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7.0 Figure 16.
Area 1 -  West Greenland. 
Temperature (upper panel) and 
salinity (lower panel) at 75-200 
m at Cape Desolation Station 3 
(60.45°N 50°W).
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4.3 Area 2 -  Northwest Atlantic: Scotian Shelf 
and the Newfoundland-Labrador Shelf

Scotian Shelf

T H E  C O N T I N E N T A L  S H E L F  O F F  T H E  C O A S T  O F  N O V A  

S C O T I A  I S  C H A R A C T E R I Z E D  BY C O M P L E X  T O P O G R A P H Y  

C O N S I S T I N G  O F  M A N Y  O F F S H O R E  S H A L L O W  B A N K S  

A N D  D E E P  M I D - S H E L F  B A S I N S .  I T  I S  S E P A R A T E D  

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

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

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

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

T O W A R D S  T H E  S O U T H W E S T ,  I N T E R R U P T E D  BY 

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

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

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

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

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

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

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

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

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

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

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

I C E .  T E M P E R A T U R E  A N D  S A L I N I T Y  E X H I B I T  S T R O N G  

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

M O D I F I E D  BY D I F F U S I O N ,  M I X I N G ,  C U R R E N T S ,  A N D  

S H E L F  T O P O G R A P H Y .

In 2011, annual m ean  air tem peratures over 
the Scotian Shelf, rep resen ted  by Sable Island 
observations, w ere 0.8°C, corresponding to 
+1.1 s.d. above the long-term  m ean  (based on 
1981-2010). The am oun t of sea ice on  the Scotian 
Shelf in 2011, as m easured  by the to tal area of ice 
seaw ard of C abot Strait b e tw een  N ova Scotia and 
N ew foundland  from  January to April, w as 310 km 2, 
w ell below  the long-term  m ean  coverage of 32 000 
km 2.This is the th ird  low est coverage in  the 43-year 
tim e-series. O nly 1969 and  2010 had  less ice; the 
differences betw een  these three years are w ith in  
the uncertain ty  of the observations.

Topography separates the no rtheaste rn  Scotian 
Shelf from the rest of the shelf. In the northeast, 
the  bo ttom  tends to be covered by relatively cold 
w aters (1-4°C), w hereas the basins in  the central 
and  sou thw estern  regions typically have bo ttom  
tem peratures of 8-10°C. The origin of the latter is 
the offshore slope w aters, w hereas in the northeast, 
the  w ater com es principally from the Gulf of St 
Lawrence. The in terannual variability of the two 
w ater m asses differs.

M easurem ents of tem peratures at 100 m  at the 
M isaine Bank station capture the changes in  the 
northeast. They revealed 2011 average conditions 
of tem perature  above norm al (by 0.75°C, +1.2 
s.d.) and  salinity slightly low, b u t close to norm al 
(-0.02°C , -0 .1  s.d.). The deep Em erald Basin 
anom alies represen t the slope w ater in trusions 
onto th e  shelf th a t are subsequen tly  trap p ed  in 
the  in n er basins. In 2011, the 250 m  tem perature  
and  salinity anom alies w ere well above norm al 
(+0.92°C, +1.1 s.d.; +0.22°C, +1.5 s.d.) despite the 
expectation tha t after two low  NAO years, the 
colder, fresher Labrador Sea W ater should have 
appeared  in  Em erald Basin by 2011.

VERY LOW SEA ICE EXTENT O N  THE SCOTIAN SHELF,  

1% OF THE LO NG -TERM  AVERAGE.
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Figure 17.
Area 2 -  Northwest Atlantic: 
Scotian Shelf. Monthly means o f 
ice area seawards o f Cabot Strait 
(upper panel) and air temperature 
anomalies at Sable Island on the 
Scotian Shelf (lower panel).

Data Provider: Department of Fisheries and Oceans -  Canada 
Ref: ICES Report on Ocean Climate 2011
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3.0 Figure 18.
Area 2 -  Northwest Atlantic: 
Scotian Shelf. Near-bottom 
temperature anomalies (upper 
panel) and salinity anomalies 
(lower panel) at Misaine Bank 
(100 m).
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Figure 19.
Area 2 -  Northwest Atlantic: 
Scotian Shelf. Near-bottom 
temperature anomalies (upper 
panel) and salinity anomalies 
(lower panel) in the central 
Scotian Shelf (Emerald Basin, 
250 m).
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Newfoundland-Labrador Shelf

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

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

S T R A I T  T O  T H E  S O U T H E R N  G R A N D  B A N K  A N D  

D O M I N A T E D  BY S H A L L O W  B A N K S ,  C R O S S - S H E L F  

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

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

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

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

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

S O U T H E R N  A R E A S  O F  T H E  G R A N D  B A N K S .

H Y D R 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  

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

( N A O ) ,  A D V E C T I O N  BY T H E  L A B R A D O R  C U R R E N T ,  

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

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

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

I N P U T ,  S E A  I C E  C O V E R ,  A N D  S T O R M - F O R C E D  M I X I N G .  

T H E  R E S U L T I N G  W A T E R  M A S S  O N  T H E  S H E L F  E X H I B I T S  

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

A N D  V E R T I C A L  T E M P E R A T U R E  A N D  S A L I N I T Y  

G R A D I E N T S .

After reaching a record low  in 2010, the N orth  
A tlantic Oscillation index (Iceland-A zores), a key 
indicator of climate conditions in  the N orthw est 
A tlantic, rem ained in the negative phase at -1 .2  s.d. 
below  norm al. As a result, the  Arctic outflow  to the 
N orthw est A tlantic rem ained w eak in  m ost areas in 
2011 .

A nnual air tem peratures rem ained above norm al 
(based upon  1981-2010) at Labrador +0.9°C (+0.7 
s.d. at Cartw right) and  N ew foundland  +0.5°C (+0.6 
s.d. at St. John's), bu t a strong decrease followed 
the record highs of 2010. The annual sea ice extent 
on the N ew found land-L abrador Shelf rem ained 
below  norm al for the sixteenth consecutive year, 
reaching a record low  in 2011. As a result of these 
and  o ther factors, local w ater tem peratures on the 
N ew found land-L abrador Shelf rem ained above 
norm al, setting  new  record highs in som e areas.

A t the standard  m onito ring  site off eastern  
N ew foundland  (Station 27), the dep th-averaged  
annual w ater tem perature  increased to a record 
h igh  in 2011 at +3 s.d. above the long-term  m ean. 
A nnual surface tem peratures at S tation  27 w ere 
above norm al by 0.4°C (+0.6 s.d.), w hile bo ttom  
tem peratures (176 m) w ere at a record h igh at 
+1.3°C (+3.4 s.d.). The annual dep th-averaged
salinities at Station 27 w ere below  norm al for the 
th ird  consecutive year.

A robust index of ocean climate conditions in 
eastern  C anadian  w aters is the extent of the cold 
in term ediate  layer (CIL) of < 0°C w ater overlying 
the  continental shelf. This w inter-cooled w ater 
rem ains isolated betw een  the seasonally heated  
u pper layer and  the w arm er shelf-slope w ater 
th roughou t the sum m er and  early au tum n  m onths. 
D uring the 1960s, w hen  the NAO w as well below  
norm al and had the lowest value ever in this century, 
the volum e of CIL w ater w as at a m inim um , and 
during  the h igh  NAO years of the early 1990s, the 
CIL volum e reached near-record-h igh  values. The 
area of the CIL w ater m ass on  the N ew foundland 
Shelf during  2011 w as at a record low  value at - 2  s.d. 
below  norm al, im plying w arm  conditions, w hile off 
sou thern  Labrador, it w as the fourth  low est at -1 .5  
s.d. below  norm al. In  sum mary, ocean tem peratures 
on  the N ew found land-L abrador Shelf continued 
to increase, setting  new  record h ighs in  2011, while 
salinities rem ained low er th an  norm al.
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Figure 20.
Area 2 -  Northwest Atlantic: 
Newfoundland-Labrador Shelf. 
Winter and spring sea ice area 
off Newfoundland-Labrador 
between 45° and 55°N (upper 
panel). Annual air temperature 
anomalies at Cartwright on the 
Labrador Coast (lower panel).

Data Provider: Northwest Atlantic Fisheries Centre -  Canada
Ref: ICES Report on Ocean Climate 2011
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C O N T I N U E D T O  INCREASE, SETTING NEW RECORD H I G H S  IN 2011 .
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Figure 21.
Area 2 -  Northwest Atlantic: 
N e w f o u n d l a n d - L a b r a d o r  
Shelf. Annual depth-averaged 
Newfoundland Shelf temperature 
anomalies (top panel) and salinity 
anomalies (middle panel) at 
Station 27 (47.55°N 52.59°W), 
and spatial extent o f cold 
intermediate layer (CIL; bottom 
panel).

Year

Data Provider: Northwest Atlantic Fisheries Centre -  Canada 
Ref: ICES Report on Ocean Climate 2011
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4.4 Area 2b -  Labrador Sea

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

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

C O L D ,  L O W - S A L I N I T Y  W A T E R S  O F  P O L A R  O R I G I N  CI RCLE 

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

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

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

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

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

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

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

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

F R E S H E R  AS T H E Y  C I R C U L A T E  A R O U N D  T H E  B A S I N .

C H A N G E S  I N L A B R A D O R  S E A  H Y D R O G R A P H I C  

C O N D I T I O N S  O N  I N T E R A N N U A L  T I ME - S C AL E S  D E P E N D  

O N  T H E  VA RI AB L E  I N F L U E N C E S  O F  H E A T  L O S S  T O  T H E  

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

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

O U T F L O W ,  M E L T I N G  S EA I CE ,  P R E C I P I T A T I O N ,  A N D  

R U N - O F F .  A S E Q U E N C E  O F  S E V E R E  W I N T E R S  I N  T H E  

EARLY I 9 9 O S  L E D  T O  D E E P  C O N V E C T I O N ,  P E A K I N G

I N 1 9 9 3 - 1 9 9 4 >  t h a t  f i l l e d  t h e  u p p e r  2  k m  o f

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

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

T H E  M I D - 1 9 9 0 S .  T H E  U P P E R  LEVELS O F  T H E  L A B R A D O R  

S E A  H A V E  B E C O M E  W A R M E R  A N D  M O R E  S A L I N E  AS  

H E A T  L O S S E S  T O  T H E  A T M O S P H E R E  H A V E  D E C R E A S E D  

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

D O M  I N A N T .

The upper 150 m of the west-central Labrador Sea 
warmed by more than 1°C over the past 15 years, 
but dem onstrated no significant trend in salinity. 
However, on shorter tim e-scales, salinity of the 
same layer increased during 1994-2005 by about 
0.3 and decreased over the following years by more 
than  0.1. Temperature decreased between 2004 
and 2009 and started to increase in summ er 2009, 
reaching a record high in 2010. In 2011, temperature 
dropped slightly again, while salinity remained 
stable.

The 2011 annual m ean S ST in the west-central 
Labrador Sea decreased following its record high in 
2010 and exceeded the long-term  1971-2000 m ean 
by 0.8°C, making it the third coolest year of the 
recent 2003-2011 warm period. Conditions were 
generally warm throughout the year w ith record- 
high January values.

Figure 22.
A ren  2b  -  L nbrndor Sen. Potentinl 
tem p em tu re  n n o m n ly  (upper 
pnnel) n n d  sn ltn tty  n n o m n ly  
(low er pnnel) n t 1 6 -1 5 0  m, from  
C T D  nn d  A rgo  dntn In the w est-  
cen tm l L nbrndor Sen (centred n t 
5 6 .7 °N  5 2 .5 °W ). E sttm ntes o f  
sensonnl cycle (derived  f v m  nil 
dntn In the ttm e-sertes) h nve  been 
rem oved f v m  the obseivnttons. Temperature Anomaly 

■ 10 -y r Smoothed Data

Data Provider: BIO ■ Bedford Institute of Oceanography -  Fisheries and Oceans Canada 
Ref: ICES Report on Ocean Climate 2011
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Data Provider: BIO ■ Bedford Institute of Oceanography -  Fisheries and Oceans Canada
Ref: ICES Report on Ocean Climate 2011
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Figure 23.
Area 2b -  Labrador Sea. Annual 
mean sea surface temperature data 
from the west-central Labrador 
Sea (56.5°N 52.5°W). Data 
obtained from the HadlSSTl. 1 sea 
ice and sea surface temperature 
dataset, UK Meteorological Office, 
Hadley Centre.

Year

Data Provider: BIO -  Bedford Institute of Oceanography 
Ref: ICES Report on Ocean Climate 2011
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Figure 24.
Area 2b -  Labrador Sea. 
2011 monthly sea surface 
temperature data from the west- 
central Labrador Sea (56.5°N  
52.5°W). Data obtained from  
the HadlSSTl.1 sea ice and sea 
surface temperature dataset, UK 
Meteorological Office, Hadley 
Centre.
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4.5 Area 2c -  Mid-Atlantic Bight

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

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

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

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

S T R E A M  O F F S H O R E .  S H E L F - W I D E ,  H Y D R O G R A P H I C  

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

S I N C E  1 9 7 7  A S  P A R T  O F  Q U A R T E R L Y  E C O S Y S T E M  

M O N I T O R I N G  A N D  T W I C E - Y E A R L Y  B O T T O M - T R A W L  

S U R V E Y S  C O N D U C T E D  B Y  T H  E U . S .  N A T I O N A L  M A R I N E  

F I S H E R I E S  S E R V I C E ,  N O R T H E A S T  F I S H E R I E S  S C I E N C E  

C E N T E R .  T H E  S U R V E Y S  E X T E N D  F R O M  C A P E  H A T T E R A S  

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

B A N K  A N D  T H E  N O R T H E A S T  C H A N N E L  ¡ C O M  -  

F I G U R E  2 5 ) .  I N  A D D I T I O N ,  C O M M E R C I A L  V E S S E L S  

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

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

A L O N G  S E V E R A L  R E P E A T  C R O S S - S H E L F  T R A N S E C T S  

S I N C E  1 9 6 1 . O N E  R E G U L A R L Y  O C C U P I E D  S E C T I O N  

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

T O  B E R M U D A  F O R  A D I S T A N C E  O F  A P P R O X I M A T E L Y  

4 5 O  K M ,  C R O S S I N G  T H E  C O N T I N E N T A L  S H E L F  A N D  

S L O P E  A N D  E X T E N D I N G  I N T O  G U L F  S T R E A M  W A T E R  

( M A B  -  F I G U R E  2 5 ) .  T H E  O T H E R  S E C T I O N  T R A V E R S E S  

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

B O S T O N  T O  C A P E  S A B L E ,  N O V A  S C O T I A ,  A D I S T A N C E  

O F  A P P R O X I M A T E L Y  4 5 O  K M .  T H I S  S E C T I O N  C R O S S E S  

M A S S A C H U S E T T S  B A Y ,  W I L K I N S O N  B A S I N ,  L E D G E S  I N  

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

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

Figure 25.
Area 2c -  Mid-Atlantic Bight. 
The four regions o f ongoing 
time-series: GOM = Gulf of 
Maine (XBT measurements 
and surface samples); MAB  
= central Mid-Atlantic Bight 
(XBT measurements and surface 
samples); NEC = Northeast 
Channel (CTD stations); NWGB  
= Northwest Georges Bank (CTD 
stations).The 50, 100, 500, 1000, 
2000, and 3000 m isobaths are 
also shown.

Figure 26 show s annual average surface and  bo ttom  
tem perature anom alies, calculated relative to a 30- 
year m ean along the XBT line southeast of N ew  York 
City (MAB). The anom alies represen t the average 
anom aly for w aters inshore of the 100 m  isobath. 
In terannual tem perature fluctuations are vertically 
coherent inshore of the shelfbreak across the M id- 
A tlantic Bight. In 2011, w aters w ere w arm er th an  
the long-term  m ean  at b o th  the surface and  bottom . 
W arm ing w as enhanced  at the bottom , w here 
w aters w ere nearly  2°C w arm er th an  the long-term  
m ean, the w arm est on record. E nhanced w arm ing 
w as also observed upstream  in the bo ttom  w aters 
of the w estern  Gulf of M aine during  2010 (Figure 
27). Sam pling w as sparse in  2011 along the Gulf 
of M aine transect (less th an  6 m on ths contributing 
to the annual m ean), precluding the estim ation  of 
regional anom alies.

Figure 28 show s a tim e-series of tem perature  and 
salinity anom alies derived from hydrographic 
observations collected w ith in  the upper 30 m  over 
a region encom passing  the no rthw este rn  portion  
of G eorges Bank (NWGB -  Figure 25). G iven the 
know n circulation pathw ays th rough  the Gulf 
of M aine, the properties observed w ith in  this 
region represen t the initial conditions for shelf 
w ater exported to the N ew  England Shelf. The 
anom alies are in  original units relative to the m ean  
for 1980-2010. The surface tim e-series corroborates 
the trends exhibited in  the shipboard  XBT records, 
show ing enhanced w arm ing w ithin the upper w ater 
colum n in recent years. Relative to the seasonal 
m ean, w arm ing w as particularly strong  during 
spring w h en  observed tem peratures exceeded 
the m axim um  tem peratures observed during the 
reference period (Figure 29). D uring this sam e 
period, the upper w ater colum n w as significantly 
fresher, exceeding the m in im um  salinities observed 
in the long-term  climatology.

Figure 30 show s a tim e-series of tem perature  and 
salinity anom alies derived from hydrographic 
observations collected w ith in  the deep layer (150- 
200 m) in the N ortheast C hannel (location, Figure 
25).These deep w aters are uninfluenced by seasonal 
atm ospheric forcing and  represen t deep inflow 
conditions for one of the dom inan t w ater m ass 
sources to the Gulf of M aine (the slope w aters). As 
in Figure 28, the anom alies here are p resen ted  in 
original units, relative to the m ean  for 1980-2010. 
The tim e-series indicates th a t deep inflow  to the 
Gulf of M aine rem ained  w arm er and  saltier in  2011 
com pared w ith  the long-term  m ean.

NWGB
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Figure 26.
Area 2c -  Mid-Atlantic 
Surface and bottom temperature 
anomalies in the central M id- 
Atlantic Bight (relative to the 
base period o f  1980-2010) from  
XBT measurements; the origin 
o f the line is N ew  York City. 
The data represent the average 
conditions at the surface and 
bottom inshore o f the 100 m 
isobath.
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Data Provider: National Marine Fisheries Service -  USA 
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Figure 27.
Area 2c -  Mid-Atlantic 
Surface and bottom temperature 
anomalies across the western 
(upper panel) and eastern (lower 
panel) G ulf o f M aine (relative to 
the base period o f 1980-2010) 
from XBT measurements. The 
data represent the average 
conditions at the surface and 
bottom west and east o f 68°W.

Data Provider: National Marine Fisheries Service -  USA 
Ref: ICES Report on Ocean Climate 2011
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Figure 28.
Area 2c -  Mid-Atlantic 
Time-series plots o f 0-30 m 
averaged temperature anomaly 
(upper panel) and salinity 
anomaly (lower panel) on 
northwest Georges Bank. 
Anomalies are calculated relative 
to the period 1980-2010 using 
hydrographic data from shelf- 
wide surveys.
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Figure 29.
Area 2c -  Mid-Atlantic Bight. 
2011 monthly temperatures 
(0-30 m) at northwest Georges 
Bank, relative to the annual 
cycle calculated 1980-2010. The 
envelope corresponding to the 
monthly range and one standard 
deviation are shown.

Data Provider: National Marine Fisheries Service -  USA 
Ref: ICES Report on Ocean Climate 2011
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Figure 30.
Area 2c -  Mid-Atlantic 
Time-series plots o f 150-200 m 
averaged temperature anomaly 
(upper panel) and salinity 
anomaly (lower panel) in the 
Northeast Channel. Anomalies 
are calculated relative to 
the period 1980-2010 using 
hydrographic data from  shelf- 
wide surveys.
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Voluntary  o b se rv in g  sh ip s

► M a n y  o f  t h e  d a t a  p r e s e n t e d  h e r e  a re  c o l le c te d  f r o m  c o m m e r c i a l  v e s s e l s  t h a t  v o lu n ta r i ly  m a k e  o c e a n  
m e a s u r e m e n t s  a lo n g  t h e i r  j o u r n e y s .  T h e  t h r e e - d e c a d e - l o n g  re c o rd  o f  m o n t h l y  s a m p l e d  s u r f a c e  a n d  
b o t t o m  t e m p e r a t u r e s  c r o s s i n g  t h e  c o n t i n e n t a l  s h e l f  a n d  s l o p e  in t h e  M id -A t la n t ic  B igh t  a n d  s p a n n i n g  
t h e  w id th  o f  t h e  G u l f  o f  M a in e  (F ig u re s  26  a n d  27)  r ev ea l s  t h e  p o w e r  o f  r e p e a t e d  s y s t e m a t i c  s a m p l i n g  
f r o m  m e r c h a n t  m a r i n e  v e s s e l s .  A n u m b e r  o f  v e s s e l s  a r e  n o w  o p e r a t i n g  a u t o m a t e d  s y s t e m s  to  
s a m p l e  s u r f a c e  t e m p e r a t u r e  a n d  sal in i ty  w h i le  u n d e rw a y .  In a d d i t i o n ,  e x p a n d a b l e  b a t h y t h e r m o g r a p h s  
a re  d e p lo y e d  f r o m  n u m e r o u s  s h ip s .  D a ta  f r o m  m e r c h a n t  v e s s e l s  a re  t h e n  s e n t  t o  t h e  sc ien t i f ic  
c o m m u n i t y  in real  t i m e  via  s a te l l i t e  up l ink .  T h e  r a p id  avai lab i l i ty  o f  r e p e a t e d  o c e a n  o b s e r v a t i o n s  is 
a key t o  t h e  p r o g r a m m e ’s s u c c e s s .

T h e  s e c t i o n  c r o s s i n g  t h e  s h e l f  f r o m  N e w  York, USA, t o  B e r m u d a  is o c c u p i e d  by t h e  c o n t a i n e r  s h ip  
“O l e a n d e r ’’, o p e r a t e d  by t h e  B e r m u d a  C o n t a i n e r  Line. T h e  s e c t i o n  e a s t  o f  B o s t o n  h a s  re l ied  u p o n  
o b s e r v a t i o n s  f r o m  v a r io u s  v e s s e l s ,  i n c lu d in g  t h o s e  f r o m  H a p a g  Lloyd, E im sk ip a fe la g ,  C a r ib o u  
S e a f o o d s ,  t h e  US C o a s t  G u a r d ,  a n d  H a n s  S p e c k  a n d  S o n .  T h e i r  c o o p e r a t i o n  is g rea t ly  a p p r e c i a t e d .
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Figure 31.
Area 3 -  Icelandic waters. Main 
currents and location o f standard 
sections in Icelandic waters.

4.6 Area 3 -  Icelandic waters

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

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

R E Y K J A N E S  R I D G E ,  K O L B E I  N S E Y  R I D G E )  T H A T  F O R M  

N A T U R A L  B A R R I E R S  T O  T H E  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  ER C U R R E N T ,  A  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  ( 6 - 8 ° C ) ,  F L O W S  F R O M  

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

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

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

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

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

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

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

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

H I G H - P R E S S U R E  S Y S T E M S .  T H E S E  C O N D I T I O N S  I N  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  A F F E C 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  I N  T H E  W A 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 L Y  

I M P O R T A N T  F I S H  S T O C K S .

In 2011, m ean  air tem peratures in  the  sou th  
(Reykjavik) and  n o rth  (Akureyri) w ere above the  
long-term  averages. D uring the  year, tem perature  
and  salinity sou th  and  w est of Iceland rem ained 
high, although  bo th  w ere low er th an  in preceding 
years. In the  north , tem pera tu re  in surface layers 
w as slightly above, b u t close to, average, w hile 
salinity  in surface layers w as just below  average. 
Salinity and tem perature  in the East Icelandic 
C urren t in spring 2011 w ere b o th  above average.

TEMPERATURE A N D  

S AL IN IT Y  A R O U N D  

ICELAND WERE ABOVE 

AVERAGE IN 2011 .

68

o> :

w  I Si-3

66

I C E L A N D

64'

15° 1 0 °
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Data Provider: Hafrannsoknastofnunin -  Iceland -  Marine Research Institute 
Ref: ICES Report on Ocean Climate 2011

7.0 Figure 32.
Icelandic waters. 

Mean annual air temperature 
at Reykjavik (upper panel) and 
Akureyri (lower panel).
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Data Provider: Hafrannsoknastofnunin -  Iceland -  Marine Research Institute 
Ref: ICES Report on Ocean Climate 2011

6.0
— ■— Temperature °C 
 10 -y r Smoothed Data5.0

4.0

3.0

2 .0

1940 1950 1960 1970 1980 1990 2 0 0 0 2010
Year

6 .0 Figure 33.
Icelandic waters. 

Temperature (upper panel) and 
salinity (lower panel) at 50 -  
150 m at Siglunes Stations 2 -4  in 
North Icelandic waters.
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Figure 34.
Area 3 -  Icelandic waters. 
Temperature (upper panel) and 
salinity (lower panel) at 0-200m  
at Selvogsbanki Station 5 in 
South Icelandic waters.

Figure 35.
Area 3 -  Icelandic waters. 
Temperature (upper panel) and 
salinity (lower panel) at 0-50 m 
in the East Icelandic Current 
(Tanganes Stations 2-6).
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4.7 Area 4 -  Bay of Biscay and eastern North 
Atlantic

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

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

O F  T H E  S U B T R O P I C A L  A N T I - C Y C L O N I C  G Y R E ,  C A N  

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

R E L A T I V E L Y  W E A K  A N T I - C Y C L O  N I C  C I R C U L A T I O N .  

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

S Y S T E M ,  C H A R A C T E R I Z E D  BY C O A S T A L  U P W E L L I N G  

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

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

( K N O W N  A S  T H E  I B E R I A N  P O L E W A R D  C U R R E N T )  I N  

A U T U M N  A N D  W I N T E R .

The atm osphere w as very w arm  w ith  respect to 
the long-term  m ean  in  the Iberian Peninsula and 
sou thern  Bay of Biscay in 2011. Overall, the  average 
air tem perature w as in excess of 1.5°C, h igher 
th an  average (referenced to 1961-1990). 2011 also 
stands as one of the w arm est years of the p resent 
cen tu ry  w ith  positive anom alies com parable to 
those recorded in  2003. The seasonal cycle show ed 
a strong anom alous character, w ith  very w arm  
spring and  au tum n seasons and  a relatively cold 
sum m er. SST responded  accordingly, w arm ing

rapidly in  early spring, stabilizing at low er-than- 
norm al values in sum m er, and  rem ain ing  high until 
late autum n.

M oderate w in ter cooling determ ined  the 
developm ent of a norm al w in ter m ixed-layer depth. 
Subsurface structure w as conditioned by stronger 
and  m ore frequent in trusions of sou thern  origin 
w aters th an  norm al, w ith  episodes extending 
well into spring. A  relatively deep sum m er mixed 
layer (salty and  relatively cold) developed as a 
consequence of enhanced  sum m er convection 
and  the prevalent dow nw elling conditions. The 
com bination  of these features, together w ith  
relatively low  precipitation, h igh evaporation, and 
reduced river runoff, resulted  in  very h igh values 
of salinity. Thus, the reduced freshw ater inputs 
during  2011 enhanced  the increasing salinity trends 
observed in 2010.

Below the dep th  of the m axim um  developm ent of 
w in ter m ixed layer, central w aters continued the 
long-term  w arm ing  th a t has been  observed since 
the early 1990s, w ith  a transitory  in terrup tion  of the 
trend  in  2009. A t the dep th  of the M editerranean 
Water, the w ater m ass has show n a w eak freshening 
for the first tim e in  the overall record from the m id- 
1990s.

Data Provider: AZTI and Aquarium of San Sebastian (SOG) 
Ref: ICES Report on Ocean Climate 2011

17.5 Figure 36.
Area 4 -B a y  o f Biscay and eastern 
Atlantic. Sea surface temperature 
(upper panel) and air temperature 
(lower panel) at San Sebastian 
(43°18.5'N 02°2.37’W).
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Figure 37.
Area 4 -  Bay o f Biscay and 
eastern North Atlantic. Potential 
temperature (upper panel) 
and salinity (lower panel) at 
Santander Station 6 (5-300 m).

Figure 38.
Area 4 -  Bay o f Biscay and 
eastern North Atlantic. 2011 
monthly temperature (left panel) 
and salinity (right panel) ai 
Santander Station 6 (5-300 m).
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Ref: ICES Report on Ocean Climate 2011
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4.8 Area 4b -  Northwest European 
continental shelf

Northern coast of Brittany

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

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

B R I T T A N Y ,  F R A N C E .  T H E  A S T A N  S I T E  ( 4 8 . 7 7 ° N  3 . 9 4 ° W )  

I S  L O C A T E D  3 . 5  K M  O F F S H O R E ,  A N D  M E A S U R E M E N T S  

B E G A N  I N  2 0 0 0 .  P R O P E R T I E S  A T  T H I S  S I T E  A R E  

T Y P I C A L  O F  W E S T E R N  C H A N N E L  W A T E R S .  B O T T O M  

D E P T H  I S  A B O U T  6o M ,  A N D  T H E  W A T E R  C O L U M N  I S 

W E L L  M I X E D  M O S T  O F  T H E  T I M E .

In w inter 2011, tem peratures were lower (by -0.84°C 
in January and -0.39°C in February) than  the average 
values at the Astan station. D uring spring and early 
summer, tem peratures higher than  average were 
observed (for example +1.01°C above average in 
May). D uring early and mid-sum mer, tem peratures 
were close to average, becoming lower than  average 
in late sum m er (-0.64°C below average in September) 
due to a particularly cloudy sum m er in 2011. During 
late autum n and early winter, tem peratures became 
higher again than  average due to a mild winter, w ith 
a maximum in December (+0.86°C above average). In 
2011, the salinity cycle w as characterized by values 
h igher th an  usually  observed in  this area (2011 
annual m ean  salinity = 35.291). Since 2000, annual 
m ean  salinity at A stan  w as h igher only in  2005 
(35.324) and  2007 (35.349). The usual late w in te r-  
early spring m in im um  w as very w eak due to low er 
influence of river inputs in the sou thern  W estern 
C hannel. As usually observed in  this area, W estern 
C hannel w aters w ere generally w ell-m ixed over the 
entire w ater colum n. L im ited therm al stratification 
(AT = 0.4°C) w as episodically observed in late 
sum m er (late A ugust-early  Septem ber) during a 
low  w in d -n eap  tide period, favourable to a heating  
of surface w aters.

4 0 /4 1
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Figure 39.
Area 4b -  Northwest European 
continental shelf. Temperature 
(upper panel) and salinity (lower 
panel) o f  surface water at the 
Astan station (48.77°N 3.94°W).
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Figure 40.
Area 4b -  Northwest European 
continental shelf. 2011 monthly 
temperature (left panel) and 
salinity (right panel) o f surface 
water at the Astan station 
(48.77°N 3.94°W).

Data Provider: CNRS -  Observatoire Océanologique de Roscoff -  France
Ref: ICES Report on Ocean Climate 2011
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Western English Channel

S T ATI ON El ( 5 0 . 0 3 ° N  4 - 3 7 ° W)  IS SI TUATED IN TH E  

WESTERN E N G L I S H  C H A N N E L  A N D  IS MAI NLY 

I N F L U E NC E D  BY N O R T H  ATLANTI C WATER.  TH E  

WATER D EP TH IS 75  M,  A ND  THE S TATI ON IS TIDALLY 

I N F L UE N C E D  BY A 1 . 1 - KNOT MAX I MU M  SURFACE 

STREAM AT MEAN S P R I N G  TI DE.  T H E  WATER C O L U M N  

HERE DEVELOPS A S E A S O N A L  T H E R M O C L I N E ,  AS 

STRATI FI CATI ON TYPICALLY STARTS IN EARLY APRIL,  

PERSISTS T H R O U G H O U T  S U M M E R ,  A N D  IS E R O D E D  

BY T H E  E N D  O F  O CT O BE R.  THE TYPICAL D EP TH O F  

T H E  S U M M E R  T H E R M O C L I N E  IS A R O U N D  2 0  M.  TH E  

S T ATI ON IS GREATLY AFFECTED BY AM Bl ENT WE AT HER .  

ME A S U R E M E N T S  HAVE BEEN TAKEN AT T H I S  STATI ON 

S I NC E  T H E  E N D  O F  THE 1 9 T H  CENTURY,  WI TH  DATA 

CURRENTLY AVAILABLE S I N C E  1 9 0 3 . T H E  SERI ES 

IS A L M O S T  U N B R O K E N ,  WI TH G AP S  FOR T H E  T W O  

W O R L D  WARS A N D  BETWEEN I 9 8 5  A ND  2 0 0 2 .  TH E  

DATA TAKE T H E  F ORM O F  VERTICAL P ROFI LES O F  

T E MP ERATURE A N D  SALINITY.  EARLY M E A S U R E M E N T S  

WERE TAKEN WI TH REVERS I NG M E RCU RY I  N- G LASS 

T H E R M O M E T E R S  A N D  DI SCRETE SALI NI TY BOTTLES.  

M O R E  RECENTLY,  EL ECTRONI C E Q U I P M E N T  ( SEABI RD 

CTD)  H AS  BEEN USED.

4 2 /4 3

Figure 41.
Area 4b -  Northwest European 
continental shelf. Temperature 
anomalies (upper panel) and 
salinity anomalies (lower panel) 
o f surface water at Station El 
in the western English Channel 
(50.03°N 4.37°W).

Data Provider: Marine Biological Association and Plymouth Marine Laboratory 
Ref: ICES Report on Ocean Climate 2011
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The tim e-series dem onstrates considerable 
in te ran n u a l variability in  tem pera tu re . In  2011, 
S tation  E l w as sam pled  on  15 occasions, w ith  
no  sam pling  occurring  d u ring  February  and  
D ecem ber. The m inim um  recorded surface 
tem pera tu re  (March) w as 9.02°C, and  the m axim um  
surface tem perature  (August) w as 17.23°C.

The 50 m  tem perature  series show  th a t w ater was 
cooler th an  the long-term  average until March, 
w arm er in April until A ugust, slightly cooler in 
Septem ber and  O ctober, b u t w arm er in  N ovem ber. 
W ith the exception of the surface salinity record in 
January 2011, the year show ed at b o th  the surface 
and  50 m  th a t the w ater colum n w as m ore saline 
th an  average by approxim ately 0.15. This was 
particularly m arked  in autum n.
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Data Provider: Marine Biological Association and Plymouth Marine Laboratory 
Ref: ICES Report on Ocean Climate 2011

Figure 42.
Area 4b -  Northwest European 
continental shelf. 2011 monthly 
temperature (left panel) and 
salinity (right panel) o f surface 
water at Station E l in the western 
English Channel (50.03°N 
4.37°W).
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North and southwest of Ireland

T H E  T I M E - S E R I E S  O F  S U R F A C E  O B S E R V A T I O N S  A T  

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

N O R T H E R L Y  P O I N T  O F  I R E L A N D )  I S  I N S H O R E  O F  

C O A S T A L  C U R R E N T S  A N D  I N F L U E N C E D  BY R U N - O F F .  

T H E  E A R L Y  P A R T  O F  T H E  R E C O R D  B E T W E E N  1 9 5 9  

A N D  2 0 0 6  U S E D  B U C K E T  M E A S U R E M E N T S ,  W H I L E  

T H E  P O S T - 2 O O 7  P E R I O D  H A S  U S E D  A N  E L E C T R O N I C  
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At Malin Head, sea surface tem peratures have been 
increasing since the late 1980s, and  those for the 
m id-2000s w ere the h ighest since records began  in 
1960. In  2011, the sea surface tem perature  anom aly 
at M alin H ead  w as slightly h igher th an  in  2010 and 
rem ains as a positive anom aly  in  the tim e-series. 
A t the M3 buoy, there is considerable in terannual 
variability, w ith  the w arm est recorded sum m er 
tem peratures in  2003 and  2005, and  the w arm est 
w in ter tem peratures in 2007. In 2011, tem peratures 
started  below  the tim e-series m ean  (2003-2011) 
until M arch. Tem peratures w ere above the tim e- 
series m ean  betw een  M arch and May, and  th en  
below  the m ean  values until N ovem ber.

Data Provider: Marine Institute/Met Eireann -  Ireland 
Ref: ICES Report on Ocean Climate 2011

12.0 Figure 43.
Area 4b -  Northwest European 
continental shelf. Temperature at 
the Malin Head coastal station 
(55.39°N 7.38°W).
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Figure 44.
Area 4b -  Northwest European 
continental shelf. 2011 monthly 
temperature at the M 3 Weather 
Buoy southwest o f Ireland 
(51.22°N 10.55°W). No salinity 
data were collected at this 
station.
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Figure 45.
Area 5 -  Rockall Trough. 
Temperature (upper panel) and 
salinity (lower panel) for the 
upper ocean (0-800 m).

4.9 Area 5 -  Rockall Trough

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

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

B A S I N  B Y H A T T O N  A N D  R O C K A L L  B A N K S ,  A N D  

F R O M  T H E  N O R D I C  S E A S  BY T H E  S H A L L O W  ( 5 O O  M )  

W Y V I  L L E —T H O M S O N  R I D G E .  I T  A L L O W S  W A R M  N O R T H  

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

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

W A T E R  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 -  

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

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

I C E L A N D  B A S I N ,  W H I C H  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  S E A  I N F L O W .

A lthough the poten tia l tem perature of the upper 
800 m  rem ains h igher th an  the long-term  m ean, 
the cooling trend  th a t started  after the peak of 
10.09°C in 2006 continues, w ith  a value of 9.52°C 
observed in  M ay 2011. M ore significantly, perhaps, 
the equivalent salinity, th ough  still high, has fallen 
slightly for the first tim e since 2006 from the peak 
of 35.410 in  2010 to 35.398 in  2011. W hether these 
observations m ean  tha t the Subpolar Gyre is 
expanding in  the NE Atlantic again rem ains to be 
seen.
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4.10 Area 5b -  Irminger Sea

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

D U E  T O  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  T H E  L A B R A D O R  S E A  

P R O C E E D S  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  

F R O M  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  D E N M A R K  

S T R A I T  S O U T H W A R D S  A L O N G  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 Subpolar M ode W ater (SPMW) in the centre 
of the Irm inger Sea, in  the pressure interval 200- 
400 dbar, reached its h ighest tem perature  and 
salinity since 1991 in  2004. Since then , tem perature 
and  salin ity  show  w ell-co rre la ted  in te ran n u a l 
variations, w ithou t a clear long-term  trend, 
suggesting  th a t variations in  the w ind-driven  
circulation are the m ain  cause of this hydrographic 
variability.

5.5 Figure 46.
Irm in g er  Sen. 

Tem perature (upper panel)  
an d  s a lin ity  (low er p a n e l)  o f  
Subp o la r  M o d e  W a te r  in the 
central Irm in g er  Sea (averaged  
over 2 0 0 -4 0 0  m).
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Figure 47.
Area 5b -  Irminger Sea. 
Temperature (upper panel) 
and salinity (lower panel) of 
Subpolar Mode Water in the 
northern Irminger Sea (Station 
FX9, 64.33°N 28°W), averaged 
over 200-500 m).
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4.11 Areas 6 and 7 -  Faroe Bank, Faroe Shelf, 
and Faroe-Shetland Channel

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

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

P R O P E R T I E S  A R E  O B S E R V E D  I N  T H E  F A R O E  B A N K  

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

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

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

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

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

F A R T H E R  T O  T H E  E A S T ,  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 ,  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 ,  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  C O N T I N E N T A L  S H E L F .  IT 

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

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

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

Generally, b o th  tem perature  and  salinity in  all 
upper-layer w aters around  the Faroes and  in  the 
F aroe-S hetland  C hannel have increased m arkedly 
during the 1990s and  2000s. A dditionally  the longer 
tim e-series of the Faroe-S hetland  C hannel reveal 
th a t salinity has generally increased, follow ing the 
very low  values recorded during  1975-1980.

A fter the reco rd -h igh  salinities observed in  the 
Faroe Bank C hannel and  the Faroe C urrent in 
N ovem ber 2009, salinities decreased som ew hat in 
2010 and  2011, w hereas tem peratures have been  
very stable since the early 2000s. O n the Faroe Shelf, 
the  annual average tem perature  increased in  2011 
com pared to 2010, and  the spring w as particularly 
w arm , w ith  record-h igh  tem peratures in  M ay 2011. 
C ond itions th u s still rem ain  exceptionally  w arm  
and  saline in  the century-long perspective given 
by the Faroe coastal tem pera tu re  tim e-series, 
although , like all coastal and  shelf tim e-series, this 
is affected by atm ospheric and  terrestrial effects.

The w ater on the w estern  slope of the F aroe- 
Shetland C hannel, know n as m odified N orth  
A tlantic Water, reached record-h igh  tem perature 
and  salinity in  2010. This w ater is though t to have 
passed  into the C hannel from no rth  of the Faroes. 
O n  the eastern  side of the F aroe-Shetland  C hannel, 
b o th  salinity and  tem perature are increasing, and 
record-h igh  tem peratures w ere observed in  2011.
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Figure 48.
Areas 6 and 7 -  Faroe Bank 
Channel. Temperature (upper 
panel) and salinity (lower panel) 
in the Atlantic Water in the Slope 
Current.
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Figure 49.
Areas 6 and 7 -  Faroe Current. 
Temperature (upper panel) and 
salinity (lower panel) in the high 
salinity core o f the Faroe Current 
north o f the Faroes (maximum 
salinity averaged over a 50 m 
deep layer).
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IN  2011 , R E C O R D -H IG H  TEMPERATURES WERE OBSERVED IN THE 

EASTERN PART OF THE F A R O E - S H E T L A N D  C H A N N E L .
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Figure 50.
Areas 6 and 7 -  Faroe Shelf. 
2011 monthly temperature data 
from the Faroe coastal station at 
Oyrargjogu (62.12°N 7.17°W). 
Note the average values were 
calculated from  the nearby 
station at Mykines (69.10°N  
7.66°W).

Data Provider: Havstovan -  Faroe Marine Research Institute 
Ref: ICES Report on Ocean Climate 2011
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Figure 51.
Areas 6 and 7 -  Faroe-Shetland 
Channel. Temperature anomaly 
(upper panel) and salinity 
anomaly (lower panel) in the 
Modified Atlantic Water entering 
the Faroe-Shetland Channel from  
the north after circulating around 
the Faroes.

Data Provider: FRS -  Fisheries Research Services -  Aberdeen -  UK 
Ref: ICES Report on Ocean Climate 2011
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2.0 Figure 52.
Areas 6 and 7 -  Faroe-Shetland 
Channel. Temperature anomaly 
(upper panel) and salinity 
anomaly (lower panel) in the 
Atlantic Water in the Slope 
Current.
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4.12 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  BY 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 W )  A N D  T H E  O C E A N - A T M  O S  P H  E RE 

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  

B E  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 W  

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

D ue to a strong tem perature  drop during N ovem ber 
2010, the w in ter 2010/2011 started  w ith  negative 
m onth ly  SST anom alies up to -0 .9°C . The spatial 
p a tte rn  in  January exhibited strong negative 
anom alies along the N orw egian  and  D anish  coasts 
and  w eaker negative anom alies all over the central 
and  sou thern  N orth  Sea. In M arch, the m onth ly  
m ean  re tu rned  to the long-term  m ean, w ith  still 
som e w eak negative anom alies along the coasts 
of N orw ay and  D enm ark and  positive anom alies 
along the UK coast. M ay w as very w arm , w ith  a 
m onth ly  SST anom aly of +1.2°C. D uring autum n, 
the SSTs exceeded the long-term  m ean, w ith 
positive anom alies over the w hole N orth  Sea area 
and  a m onth ly  anom aly  of +1.4°C in N ovem ber. 
The annually  averaged SST anom aly for 2011 
w as +0.5°C (2010: +0.1°C). Besides the inflow  of 
w arm er A tlantic W ater at the no rth ern  boundary  
and  th rough  the English C hannel, m uch of the SST 
variability is caused by the local ocean-a tm osphere  
hea t flux.

The general late sum m er horizontal tem perature  
distribution of the surface and  bo ttom  layer w as 
com parable to the previous year, w ith  iso therm s 
ru n n in g  approxim ately  from  so u th w est to 
n o rth east. The ribbon of w arm , vertically mixed 
w ater a long the continental coast w as sm aller 
and  about 1°C colder th an  in 2010. Relative to the 
reference period (summer surveys 2000-2010 except 
2002), the surface layer w as up to 1.5°C colder, while 
the bo ttom  layer show ed a heterogeneous pattern , 
w ith  anom alies be tw een  +3.0 and  -1 .5°C . The 
difference betw een  surface and  bo ttom  tem perature 
decreased by 2°C from  10 to 8°C com pared to 2010

in the central N orth  Sea. The vertical tem perature  
gradient varied betw een  0.5 and  2.5°C n r 1. O n 
average, the mixed layer, w ith  a dep th  of 40 m, 
is about 5 m  deeper and  cooler th an  in 2010. 
C om pared to 2010, the total sum m er hea t content 
d ropped  slightly to 1.621 x 1021J and  lies close to the 
average of the reference period (1.626 x 1021J).

A t the surface, the area w ith  a salinity h igher than  
35 w as sm aller com pared to 2009 and  2010, while 
the ribbon of low  saline w ater (salinity below  34), 
parallel to the N orw egian coast, w as m uch broader 
th an  in  m ost of the preceding years, expanding as 
far as 1°E at 60°N. The low  saline w ater occupied 
a m uch larger volum e in  2011 com pared to o ther 
years, causing strong  negative anom alies up to 
-2  relative to the reference period. Southw ards of 
56°N, the 34-isohaline w as located in  a position 
close to the long-term  m ean. The bo ttom  salinity 
sou th  of 56°N w as generally com parable to 2010, 
the ribbon of low  salinity w ater (below 34), parallel 
to the Jutland coast, w as slightly smaller. At 58°N, 
there w as a p ronounced  positive salinity anom aly 
over the N orw egian Trench. In 2011, the m axim um  
vertical expansion of the Baltic outflow  w as about 
30 m, com pared to its m axim um  depth , exceeding 
60 m  in m any previous years. The to tal salt content 
of 1.099 x IO12 t w as the low est since 2001. The 
difference from the m ean  of the reference period 
w as equal to 3.3% of the to tal salt content, m ainly 
caused by the w estw ard extension of the fresher 
Baltic outflow  over the N orw egian  Trench and by 
fresher w ater in the sou thern  N orth  Sea.

D ue to strong  precipitation and  snowfall in  the 
cold w in ter 2010/2011, there w as an  extraordinary 
h igh Elbe River run-off in January and  February, 
w ith  daily m axim a exceeding 3500 m 3 sU  Also, the 
annually  averaged run-off of m ore th an  25 km 3 
y e a r 1 exceeded the long-term  m ean  of 21.6 km 3 
y e a r 1, bu t this is still w ith in  the 95% confidence 
interval of the long-term  m ean.
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Tem perature and  salinity at two positions in  the 
no rth ern  N orth  Sea illustrate conditions in  the 
A tlantic inflow  (Figure 53). The first (Location A) 
is at the near-bo ttom  in the no rthw estern  part of 
the N orth  Sea, and  the second (Location B) is in 
the core of the AW  a t the w estern  shelf edge of 
the N orw egian Trench. M easurem ents are taken  
during sum m er and  represen t the previous w inter's 
conditions. The average tem perature  at Location A

w as 1 -2°C low er th an  at Location B, and  salinity 
w as also slightly lower. In  b o th  locations, there were 
above-average tem peratures and  salinities in 2009, 
an d  there  has b een  an  increase in  b o th  salinities 
an d  tem peratures from 2008. Tem perature at 
Location A  has b een  decreasing since 2009, w hile at 
Location B, it reached a peak  in  2010 and  decreased 
in 2011. Salinity at Location A  rem ained sim ilar in 
2011 as in  2010, bu t d ropped slightly at Location B.

Data Provider: IMR -  Institute of Marine Research -  Norway 
Ref: ICES Report on Ocean Climate 2011
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Figure 53.
Area 8 -  Northern North Sea. 
Modelled monthly mean volume 
transport o f Atlantic Water (AW) 
into the northern and central 
North Sea southwards between 
the Orkney Islands and Utsira, 
Norway (top panel). Observed 
temperature (middle panel) and 
salinity (bottom panel) near 
the seabed in the northwestern 
part o f the North Sea (Location 
A) and in the core o f A W  at 
the western shelf edge o f the 
Norwegian Trench (Location B) 
during summers 1970-2011.
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Figure 54.
Area 8 -  Northern North Sea. 
Temperature anomaly (upper 
panel) and salinity anomaly 
(lower panel) in the Fair Isle 
Current entering the North Sea 
from the North Atlantic.
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Figure 55.
Area 9 -  Southern North
Sea. Annual mean surface
temperature anomaly (upper
panel) and salinity anomaly
(lower panel) at Station Helgoland 
Roads.
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Data Provider: Biologische Anstalt Helgoland
Ref: ICES Report on Ocean Climate 2011

Figure 56.
Area 9 -  Southern North 
Sea. 2010 monthly surface 
temperature (left panel) and 
salinity (right panel) at Station 
Helgoland Roads.
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Figure 57.
Area 9 -  Southern North 
Sea. Normalized sea surface 
temperature anomaly (upper 
panel) and salinity anomaly 
(lower panel) relative to 1971- 
2000, measured along 52°N by 
a regular ferry at six standard 
stations. The time-series shows 
the seasonal section average 
(DJF, M AM , JJA, SON) o f the 
normalized variable.
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Figure 58.
Areas 8 and 9 -  Northern and 
southern North Sea. North 
Sea area-averaged sea surface 
temperature (SST) annual cycle; 
2011 monthly means based on 
operational weekly North Sea 
SST maps.

Data Provider: Bundesamt fuer Seeschifffahrt und Hydrographie 
Ref: ICES Report on Ocean Climate 2011
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4.13 Area 9b -  Skagerrak, Kattegat, and the 
Baltic

T H E  S E A S  I N  A R E A  9 b  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  I S  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  A T  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  B E  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  

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

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

I C E  C O V E R E D  D U R I N G  W I N T E R .

ANOTHER SEVERE ICE SEASON.

O w ing to its central location  relative to  the 
Skagerrak, K attegat, and  Baltic, the w ea ther in 
Sw eden can be taken  as represen tative of the area. 
The w ea th e r in 2011 w as unusually  w arm  and 
w et, especially in  the n o rth e rn  parts. The m ean  air 
tem pera tu re  for the w hole country  w as around  2°C 
above norm al. H igher m ean  values have only b een  
recorded twice since 1860. Temperatures were above 
norm al for all m on ths except February, w hich w as 
colder th a n  norm al. April stood out as be ing  one 
of the w arm est ever in  m ost parts  of Sw eden, and 
in the north , reco rd -h igh  values w ere observed in 
S ep tem ber and  N ovem ber. Several storm s passed 
the region at the end  of the year. In m ost areas, the 
num ber of sun hours w as above norm al.

For the first four m onths, the sea surface 
tem pera tu res w ere generally som ew hat low er 
th a n  norm al. In Skagerrak and  K attegat, sum m er 
tem pera tu res w ere slightly h igher th an  norm al, 
w hile they  w ere close to m ean  values in  the Baltic 
Proper. K attegat w as w arm er th a n  norm al at the 
end  of the year; elsew here, only m inor deviations 
from  m ean  values w ere observed in  the second half 
of the year. Surface salinity w as close to norm al 
m ost of the year in  Skagerrak and  in  the Baltic 
Proper. L ow er-than-norm al values w ere observed 
in K attegat in S eptem ber and  N ovem ber, bu t 
o therw ise, surface salinity w as close to the m ean  
in this area. In the G ulf of B othnia and  G ulf of 
F inland, sea surface tem pera tu re  w as h igher th an  
average in  sum m er and  au tum n. In  sum m er, strong  
upw elling  occasionally cooled the sea surface.
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The deep w aters of the n o rth e rn  Baltic Sea w arm ed 
slightly  from  2004 to  2008, b u t subsequently , 
cooled  back to the tem pera tu res observed before 
2004. The deep -w ater salinity has rem ained  m ore 
or less at the sam e level for the last seven years.

The stomay period at the end of 2011 yielded deep- 
w ater inflows to the Baltic, thereby  im proving 
oxygen conditions in  the deepest parts  of the 
A rkona and  B ornholm  basins.

The ice season 2010/2011 w as even m ore severe 
th a n  th e  previous season  2009/2010, w hich was 
considered the m ost severe since 1987. Large 
areas w ere already ice covered at the start of the 
year, ow ing to  the exceptionally cold D ecem ber
2010. A fter a m ild January, February w as cold, and  
ice cover reached  its m axim um , 300 000 km 2, on 
25 February. B othn ian  Bay, B othnian  Sea, G ulf of 
F inland, and  large parts of the Baltic P roper w ere 
ice covered at th a t tim e. Ice w as also found  along 
the  Sw edish w est coast.

12.0 Figure 59.
Area 9b -  Skagerrak, Kattegat, 
and the Baltic. Surface 
temperature (upper panel) and 
surface salinity (lower panel) at 
Station BY15 (east o f Gotland) in 
the Baltic proper.

—•— Temperature °C 
 5 -y r Smoothed Data

10.0

9.0

8 .0

7.0
Data Provider: SMHI -  Swedish Meteorological and Hydrological Institute 

Ref: ICES Report on Ocean Climate 2011
7.8

—•—  Salinity
 5 -y r Smoothed Data7.6

7.4

7.2

7.0

1970 1980 1990 2000 2010
Y ea r

Data Provider: Swedish Meteorological and Hydrological Institute 
Ref: ICES Report on Ocean Climate 2011

Figure 60.
Area 9b -  Skagerrak, Kattegat, 
and the Baltic. 2011 monthly 
surface temperature (left panel) 
and salinity (right panel) at 
Station BY15 (east o f Gotland) in 
the Baltic Proper.

Averaging Period: 1990-1999
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Figure 61.
Area 9b -  Skagerrak, Kattegat, 
and the Baltic. Temperature 
(upper panel) and salinity (lower 
panel) at Station LL7 in the Gulf 
o f Finland.

Figure 62.
Area 9b -  Skagerrak, Kattegat, 
and the Baltic. Temperature 
(upper panel) and salinity 
(middle panel) at Station SR5 in 
the Bothnian Sea, and ice extent 
in the Baltic starting from 1961 
(lower panel).
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4.14 Area 10 -  Norwegian Sea

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

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

Three sections from  south  to n o rth  in  the eastern  
N orw egian Sea dem onstrate  the developm ent of 
tem perature  and  salinity in the core of the A tlantic 
W ater (AW) at Svinoy, Gimsoy, and  Sorkapp. In 
general, there has b een  an increase in  tem perature 
and  salinity in  all three sections from  the m id-1990s 
to the present. At the Svinoy and  G im soy sections, 
tem perature  and  salinity w ere above long-term  
m eans in  2011 by 0.3°C and  0.06, respectively. The 
h igh salinity values reflect m ore saline AW in the 
F aroe-Shetland  C hannel. There w ere no data  from 
the Sorkapp section in  2011.

Since the late 1990s, O cean  W eather S tation  "M ", 
located at 66°N 2°E, has revealed strong positive 
anomalies of tem perature and salinity at 50 m. Both 
param eters reached their record-h igh  values in 
2010 and  d ropped  slightly in  2011, still rem aining 
well above their long-term  averages. In particular, 
salinity w as significantly above its averaged 
seasonal cycle th rough  the first eight m on ths of
2011.

10.0 Figure 63.
Area 10 -  Norwegian Sea. 
Average temperature (upper 
panel) and salinity (lower panel) 
above the slope at Svinoy Section 
(63°N).
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Figure 64.
Area 10 -  Norwegian Sea. 
Average temperature (upper 
panel) and salinity (lower panel) 
above the slope at Gimsoy 
Section (69°N).
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Figure 65.
Area 10-Norwegian S 
temperature (upper panel) and 
salinity (lower panel) above the 
slope at Sorkapp Section (76°N, 
not updated for 2011).
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Figure 66.
Norwegian Sea. 

Temperature anomaly (upper 
panel) and salinity anomaly 
(lower panel) at 50 m at Ocean 
Weather Station "M" (66°N 2°E).
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Figure 67.
Area 10 -  Norwegian Sea. 2011 
monthly temperature (left panel) 
and salinity (right panel) at 50 m 
at Ocean Weather Station "M " 
(66°N 2°E).
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4.15 Area 11 -  Barents Sea

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

H I G H  V A R I A B I L I T Y  I N  H E A T  C O N T E N T  A N D  I CE  

C O V E R A G E  O F  T H E  R E G I O N .

In 1996 and  1997, after a period  w ith  h igh  
tem pera tu res in the first half of the 1990s, 
tem peratures in  the Barents Sea d ropped  to 
values slightly below  the long-term  average. From 
M arch 1998, tem perature  in the w estern  Barents 
Sea increased to  just above average, w hereas 
tem pera tu re  in  the eastern  part rem ained below  
average during  1998. From the beg inn ing  of 1999, 
there w as a rapid tem perature  increase in  the 
w estern  Barents Sea th a t also spread to the eastern  
part. Since then , tem perature has rem ained above 
average.

The tem perature  of A tlantic w aters in  the Barents 
Sea w as generally 0.1-1.1°C  higher th an  average 
th roughou t 2011, depend ing  on tim e and  location. 
Tem perature anom alies increased by the end  of 
the year. D uring m ost of 2011, salinity at the Kola 
Section w as h igher th an  b o th  the averages of 2011 
(by 0.05-0.10) and  of 2010. In O ctober-D ecem ber, 
salinity anom alies decreased, especially in  coastal 
w aters, w here negative anom alies (dow n to -0.06) 
w ere evident in  N ovem ber and  D ecem ber. In  the 
Kola Section (0-200 m), the 2011 annual m ean  
tem perature  w as about 0.3°C h igher th an  norm al. 
This is typical of w arm  years and  low er th an  
observed in  2010. A nnual m ean  salinity w as h igher 
th an  b o th  the average and  th a t of 2010.

In A ugust-S ep tem ber 2011, surface w aters in  m ost 
of the Barents Sea w ere 1.1-1.9°C  w arm er th an  
usual and 1.7-2.6°C w arm er than  in 2010. The only 
area w ith  negative surface tem perature  anom alies 
w as w est of the Spitsbergen A rchipelago. Arctic 
w aters were, as usual, m ost dom inant at 50 m  north  
of 76°N .The 50 m  tem peratures w ere m ainly h igher 
(by 0.1-0.8°C) th an  norm al, b u t low er (by 0 .1 - 
1.3°C) th an  in  2010. At 100 m  dep th  and  close to the 
bo ttom , only sm all areas w ith  tem peratures below 
-1°C  were observed. Temperatures below  100 m 
were, in general, close to those in  2010, and  still 
above the long-term  m ean  (by 0.2-0.7°C) in  m ost 
of the Barents Sea. T hroughout 2011, ice coverage 
of the Barents Sea w as low er th an  the long-term  
average. C om pared to 2010, it w as low er in  spring 
and  at the end  of 2011 and  above or close to th a t in 
2010 for the rem ainder of 2011.

The volum e flux into the Barents Sea varies w ith  
periods of several years, and  w as significantly 
low er during 1997-2002 th an  during 2003-2006. 
In 2006, the volum e flux w as at a m axim um  during 
w in ter and  very low  during  autum n. A fter 2006, 
the inflow  has b een  relatively low, particularly 
during  spring/sum m er. There has been, how ever, a 
w eak  increasing trend  since 2009, and  the volum e 
flux during the first half of 2011 w as close to the 
1997-2011 m ean. The dataseries presen tly  stops in 
sum m er 2011, thus no inform ation about au tum n 
and  early w in ter 2011 is available. O n  annual tim e- 
scales, the volum e flux and  tem perature  in  the 
inflow ing Atlantic W ater does no t vary in  syncrony, 
and  tem perature  has show n a declining trend  since 
2006, w hich continued into 2011. Thus, since 2009, 
tem peratures have decreased, while the volum e flux 
has w eakly increased.

W ater tem perature  in  the Barents Sea in  2012 is 
expected to be typical of w arm  years and  similar to 
th a t in  2011. In 2013, it is expected to decrease from 
the typical of w arm  years to the typical of norm al 
years, and  will probably average 0.2°C low er th an  
in  2011.

ICE COVERAGE OF TH E BARENTS SEA WAS LOWER T H A N  THE 

LO NG -TERM  AVERAGE.



ICES Report on Ocean Climate 2011

8.0 Figure 68.
Area 11 
Temperature (upper panel) and 
salinity (lower panel) in the 
Fugloya-Bear Island Section.

Barents Sea.
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6 .0 Figure 69.
Area 11 Barents 
Temperature (upper panel) 
salinity (lower panel) in the 
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4.16 Area 12 -  Greenland Sea and Fram 
Strait

F R A M  S T R A I T  I S  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 .  I T  I S  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  ( A W )  E N T E R S  T H E  A R C T I C  

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

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

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 W  A L S O  R E C I R C U L A T E S  

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

Since the G reenland Sea section at 75°N w as no t 
m easured  in  2011, the m ost recent data  originate 
from  2010. In 2010, the tem perature  of A tlantic 
Water (AW) at the eastern rim of the G reenland Sea 
(along the 75°N section, betw een 10° and 13°E), was 
close to the long-term  m ean. A  significant increase 
in  salinity w as observed com pared w ith  2008 and, 
since 2004, the salinity of AW  has rem ained h igher 
th an  its long-term  average. At the w estern  rim  of 
the G reenland  Sea, the tem perature of R eturn 
A tlantic W ater (RAW) w as slightly low er in  2010 
th an  in  2009, w hereas salinity rem ained sim ilar to 
the 2009 value. Both values were close to their long­
term  m eans. In  the G reen land  Gyre, the interface 
w ith  enhanced  tem perature and  salinity gradients 
has steadily descended (by m ore th an  1000 m) since 
the beg inn ing  of m easurem ents in 1993. In recent 
years, the hydrographic situation in  the G reenland 
Sea has b een  characterized by the increasing and 
overw helm ing influence of AW inflow. This trend 
co n tinued  in  th e  w este rn  half of th e  G reen land  
Gyre during 2009, bu t w as in terrup ted  by a 
freshw ater event in  the eastern  half. The m ean  
salinity in  the central G reenland Sea in sum m er 
2010 suggests th a t the h igh-salin ity  in trusion into 
the gyre centre had  already surpassed  its m axim um . 
There w as a tendency  tow ards fresher w aters in the 
gyre centre, b u t salinity was still h igher th an  before 
2004.

In sou thern  Fram  Strait, record-h igh  sum m er 
tem perature  for AW  w as observed in  2006, after 
w hich  bo th  tem perature  and  salinity decreased 
rapidly in 2007 and  2008, before increasing again 
in  sum m er 2009. In 2011, b o th  tem perature and 
salinity w ere above their 16-year m eans. Salinity 
exceeded its last m axim um  in 2006 and  w as the

h ighest observed since the beg inn ing  of the tim e- 
series in  1996. M ean tem perature  at 200 m  at the 
standard  section along 76.50°N (spatially averaged 
betw een  9° and  12°E) w as 3.80°C, thus 0.57°C 
h igher th an  its long-term  m ean . Salinity reached 
35.13, exceeding its 1996-2011 m ean  by 0.068. Both 
tem perature  and  salinity trends for the 1996-2011 
period w ere positive.

In no rth ern  Fram  Strait, at the standard  section 
along 78.83°N, three characteristic areas can be 
distinguished in relation  to the m ain  flows: the 
W est Spitsbergen C urrent (WSC) betw een  the 
shelf edge and  5°E, the R eturn A tlantic C urrent 
(RAC) betw een  3°W  and  5°E, and  the Polar W ater 
in  the East G reenland C urrent (EGC) betw een  
3°W  and  the G reenland Shelf. O nly  in  the W SC 
w ere the spatially averaged m eans of tem perature 
and  salinity h igher in  2011 th an  in 2010, w hile in 
the RAC and  EGC, they  w ere low er th an  the year 
before. D ecreases in  tem perature  and salinity in 
the eastern  RAC overcam e an  increase in  bo th  
properties in the w estern  part, so on average, the 
entire RAC w as colder and  less saline in 2011 th an  
in  2010. Tem perature in  the EGC in 2011 slightly 
decreased in com parison to 2010, w hile spatially 
averaged salinity w as significantly lower, m ostly 
due to the thicker u pper layer of Polar-origin water.

H IG H  S A L IN IT Y  WAS OBSERVED 

I N TH E A TLA N T IC  I N FLOW  TO 

TH E ARCTIC OCEAN A N D  IN  THE 

A TLA N T IC  WATER RETURN I NG 

TO TH E S O U TH .

In 2011, the AW layer in  the W est Spitsbergen 
C urren t above the slope w as deeper com pared 
to th e  previous year. O ver the u pper continen tal 
slope, the iso therm  0°C w as deeper, reaching 
about 1000 m  (com pared to its average dep th  of 700 
m  in 2010). However, the am oun t of w arm  AW in 
the eastern  recirculation area (betw een I o and  5°E) 
decreased in 2011. M axim um  tem perature  of the 
AW  inflow  in the W SC w as h igher in  2011 th an  in 
2010, bu t AW recirculating directly in  Fram  Strait 
w as colder th an  the year before. In sum m er 2011, 
tem peratures of the A tlantic W ater in  the W SC 
core and  in the offshore W SC branch  w ere similar, 
ra ther than  the norm ally w arm er core. The offshore 
b ranch  of W SC w as pronounced  and  reached far 
into the central part of the strait (ca. 1°30'E). The 
recirculating Atlantic W ater extended farther w est
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th an  in  previous years, and  patches of AW w arm er 
th an  3°C w ere observed w est of 3°W. The position 
of the Polar Front betw een the Arctic-derived Polar 
W ater and A tlantic W ater at the surface w as slightly 
shifted eastw ard (from 3°W  in 2010 to around  2°W 
in 2011). The Polar W ater surface layer observed in 
2011 w as thicker than  in  the year before.

Salinity of the AW in 2011 w as h igher th an  in 
2010, particularly in  the W est Spitsbergen C urrent 
and  in  the w estern  recirculation part of Fram 
Strait. Salinity in  2011 w as characterized by a 
dipole structure in the A W -derived layer. H igh 
salinity patterns in the W SC and  in w estern  Fram 
Strait w ere separated  by the low er salinity in  the 
eastern  deep part of the Strait. This situation  w as 
significantly different th an  in  2010 w h en  higher 
salinity w as found in  the continuous layer, alm ost 
reaching to the East G reenland  continental slope. 
It m ay indicate th a t the direct recirculation in  Fram 
Strait w eakened  in  2011, w hile the AW, w hich had  
en tered  the short loop around  the N ansen  Basin in

2006-2007, w as now  re tu rn ing  th rough  the Strait 
tow ards the no rthern  N orth  A tlantic (show ing also 
as the strongest tem perature and  salinity anom aly 
in reference to the long-term  m ean  located in  the 
u pper 500 m  in w estern  Fram  Strait). The w arm  
patches of AW observed in  w estern  Fram  Strait 
around 4°W were also characterized by high salinity, 
resulting  in  a strong  halocline betw een  polar- and 
A tlantic-origin w aters over the continental slope 
east of G reenland.

D ue to lim ited exchange of m oorings in  Fram Strait 
in 2011, the tim e-series of volum e transport can 
only be updated  for the W est Spitsbergen Current. 
The w in ter-cen tred  annual m ean  of the n e t volum e 
transport in  2010-2011 w as 6.0 Sv, the sam e as the 
long-term  m ean  (2002-2009) and  slightly h igher 
th an  in  2009-2010 (5.6 Sv). The w in ter m axim um  
in volum e tran sp o rt w as low er th a n  average, 
b u t in  late w inter/early  spring, a strong inflow 
w as observed in  the W SC. Early sum m er volum e 
transport in  the W SC w as relatively weak.

4.5 Figure 70.
Area 12 -  Greenland Sea and 6 4 /6 5  
Fram Strait. Temperature (upper 
panel) and salinity (lower panel) 
at 200 m in the Spitsbergen 
Section (76.50°N).
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Figure 71.
Area 12 -  Greenland Sea and 
Fram Strait. Temperature (upper 
panel) and salinity (lower 
panel) o f Atlantic Water (AW) 
and Return Atlantic Water 
(RAW) in the Greenland Sea 
Section at 75°N (data to 2010). 
A W  properties are 50-150 m 
averages at 10-13°E. The R A W  
is characterized by temperature 
and salinity maxima below 50 m, 
averaged over three stations west 
o fll.5 °W .
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Figure 72.
Area 12 -  Greenland Sea and 
Fram Strait. Temperature (upper 
panel) and salinity (lower panel) 
in Fram Strait (78.83°N) at 50- 
500 m: in the West Spitsbergen 
Current (WSC; between the shelf 
edge and 5°E), in the Return 
Atlantic Current (RAC; between 
3 °W  and 5°E), and in the Polar 
Water in the East Greenland 
Current (EGC; between 3 °W  and 
the Greenland Shelfi.

Data Provider: AWI -  Alfred Wegener Institute for Polar and Marine Research -  Germany 
Ref: ICES Report on Ocean Climate 2011
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5. DETAILED AREA 
DESCRIPTIONS, PART lis 
THE DEEP OCEAN

5.1 In trod u ction

In this section, we focus on the deeper waters of 
the Nordic seas and the N orth Atlantic, typically 
below 1000 m. The general circulation scheme and 
dom inant water masses are given in Figure 73.

AT T H E  N O R T H E R N  B O U N D A R Y  O F  O U R  R E G I O N  O F  

I NTE R ES T ,  T H E  C O L D  A N D  D E N S E  O U T F L O W  F R O M  T H E  

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

T H E  G R E E N L A N D  S E A .  T H E  O U T F L O W  IS A M I X T U R E  

O F  E U R A S I A N  B A S I N  A N D  C A N A D I A N  B A S I N  D E E P  

W A T E R S  A N D  U P P E R  P O L A R  D E E P  W A T E R  ( U P D W ) .  T H E  

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

O F  ALL N O R D I C  S E A S !  T H E  G R E E N L A N D  S E A  B O T T O M  

W A T E R .  T H E  C A N A D I A N  BASI  N D E E P  W A T E R  A N D  U P D W  

S U P P L Y  T H E  A R C T I C  I N T E R M E D I A T E  W A T E R  I N  T H E  

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

P R O D U C T S  O F  T H E  W I N T E R  C O N V E C T I O N .

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

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

C U R R E N T  IS F E D  BY C O L D  A N D  D E N S E  O V E R F L O W  

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

L A B R A D O R  S E A .  T H E  D E E P E S T  A N D  D E N S E S T  IS T H E  

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

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

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

S E A S  BY W I N T E R  C O N V E C T I O N  A N D  M I X I N G  W I T H  

S U R R O U N D I N G  W A T E R  M A S S E S .  T H  E DE  N M A R K  S T R A I T  

O V E R F L O W  W A T E R  S I N K S  T O  T H E  B O T T O M  AS  IT 

P AS S ES  O V E R  T H E  D E N M A R K  S TRAI T SILL,  V I G O R O U S L Y  

E N T R A I N I N G  A M B I E N T  W A T E R .  D O W N S T R E A M ,  IT IS 

O V E R L A I N  BY AN  I N T E R M E D I A T E  W A T E R  M A S S ,  T H E  

L A B R A D O R  S E A W A T E R ,  F O R M E D  BY D E E P  W I N T E R  

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

LAYER O F  T H E  D E E P ,  C O L D - W A T E R  E X P O R T  I N  T H E  

D E E P  W E S T E R N  B O U N D A R Y  C U R R E N T  IS S U P P L I E D  

BY T H E  I C E L A N D - S C O T L A N D  O V E R F L O W  W A T E R ,  

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

N O R W E G I A N  S E A  ( A R C T I C  I N T E R M E D I A T E  W A T E R  A N D  

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

T H E  I C E L A N D I C  B A S I N ,  T H E  I C E L A N D - S C O T L A N D  

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

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

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

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

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

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

Figure 73.
Schematic circulation o f the 
intermediate to deep waters in the 
Nordic seas and North Atlantic.
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5.2 Nordic seas deep waters

The deep w aters of the G reenland, Iceland, and 
N orw egian seas are all w arm ing. The longest tim e- 
series (N orw egian Sea, A rea 10) reveals w arm ing 
since the mid-1980s; however, a slight decrease in 
tem perature  occurred in 2010-2011. C ontinuous 
w arm ing  has b een  observed in  the G reenland Sea 
deep layer at 3000 m  (Area 12, no data for 2011), 
and  the tem perature increase betw een  2009 and 
2010 w as slightly low er (0.01°C) th an  the average 
annual increase over the past five years (0.014°C). 
W arm ing in  the G reenland Sea w as accom panied 
by a year-to-year increase in  salinity of 0.001. In 
the Iceland Sea, an  increase in  tem perature  in  the 
dep th  range 1500-1800 m  has been  observed since 
the beg inn ing  of the tim e-series (early 1990s), and 
the tem perature in 2011 continued to rise slowly. 
The long-term  w arm ing rates for the last decade 
are 0.134°C (G reenland Sea), 0.06°C (N orw egian 
Sea), and  0.064°C (Iceland Sea) per decade. The 
source of the w arm ing is the deep outflow  from the 
Arctic O cean, a southw ard  current of the Eurasian 
and  C anadian  Basin D eep W aters and  the U pper 
Polar D eep W ater found on the w estern  side of 
Fram  Strait at ca. 2000 m  depth . The G reen land  Sea 
D eep W ater (GSDW) is w arm ing  fastest ow ing to 
its direct contact w ith  this Arctic outflow, w hereas 
the Iceland and  N orw egian seas are w arm ing m ore 
slowly, because they  are products of the m ixing of 
their ow n am bien t w aters w ith  GSDW  and  Arctic 
outflow  water.

The dom ing  structure in the G reen land  Gyre 
is be ing  replaced by a tw o-layered w ater m ass 
arrangem ent, after a cessation of deep convection. 
Since the beg inn ing  of m easurem ents in  1993, the 
w in ter convection d e p th h a s  varied betw een  700 and 
1700 m, and  has only been  significantly deeper in 
sm all-scale convective eddies. In w in ter 2007/2008, 
the m axim um  convection dep th  w as estim ated to 
be 1700 m, deeper th an  the previous year (1200 
m) and  sim ilar to the m axim a observed during 
2001/2002 and  2002/2003. The im port of w arm  and 
saline A tlantic W ater (AW) to the G reenland Sea 
is currently no t balanced by an  im port of cool and 
fresh Polar W aters from the north.

The AW, w hich dom inates changes in the upper 
ocean, took over the form er role of ice production  
as a source of salt and densification in  the context 
of w in ter convection. The inpu t of AW  tends to 
preven t ice form ation and  to vertically hom ogenize 
the w aters ventilated  by convective processes. The 
GSDW  form erly included a sm all adm ixture of 
surface freshw ater th rough  the convective process 
and, therefore, had  a low er salinity th an  the Arctic 
outflow  w aters. The observed increase in  GSDW  
salinity m ay be the result of the continued absence 
of deep convection and  an  increased presence of 
AW  in the u pper layer.

In sum m er 2009, in the G reenland Gyre, the usual 
relatively hom ogenous pool, m ixed by previous 
w in ter convection, w as replaced by a distribution 
of w ater m asses w ith  h igher salinity in  the w estern  
part of the gyre and  fresher w aters in its eastern  
part. This m ade it difficult to com pose a reliable 
m ean  profile for the gyre centre and, consequently, 
because of the lack of a 2009 m ean  profile for 
com parison w ith  the 2010 m ean  profile, it w as no t 
possible to provide an  unam biguous estim ate of the 
convection dep th  in  w in ter 2009/2010. Therefore, 
tw o possible convection dep ths w ere obtained  (see 
Figure 77), depend ing  on a choice of the 2009 m ean  
profile. N o data are available for w in ter 2010/2011.

It is unclear w hether there has been  any 
co rrespond ing  salin ity  tren d  in  e ither the 
N orw eg ian  or the Iceland Sea D eep W aters in 
recent decades. A fter som e decrease in  the early 
1990s, salinity in N orw egian Sea deep basins has 
rem ained  relatively stable for the past decade. In 
the  Iceland  Sea, salin ity  in  th e  deep  layer has b een  
decreasing  slightly since 2009 (after be ing  stable 
for nearly  a decade), bu t in  2011, there w as a slight 
increase.
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Figure 74.
Area 12 -  Greenland Sea and 
Fram Strait. Temperature (upper 
panel) and salinity (lower panel) 
at 3000 m in the Greenland Sea 
Section at 75°N (data to 2010).
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Figure 75.
Area 3 -  Icelandic waters. 
Temperature at 1500-1800 m in 
the Iceland Sea (68°N 12.67°W).
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-0.80 Figure 76.
A rea  10 -  N orw eg ia n  Sea. 
Tem perature (upper panel) an d  
sa lin ity  (tow er panel) a t 2 0 0 0 m  
a t Ocean W ea th er  S ta tion  " M ” 
(6 6 ° N  2°E).
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Figure 77.
Area 12 -  Greenland Sea and 
Fram Strait. Winter convection 
depths in the Greenland Sea 
Section at 75°N (data to 2009; 
note that due to the unambiguous 
convection depth in winter 
2009/2010 two values are 
provided for this period).
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Figure 78.
Area 7 -Faroe-Shetland Channel. 
Temperature (upper panel) and 
salinity (lower panel) at 800 m.

5.3 North Atlantic deep waters

In the deep layers of the F aroe-S hetland  C hannel 
(Area 7), the properties at 800 m  reflect those of the 
N orw egian Sea D eep W ater as it passes th rough  
the C hannel back into the N orth  A tlantic. After 
a period of decline in  the 1990s, tem perature  has 
increased since 2000, b u t still rem ains low er than  
the h ighest tem peratures observed in  the 1950s, 
1960s, and  early 1980s. The relatively stable salinity 
in the first period  of m easurem en ts (1950 to m id- 
1970s) w as follow ed by a slow decline over the next 
tw o decades; since the m id-1990s, it has b een  m ore 
stable.

Salinity and  potential tem perature of the D enm ark 
Strait O verflow  W ater (DSOW) n ear Cape Farewell 
show ed correlated in terannual variations betw een  
1991 and  2007 (correlation = 0.7). However, after 
2007, changes in  tem perature and  salinity of the 
D SO W  broke th is rule, and  the correlation was 
reduced to about 0.5.This im plies th a t less th an  30% 
of the variance in  the salinity can be explained by 
the variance of the tem perature  variability. D ensity  
of the D SO W  hardly changes on long tim e-scales.

M easurem ents w ith  m oored  instrum en ta tion  have 
dem onstrated  th a t tem perature and  density  m ainly 
vary at an  annual tim e-scale, possibly forced by 
w ind-driven  processes near D enm ark Strait.

In the N orth  A tlantic D eep W ater (NADW), 
m onitored  at Cape D esolation Station 3 (at 2000 
m), w hich represents the W est G reenland and 
D eep W estern B oundary currents, an increase in 
tem perature  and  salinity w as observed betw een  
1984 and 1989, followed by a cooling and freshening 
trend  th a t continued until the late 1990s, w hen  
tem perature  and  salinity reached their m inim a 
in 1998 and  1997, respectively. Since 1997, an 
increase in  tem perature (~0.3°C decade-1 ) and, 
since 1998, an  increase in  salinity (-0.05 decade-1) 
have been  observed again. The positive trends w ere 
observed until 2007, after w hich the tem perature  
of the N ADW  has b een  decreasing and  salinity 
has rem ained relatively stable. This decrease in 
the NADW  tem perature  continued in  2010, and 
tem perature  re tu rned  to its long-term  m ean  value. 
In 2011, tem perature  increased again and  reached 
the value of 2007. Salinity show ed only a tiny 
decrease since 2008, b u t w as still above average.
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Figure 79.
A rea  5b -  In n in g e r  Sea. 
Tem perature (upper panel; au d  
sa lin ity  (low er pauel) iu D enm ark  
S tra it O verflow  W a ter  on the E ast  
G reenland Slope.

Data Provider: Koninklijk Nederlands Instituut voor Zeeonderzoek (NIOZ) 
-  Royal Netherlands Institute for Sea Research 
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Figure 80.
Area 1 -  West Greenland. 
Temperature (upper panel) and 
salinity (lower panel) at 2000m  
at Cape Desolation Station 3 in 
the West Greenland Current.
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Figure 81.
Area 2b -  Labrador Sea. 
Temperature anomaly (upper 
panel) and salinity anomaly 
(lower panel) o f Labrador Sea 
Water (averaged over 1000-1800 
m).

5.4 North Atlantic intermediate waters

In the L abrador Sea, tem perature  and  salinity, 
averaged betw een  1000 and  1800 m, have been  
continuously  increasing since the ir m inim a in 
the early 1990s. In 2011, tem peratu re  reached its 
previous m axim um  observed in 1970. Salinity w as 
still low er th an  the record h igh  in  1970, bu t since 
2007, it has rem ained  h igher th a n  its long-term  
average.

A  cold and  low -salinity  core w as observed betw een  
1600 and  2000 m  in the central Irm inger Sea (Area 
5b) during  the early 1990s. This w as the result of 
the presence of deep Labrador Sea W ater (LSW) 
form ed in  the period 1988-1995. Since sum m er 
1996, tem perature  and salinity of this LSW  core 
have been  increasing as a result of m ixing w ith  
su rrounding  w ater m asses. The increases levelled 
off in  2001-2002, th en  slowly began  to rise again.

In 2009, tem p era tu re  reached  a m in im um  as a 
resu lt of the tem porary  presence of a cold LSW 
core form ed in  2008. The h ighest tem perature  and 
salinity since 1990 w ere observed in 2011.

In the Rockall Trough (Area 5), the dom inant 
w ater m ass below  about 1500 m  is L abrador Sea 
W ater (LSW), w hich usually  has its m axim um  
concentration  located betw een  1700 and  2000 
m. East of the A nton  D ohrn  Seam ount, this LSW 
peak tends to be characterized by a m inim um  in 
salinity and  po ten tia l vorticity, a lthough  its patchy 
tem poral d istribution  (possibly due to aliasing of 
m esoscale eddies) results in  a noisy year-on-year 
signal. Potential tem perature  (3.47°C) and  salinity 
(34.926) rem ain  cooler and  fresher th an  the long­
term  m ean  values. N evertheless, the tem perature  of 
LSW  since 2009 is still about 0.2°C w arm er th an  the 
coolest period since records began  in  1975 (from 
2001 to 2007).
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Figure 82.
Area 5b -  Irminger Sea. 
Temperature (upper panel) 
and salinity (lower panel) of 
Labrador Sea Water 
over 1600-2000 m).
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Figure 83.
Area 5 -  Rockall Trough. 
Temperature (upper panel) and 
salinity (lower panel) o f Labrador 
Sea Water (averaged over 1800- 
2000 m).
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