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1. INTRODUCTION

The N orth  A tlantic region is unusual in  having 
a relatively large num ber of locations at w hich 
oceanographic data have repeatedly  b een  collected 
for m any years or decades; the longest records go 
back m ore th an  a century. In  this report, we provide 
the very latest inform ation from  the ICES Area of the 
N orth  A tlantic and  N ordic Seas, w here the ocean 
is currently m easured  regularly. We describe the 
status of sea tem perature and  salinity during  2007, 
as w ell as the observed trends over the last decade 
or longer. In the first part of the report, w e draw  
together the inform ation from the longest tim e- 
series in  order to give the best possible overview of 
changes in  the ICES Area. T hroughout the report, 
additional com plem entary datasets are provided, 
such as sea level pressure (SLP), air tem perature, 
and  ice cover.

This is the ten th  edition of the annual ICES Report 
0 1 1  Ocean Climate (previously titled the ICES Annual 
Ocean Climate Status Summanj), and  we have 
continued to develop the contents. The m ain  focus 
of the report is the observed variability in  the upper 
ocean (the upper 1000  m), and  the introductory 
section includes operational m odel ou tpu t from 
the Coriolis C entre, France, w hich assim ilates data 
from  the ARGO float program m e and  satellites. 
We have expanded and  slightly reorganized the 
section, describing changes in  the deeper layers of 
the ocean. In this edition, w e include, for the first 
tim e, a long tim e-series from  the w estern  English 
C hannel, courtesy of P lym outh  M arine Laboratory, 
UK. In addition  to these new  datasets, we continue 
to update  the m any tim e-series th a t have been  
diligently reported  for m any years to the ICES 
W orking G roup on O ceanic Hydrography.

The data p resen ted  here represen t an accum ulation 
of know ledge collected by m any individuals and 
institu tions th rough  decades of observations. It 
w ould  be im possible to list them  all, b u t at the 
end  of the report, we provide a list of contacts for 
each dataset, including e-m ail 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 th a t form  the 
tim e-series p resen ted  in  th is report can be found 
in the annual m eeting  reports of the ICES W orking 
G roup on O ceanic H ydrography at www.ices.dk/ 
icesw ork/w gdetail.asp?w g=W G O H .

1.1 H ighlights for 2007

The u pper layers of the N orth  A tlantic and  Nordic 
Seas rem ained  exceptionally w arm  and  saline in 
2007, com pared w ith  the long-term  average. The 
largest anom alies w ere observed at h igh latitudes.

The N orth  Sea, Baltic Sea, and  Bay of Biscay had  an  
unusually  w arm  w in ter and  spring as a result of a 
com bination  of stored heat from  the w arm  au tum n 
in  2006 and  h igh solar radiation  in  2007.

The trend  in the past decade (1996-2006) has been  
of w arm ing  and  increasing salinity in  the upper 
ocean.Tem perature and  salinity have b een  relatively 
stable since 2004.

1.2 The North Atlantic atmosphere in  
winter 2006/2007

The Iceland Low  and  Azores H igh w ere b o th  
stronger th an  norm al, and  the centre of the Iceland 
Low  w as displaced tow ards the sou thern  Labrador 
Sea.

The m ean  m id-latitude w esterly  w inds w ere 
stronger th an  norm al.

Across the m id -N orth  A tlantic, w in ter surface air 
tem peratures w ere generally near norm al. Farther 
no rth  and  away from the inflow  to the N ordic Seas, 
surface air tem perature  w as generally m ore th an  
1°C w arm er than  norm al.
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NORTH ATLANTIC UPPER OCEAN TEMPERATURE OVERVIEW

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 above normal). The upper maps show conditions in 2007; data on the left are from  in situ observations; 
2007 anomalies on the right are calculated from  OISSTv2 data (see Figure 3); the lower panels show time-series o f  normalized anomalies at each of 
the selected stations (colour intervals 0.5; reds are positive/warm, and blues are negative/cool). See Figure 9 for a map showing more detail about the 
locations in this figure.
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NORTH ATLANTIC UPPER OCEAN SALINITY OVERVIEW
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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). The map (upper panel) shows conditions in 2007; the lower panels show time-series o f normalized anomalies 
at each o f the selected stations (colour intervals o f 0.5; orange are positive/saline, green are negative/fresh). See Figure 9 for a map showing more detail about the locations in this figure.
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2. SUMMARY OF UPPER OCEAN 
CONDITIONS IN 2007

In  this section, w e sum m arize the conditions in 
the upper layers of the N orth  A tlantic during 
2007, using  data from  a selected set of sustained 
observations and  additional data products (gridded 
sea surface tem perature  (SST) data and  sum m aries 
from  ARGO floats).

W here in situ data are p resen ted  in  the sum m ary 
tables and  figures, norm alized anom alies have been  
p resen ted  to allow  b e tte r 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 standard  deviation 
of the data during 1971-2000. A  value of +2 thus 
represen ts data  (tem perature or salinity) at 2 
standard  deviations h igher th an  norm al.

Sea surface tem peratures across the entire N orth  
A tlantic have also b een  obtained  from a com bined 
satellite and in situ gridded dataset. Figure 3 show s 
the annual and  seasonal SST anom aly for 2007, 
extracted from the O ptim um  Interpo la tion  SSTv2 
dataset provided by the NOAA-CIRES Climate 
D iagnostics C enter in  the US. 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 for >50% of the 
averaging period are left blank.

M aps of tem perature, salinity, and  w in ter m ixed- 
layer dep th  in  the N orth  A tlantic have been  prepared 
using  in situ data including the new ly expanding 
d ataset from the ARGO float p rogram m e.T he upper 
layer tem perature anom alies for 2007 com pare well 
w ith  those obtained  using  OISSTv2 data  (Figure 1). 
These m aps (Figures 4 and  5) offer a m ore detailed 
overview of conditions th an  can be obtained  from 
satellite observations and  provide the spatial context 
to com pare w ith  the in situ tim e-series.

T H E  U P P E R  LAYERS  O F  T H E  N O R T H  

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

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

T H E  L O N G - T E R M  A V E R A G E .

“ 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  ( 1 0 - 1 0 0  

Y E A R S ) .  M O S T  M E A S U R E M E N T S  ARE M A D E  1 - 4  T I M E S  

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

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

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  VA R I A B L E S  AT T H A T  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  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  S H O R T - T E R M  

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

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

ARE U S U A L L Y  M U C H  L A R G 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 .

Below .
Frozen lights on the EV "Polarstern" in Fram Strait. Image courtesy o f A. Beszczynska-Möller, AW I, Germany.
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1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

1(12) -0.25 0.68 0.06 0.60 -1.52 0.32 1.22 0.04 0.04 3.50
2(1 ) 1.27 0.75 1.34 1.56 -0.51 2.46 1.30 1.41 1.09 0.27
3 (2b) 1.35 1.55 0.33 0.67 0.64 2.56 1.09 1.60 1.51 1.10

4(2 ) -0.04 1.18 1.15 1.25 0.68 1.18 2.94 1.97 3.26 0.01
5 (2c) -0.80 1.14 1.59 1.20 0.54 -0.13 -0.56 -0.83

6 (2c) 0.86 2.29 0.47 1.84 3.11 -0.32 -2.24 -1.59 1.36 -0.11
7(2 ) -1.79 -0.22 0.22 0.11 0.09 0.37 0.36 0.11 0.30 -1.53

8(2 ) -0.03 0.75 3.55 -0.31 0.14 -1.77 -1.01 -0.02 0.88 -0.41
9(3 ) -0.11 0.84 1.02 0.07 -1.19 2.11 0.94 0.44 0.05 0.61
10(3 ) -0.34 0.08 -0.44 -0.49 -1.04 1.54 0.39 -0.16 0.14 -0.44

11(3 ) 2.57 0.95 0.53 0.70 0.49 1.89 1.84 2.58 1.68 1.26
12 (4b ) 1.60 1.38 1.38 0.50 1.38 1.82 2.69 2.48 2.26
13(5 ) 0.47 1.23 0.50 0.09 1.58 1.94 2.18 2.95 2.35
14 (5b ) 1.37 0.26 1.24 1.04 1.11 2.72 1.58 1.22 2.01
15(6 ) 1.24 -0.07 0.34 0.86 0.89 2.75 2.43 1.53 2.58 2.34
16(6 ) 1.42 0.41 0.49 0.45 0.74 2.37 1.96 1.50 1.59 1.92

17(7 ) 0.64 0.66 0.32 0.32 2.17 3.72 3.16 2.27 2.59 2.85
18(7 ) 0.71 1.07 1.17 1.83 2.72 3.12 2.72 2.45 2.92 2.56

19(10) 1.39 1.97 1.69 1.18 1.85 2.21 2.57 1.39 2.45 0.97
20(10) 1.42 0.21 1.81 1.52 3.41 2.95 1.70 1.35 2.59 3.59

21 (10) 0.72 1.39 0.87 1.37 0.77 1.82 1.67 1.82 2.34 1.27
22(11 ) 0.08 1.09 0.70 0.39 0.89 0.69 1.32 1.44 1.99 1.78
23(11 ) -0.57 0.64 1.47 1.16 1.03 0.48 1.79 1.86 2.39 2.10
24(12) -1.01 -0.21 0.12 0.13 -0.08 -0.68 0.50 1.10 2.13 1.04
25(10) -0.10 0.37 0.03 0.58 0.15 0.81 1.54 1.73 0.95
26(12) -0.93 1.07 0.34 1.45 0.95 1.03 2.29 2.33 3.71 2.74
27(4 ) 1.00 0.10 -0.26 -0.27 -0.29 0.13 -0.20 -1.13 -0.17 0.92
28 (8&9) 1.15 0.95 0.89 1.16 2.11 2.71 2.02 1.43 1.80 1.41

29 (8&9) 0.19 0.74 0.60 0.49 0.69 0.84 0.68 0.17

30 (8&9) 0.90 0.10 0.74 0.54 0.95 0.70 0.34 0.17 0.20 0.78

31 (8&9) 0.40 1.47 0.97 0.95 1.66 1.17 0.95 1.15 1.43

3 2 (9b ) -0.55 0.83 0.99 2.34 0.24 0.80 1.44 1.83 1.83

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

1(12) -0.04 0.78 -0.94 0.69 -1.40 0.42 0.51 1.78 1.69 2.01
2(1 ) 0.27 0.30 0.24 1.33 -1.69 1.30 0.75 1.24
3 (2b) 0.72 -0.41 0.61 0.17 0.63 0.54 1.20 1.02 0.60 0.80
4(2 ) 0.33 -0.45 0.41 -0.87 1.15 0.54 0.95 0.99 0.91 0.99
5 (2c)

6 (2c) -2.26 -0.03 0.44 -0.11 1.01 0.50 -0.67 -2.02 -0.76 0.37
7(2 ) -2.34 0.37 0.53 0.25 -0.22 0.84 0.30 0.43 0.69 -1.11

8(2 ) 1.15 0.36 -0.97 0.12 -0.70 -1.15 -1.16 -1.73 -0.29 0.02
9(3 ) -0.48 0.95 0.56 0.61 -0.48 1.14 0.81 0.02 -0.09 -0.09
10(3 ) -1.33 0.19 0.59 0.34 -0.12 0.29 0.35 0.18 0.70 0.69

11(3 ) 1.98 1.44 0.79 0.66 0.78 2.03 1.89 2.77 1.89 1.89
12 (4b )
13(5 ) 1.41 1.25 0.66 0.67 2.07 1.93 1.69 1.27 0.32
14 (5b ) 1.53 0.10 0.70 1.37 0.54 2.45 1.84 1.53 1.72

15(6 ) 1.10 0.61 0.70 0.54 0.57 2.16 2.37 1.92 1.41 1.62
16(6 ) 1.07 0.93 0.67 0.63 0.83 2.02 1.73 2.15 1.46 1.58

17(7 ) 1.54 1.05 0.42 0.77 1.95 2.66 2.92 2.42 1.85 1.60
18(7 ) 0.65 1.08 1.11 1.34 1.71 2.05 2.08 1.99 1.65 0.91
19(10) 0.81 0.81 0.81 1.05 1.05 2.01 2.25 1.05 1.42 0.55
20(10) 0.85 0.34 0.89 0.49 1.27 1.49 1.47 1.27 1.22 1.42
21 (10) 0.65 0.85 0.51 0.56 0.49 1.48 1.52 1.95 1.88 1.12
22(11 ) -0.10 0.56 0.16 0.06 0.34 0.72 1.55 1.51 2.00 1.64

23(11 ) 0.28 -0.05 0.12 -0.72 -0.22 0.95 1.95 0.95 0.95 1.62
24(12) -1.02 -0.74 -0.32 0.13 0.17 -0.18 0.50 1.41 1.89 1.42
25(10) -0.55 0.20 -0.11 0.57 0.29 0.94 1.76 2.00 1.63

26(12) -0.38 1.51 0.38 1.89 1.51 1.51 1.89 3.40 4.15 2.23
27(4 ) 1.26 0.58 -0.34 -1.68 -0.19 -0.70 -0.50 -0.02 0.82 0.73

28 (8&9) 0.78 0.22 -0.94 -1.09 0.05 1.24 1.27 0.66 0.03 0.40

29 (8&9)
30 (8&9) 0.86 0.63 0.28 -0.59 -1.52 -0.56 0.16 0.12 0.53 -0.41

31 (8&9) 1.13 0.55 0.04 -0.95 -0.27 0.60 0.44 0.27 1.01

3 2 (9b ) -1.44 -2.02 -1.11 -1.98 -1.48 -1.77 -1.40 -0.99 -1.69 -0.94

3 Tables 1 and 2.
Changes in temperature (Table 1, 
top) and salinity (Table 2, bottom) 
at selected stations in the North 
Atlantic region during the past 
decade. The index numbers on the 

2 left can be used to cross-reference 
each point with information in 
Figures 1 and 2 and Table 3. 
The numbers in brackets refer to 
detailed area descriptions later in 
the report. Unless specified, these 
are upper layer anomalies. The 

1 anomalies are normalized with 
respect to the standard deviation 
(e.g. a value o f +2 indicates that 
the data (temperature or salinity) 
for that year was 2 standard 
deviations above normal). Blank 
boxes indicate that no data were 

0 available for that particular year 
at the time o f publication. Note 
that no salinity data are available 
for regions 5,12, and 29.
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W n er  - 2007

Sum m er - 2007 Autumn - 2007

Figure 3.
M aps o f seasonal sea surface 
temperature anomalies (°C) 
over the North Atlantic for  
2007 from the N O AA Optimum 
Interpolation SSTv2 dataset 
provided by the N O AA-CIRES 
Climate Diagnostics Center, US. 
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 one-degree grid 
from a combination o f satellite 
and in situ temperature data. 
Regions with ice cover for >50% 
o f the averaging period are left 
blank.
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Table 3. Details o f  the datasets included in Figures 1 and 2, and Tables 1 and 2. Blank boxes indicate areas for which information was unavailable at the time o f publication.

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

i Fram Strait -  East Greenland Current 
Section Average 3°W to  shelf edge

12 50-500 m 1980-2000 78.83 -8.00 0.58 0.39 34.67 0.11

2 Station 4 -  Fylla Section -  
Greenland Shelf

1 0 -200  m 1971-2000 63.88 -53-37 2.86 1.03 33.56 0.33

3 Section AR7W -  Central Labrador Sea 2b 0-150 m 1990-2000 57-73 -51.07 3-49 0.42 34.68 0.08

4 Station 27 -  Newfoundland 
Shelf Temperature -  Canada

2 0-175 m 1971-2000 47-55 -52-59 0.27 0.33 31.63 0.24

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

2C Surface 1978-2000 39.00 -71.50 0.86

6 Georges Bank -  Mid-Atlantic Bight USA 2C 0-30 m 1977-2000 42.00 -70.00 9.78 0.42 32.65 0.23

7 Emerald Bank -
Central Scotian Shelf -  Canada

2 Near Bottom 1971-2000 44.00 -63.00 1.20 0.23

8 Misaine Bank -
Northeast Scotian Shelf- Canada

2 Near Bottom 1971-2000 45.00 -59.00 0.65 0.16

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

3 50-150 m 1971-2000 67.00 -18.00 3-34 1.09 34.82 0.19

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

3 0-50 m 1971-2000 67.50 -13.50 1.24 0.95 34.70 0.14

il Selvogsbanki Station 5 -  
Southwest Iceland -  Irminger Current

3 0 -200  m 1971-2000 63.00 -22.00 7.58 047 35-15 0.05

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

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

5 0 -8 0 0  m 1975-2000 56-75 -11.00 9.21 0.32 35-33 0.03

14 Central Irminger Sea -  
Subpolar Mode Water

5b 200-400 m 1991-2005 59.40 -36.80 3-99 0.55 34.88 0.03

15 Faroe Bank Channel -  
South Faroe Islands

6 Upper layer high 
salinity core

1988-2000 61.00 -8.00 8.23 0.32 35.24 0.04

i6 Faroe Current -  North Faroe Islands 
(Modified North Atlantic Water)

6 Upper layer high 
salinity core

1988-2000 63.00 -6.00 7.92 0-37 35.22 0.04

17 Faroe Shetland Channel -  
Shetland Shelf (North Atlantic Water)

7 Upper layer high 
salinity core

1971-2000 61.00 -3.00 9-57 0.15 35.36 0.03

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

7 Upper layer high 
salinity core

1971-2000 61.50 -6.00 7.87 0.22 35.22 0.04

19 Ocean W eather Station "Mike” -  50 m 10 50 m 1971-2000 66.00 -2.00 741 0.33 35-15 0.04

20 Southern Norwegian S ea- 
Svin0y Section -  Atlantic Water

10 50-200 m 1978-2000 63.00 3.00 7.84 0.28 35.22 0.05

21 Central Norwegian Sea -  
Gims0y Section -  Atlantic Water

10 50-200 m 1978-2000 69.00 12.00 6.67 0.40 35-14 0.04

22 Fugl0ya-Bear Island Section-  
W estern Barents Sea -  Atlantic Inflow

11 50-200 m 1977-2006 73.00 20.00 5-35 0.52 35.06 0.04

23 Kola Section -  Eastern Barents Sea u 0 -200  m 1971-2000 71.50 33.30 3.92 0.49 34.76 0.06

24 Greenland Sea Section-  
West of Spitsbergen 76.5°N

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

25 Northern Norwegian Sea -  
S0rkapp Section -  Atlantic Water

10 50-200 m 1977-2000 76.33 10.00 3.80 0.71 35-05 0.05

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

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

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

4 5-200 m 1993-2000 43.70 -3.78 13.13 0.41 35-59 0.08

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

8 & 9 0-100 m 1971-2000 59.00 -2.00 9.67 0.34 34.88 0.08

29 UK Coastal Waters -  
Southern Bight -  North Sea

8 & 9 Surface 1971-2000 54.00 0.00

30 Section average -  Felixstowe -  
Rotterdam -  52°N

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

31 Helgoland Roads -  Coastal Waters -  
German Bight North Sea

8 & 9 Surface 1971-2000 54-19 7.90 10.10 0.72 32.11 0.54

32 Baltic Proper -  East of Gotland -  
Baltic Sea

9b Surface 1971-2000 (S) 
1990-2000 (T)

57-50 19.50 8.57 1.05 7-35 0.24

ICES R eport on  Ocean C lim ate 2007

2007 anom aly PSAL. 10m 2007 anom aly TEMP, 10 n
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2007 anom aly PSAL. 300m

MWÍ
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S* 'W

2007 anomaly PSAL, 1000m

Figure 4.
M aps o f North Atlantic salinity (left column) and temperature (right column) at 10 m, 300 m, and 1000 m. Anomalies are differences between 2007 data and climatology. These products 
are generated by the Coriolis Operational Oceanography Centre, which compiles in situ (including Argo float temperature and salinity profiles) and satellite data into an ocean circulation 
model. Maps provided by Fabienne Gaillard, www.coriolis.eu.org/default.htm.
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Mixed layer depth, 2Q04-02

Mixed layer depth, 20G3.'02

» 'W

Mixed layer depth, 2005,'02

V. M
Mixed layer depth, 2007.'02

» 'W

Figure 5.
Maps o f North Atlantic winter (February) mixed-layer depths, 2002-2007. These products are generated by the Coriolis Operational Oceanography Centre, which compiles in situ data 
(including Argo float temperature and salinity profiles) and satellite data into an ocean circulation model. Maps provided by Fabienne Gaillard, www.coriolis.eu.org/default.htm.
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3. THE NORTH ATLANTIC 
ATMOSPHERE

3.1 North Atlantic Oscillation

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 indspeed, 
precipitation, evaporation, and  the exchange of 
hea t be tw 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 streng th  of the sea 
level air pressure gradient be tw een  Iceland and 
the Azores. W hen  the NAO index is positive, there 
is a streng then ing  of the Icelandic low -pressure 
system  and  the Azores 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 ten d  to be reversed.

There are several slightly different versions of the 
NAO index calculated by climate scientists. The 
H urrell w in ter (DJF) NAO index is m ost com m only 
used  and  has particular relevance to the eastern  
N orth  Atlantic. Following a long period of increase, 
from  an extreme and  persisten t negative phase in 
the 1960s to a m ost extreme 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  the w in ter p receding 1996. Since 
then , the H urrell NAO index has b een  fairly 
w eak  and  a less-useful descriptor of atm ospheric 
conditions. In w in ter 2007, the NAO index was 
strongly positive.
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T H E  O C E A N  C A N  R E S P O N D  Q U I C K L Y  T O  T H E  S TATE 

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

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

I N T E N S E L Y T H A T T H E  E F F E C T S  ARE FELT T H  R O U C H O U T  

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

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

R E S P O N S I V E  T O  T H E  N A O  T H A N  O T H E R  R E G I O N S ,  

S U C H  AS  T H E  R O C K A L L  T R O U G H .  H O W E V E R ,  T H E  N A O  

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

O N  O C E A N  VA RI AB I L I T Y.  O V E R  T H E  A T L A N T I C  AS  A 

W H O L E ,  T H E  N A O  STI L L  O N L Y  A C C O U N T S  F O R  O N E -  

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

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

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

O F  S T R O N G L Y  P O S I T I V E  O R  N E G A T I V E  N A O  W I N T E R S ,  

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

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

I D E A L I Z E D  N A O  P A T T E R N .
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Figure 6.
The Hurrell winter (DJF) NAO  
index for thepasi 100 years with 
a two-year running mean applied 
(leftpanel) and the current decade 
(right panel). Data source: http:// 
www.cgd.ucar.edu/cas/jhurrell/ 
indices.html.
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The NAO index is an indicator of the gradient of 
SLP, bu t m aps can provide m ore inform ation about 
the w indfield. W inter conditions dom inate  the 
ocean properties in  particular; therefore, Figure 
7a show s m aps of SLP in w in ter (D ecem ber/ 
January/February/M arch (DJFM )).The top panel in 
Figure 7a show s the w in ter SLP averaged over 30 
years, 1971-2000. The dom inan t features ("action 
centres") are the Iceland Low (the purple patch  
situated  sou thw est of Iceland) and  the Azores H igh 
(the orange patch  w est of G ibraltar).

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

W E R E  M O S T L Y  S T R O N G E R  T H A N  

N O R M A L .

The m iddle panel in Figure 7a show s the m ean  SLP 
for w in ter 2007 (D ecem ber 2006, January-M arch 
2007), and  the bo ttom  panel show s the 2007 w inter 
SLP anom aly -  the difference betw een  the top  and 
m iddle panels. In  w in ter 2007, bo th  the Iceland Low 
and  the A zores H igh w ere stronger th an  norm al 
(lower pressure in  the Iceland Low and  higher 
pressure in the Azores H igh). Also, the centre of the 
Iceland Low  w as displaced tow ards the southw est 
and  Cape Farewell. The strength  of the m ean  
surface w ind averaged over the 30-year period 
1971-2000 is show n in the u pper panel of Figure 7b, 
and  the low er panel show s the anom aly in w inter 
2007. These reanalyses show  th a t the N orth  A tlantic 
m ean  w inds w ere stronger th an  norm al, associated 
w ith  the streng then ing  of the SLP pattern , centred 
on a band  from  N ew foundland  across to the Bay 
of Biscay and  the English C hannel and  into the 
sou thern  Baltic.

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

LEVEL P R E S S U R E  ( I S O B A R S ) .  T H E  G E O S T R O P H I C  ( O R  

“ G R A D I E N T ” ) W I N D  B L O W S  P ARAL L E L  W I T H  T H E  

I S O B A R S ,  W I T H  L O W E R  P R E S S U R E  T O  T H E  LEFT.  T H E  

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

NCEP/NCAR Reanalysis 
Sea Level Pressure (mb) Composite Mean
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Figure 7a.
Winter (DJFM) sea level pressure (SLP) fields. The top panel shows SLP averaged over 30 years, 1971-2000. 
Middle panel shows mean SLP in winter 2007 (December 2006, January-March 2007). Bottom panel shows 
the winter 2007 SLP anomaly, the difference between the top and middle panels. Images provided by the 
NOAA/ESRL Physical Sciences Division, Boulder, Colorado, available at www.cdc.noaa.gov/.
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NCEP/NCAR Reanalysis Figure 7b.
1000mb Scalar Wind Speed (m /s )  Composite Mean Winter (DJFM) surface windspeed. Top panel shows surface windspeed

averaged over 30 years, 1971-2000. The bottom panel shows the winter 
2007 anomaly in surface windspeed. Images provided by the NO AA/ 
ESRL Physical Sciences Division, Boulder, Colorado, available at www. 
cdc.noaa.gov/
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NCEP/NCAR Reanalysis 
1000mb Scalar Wind Speed (m /s)  Composite Anomaly 1968—1996 elimo

NOAA/ESRL P h y s ic a l S c ie n c e s  D ivision

Dec to Mar: 2007 to 2007 minus 1971 to 2000

W 'm  ■ ! ?  1 -h 1 1 A  1 h  1

Below.
View from the RV"Celtic Explorer".
Image courtesy o f G. Nolan, Marine Institute, Ireland.
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3.2 North Atlantic surface air temperature

N orth  A tlantic w in ter m ean  surface air tem peratures 
are show n in Figure 8 . The 1971-2000 m ean  
conditions (Figure 8, top panel) show  w arm  
tem peratures penetra ting  far to the no rth  on the east 
side of the N orth  A tlantic and  N ordic Seas, caused 
by northw ard  m ovem ent of w arm  oceanic water. 
The m iddle panel in  Figure 8 show s the conditions 
in  w in ter (DJFM) 2007, and  the bo ttom  panel show s 
the difference betw een  the two. In w in ter 2007, the 
central N orth  A tlantic and  N orw egian Sea surface 
air tem peratures w ere near norm al. In  contrast, 
surface air tem peratures over m uch of the Labrador 
Sea, N orth  Sea, Barents Sea, G reenland Sea, and 
Irm inger Basin w ere m ore th an  1°C w arm er than  
norm al in  2007. The exceptions are the orange/ 
red areas, w hich show  w arm er-than-norm al 
conditions (by 6-10°C); this is the result of sea-ice 
edges retreating  in  the no rth ern  L abrador Sea and 
no rtheast of Svalbard. The bo ttom  panel in  Figure 
8 also show s tha t it w as a w arm  w in ter over m ost 
land  areas surrounding  the no rthern  N orth  A tlantic 
and  its m arginal seas.

Dec to Mor: 1971 to 2000

S U R F A C E  A I R  

T E M  P E R A T U R E  O V E R  

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

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

T H A N  1 ° C  W A R M  ER 

T H A N  N O R M A L .

Figure 8.
Winter (DJFM) surface air 
temperature fields. The top panel 
shows surface air temperature 
averaged over 30 years, 1971- 
2000. The middle panel shows 
temperatures in winter 2007 
(December 2006, January to 
March 2007). The bottom panel 
shows winter 2007 surface air 
temperature anomaly, 1971-2000, 
the difference between the top and 
middle panels. Images provided 
by the NOAA/ESRL Physical 
Sciences Division, Boulder, 
Colorado, available at www.cdc. 
noaa.gov/.
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4. DETAILED AREA 
DESCRIPTIONS, PART 1:
THE UPPER OCEAN

4.1 Introduction

In  this section, w e presen t tim e-series from  m any 
sustained observations in  each area of the ICES 
Area. The general p a tte rn  of oceanic circulation in 
the upper layers of the N orth  A tlantic, in relation 
to the areas described here, is given in Figure 9. In 
addition  to tem perature  and  salinity, w e presen t 
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 recen t events.

M ost standard  sections or stations are repeated  
annually  or m ore frequently. O ften, the tim e-series 
p resen ted  here have b een  extracted from  larger 
datasets and chosen as indicators of the conditions 
in  a particular area. W here appropriate, data are 
p resen 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 clim atology datasets. 
Sm oothed versions of m ost tim e-series are included 
using  a "loess sm oother", a locally w eighted  
regression w ith  a tw o- or five-year w indow.

In som e areas, data  are sam pled regularly enough  
to allow  a good description of the seasonal cycle. 
W here this is possible, m onth ly  data from  2007 are 
p resen ted  and  com pared w ith  the average seasonal 
conditions and  statistics.

0Z •>

Figure 9.
Schematic o f the general circulation o f the upper ocean (0-1000 m) in 
the North Atlantic in relation to the numbered areas presented below. 
The blue arrows indicate the movement o f  the cooler waters o f  the 
Subpolar Gyre. The red arrows indicate the movement o f the warmer 
waters o f the Subtropical Gyre.

1 6 /1 7

http://www.cdc
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Figure 10.
Area 1 -  West Greenland. Annual 
mean air temperature observed at 
Nuuk.

Figure 11.
Area 1 -  West Greenland. 
Fyllas Bank Station 4 autumn 
temperature (upper panel) and 
salinity (lower panel), 0-200 m.

4.2 Area 1 -  West Greenland

W E S T  G R E E N L A N D  LI ES AT  T H E  N O R T H E R N  B O U N D A R Y  

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

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

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

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

N O R T H W A R D S  T H R O U G H  DA VI S  S T R AI T .  T H E  FYLLAS 

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

A B O U T  9 0 0  M O F  W A T E R ,  IS G O V E R N E D  M O S T L Y  BY 

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

C U R R E N T  ( B E L O W  1 5 0  M ) .  I N S O M E  YE ARS ,  S H A L L O W  

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

B R I N G I N G  C O L D E R  W A T E R  T O  S T A T I O N  4  ( E . G .  1 9 8 3 ,  

1 9 9 2 ,  A N D  2 0 0 2 ) .  L O C A T E D  F A R T H E R  O F F S H O R E ,  

C A P E  D E S O L A T I O N  S T A T I O N  3 H A S  A 3 0 0 0 - M - D E E P  

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

C U R R E N T  A N D  T H E  D E E P  B O U N D A R Y  C U R R E N T  O F  T H E  

L A B R A D O R  SEA.

W est G reenland lies w ith in  an  area th a t norm ally 
experiences w arm er conditions w hen  the NAO 
index is negative. D espite a positive NAO w in ter 
2007 index, air tem perature  conditions around 
G reen land  continued to be w arm er th an  norm al; 
m ean  air tem peratures at N uuk show  positive 
anom alies (+0.8°C).

A t Fyllas Bank, the 2007 subsurface tem peratures 
w ere high, similar to the w arm  1960s, bu t low er 
th an  au tum n  2003, w h en  tem peratures w ere 2.69°C 
above norm al.

Data Provider Danish Meteorological Institute - Copenhagen and Seewetteramt - Hamburg
Ref: ICES Report on O cean C lim ate  2007
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7.5 Figure 12.
Aren 1 -  W est Greenland.
Teniperatnre (npper panel) and  
salinity (lower panel) a t 50 m  at 
Cape Desolation Station 3.
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4.3 Area 2 -  Northwest Atlantic: Scotian 
Shelf and the N ew foundland and 
Labrador Shelf

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  ARE 

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 .

18/19

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  IS 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 .  IT IS 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  

IS 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 BA N KS A N  D A N T I  C L O C K W I  SE 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  ARE  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  ST 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 RGE  S E A S O N A L  

CY CL E S  A N D  ARE 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  ICE.  

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

In  2007, annual m ean  air tem peratures over 
the Scotian Shelf, rep resen ted  by Sable Island 
observations, w ere norm al, only 0.1°C below  
the long-term  m ean  (based on  1971-2000 m ean  
values); th is is a decline of 1.5°C from 2006. West 
of Sable Island, the air tem perature  anom aly  w as 
-0.2°C over the eastern  Gulf of M aine.

The am oun t of sea ice on the Scotian Shelf in  2007, 
as m easured  by the area of ice seaw ards of C abot 
Strait b e tw een  N ova Scotia and  N ew foundland 
from January to April, w as 18 400 km 2 below  the 
long-term  m ean  coverage of 39 000 km 2. This is an 
increase from  the 2006 value of 1850 km 2, bu t is still 
substantially  less th an  the 2003 cover w hich w as the 
second h ighest in  the 39-year record.

Topography separates the northeaste 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 - 
w ater tem peratures of 8-10°C. The origin of the 
latter is the offshore slope w aters, w hereas in the
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northeast, the  w ater com es principally from  the 
Gulf of St Lawrence. The in terannual variability 
of the tw o 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 reveal 
cooler-than-norm al conditions in 2007 by 0.3°C, 
a decrease of 0.9°C from above norm al conditions 
in  2006. In Em erald Basin, tem peratures in  2007 
w ere 1°C below  norm al at 100 m, a decrease of 
approxim ately 1.8°C from 2006. There w as a large 
decrease of 2.2°C at 250 m  to annual values nearly 
1.9°C below  norm al. The w ater m ass characteristics 
in  2007 for dep ths greater th an  100 m  w ere very 
similar to those in  1998 w hen  Labrador Slope w ater 
m oved into the deep inner shelf basins. In  2007, 
though , the deepest w aters (-250 m) w ere about 
0.2°C w arm er and  0.3 saltier th an  in  1998.

T H E  A M O U N T  O F  S E A  

ICE O N  T H E  S C O T I A N  

S H E L F  W A S  WE L L  B E L O W  

N O R M A L  IN 2 O O 7 .

A nnual SST anom alies varied about 0.3°C over the 
eastern, 0.4°C over the central, and  -1.5°C over the 
w estern  Scotian Shelf during 2006. The Lurcher 
Shoal area w est of N ova Scotia had  an  annual 
anom aly of -1°C and  the Bay of Lundy an anom aly 
of 0.4°C. These are decreases of 1.4°C to 2.3°C from 
the above-norm al values of 2006.

Figure 13.
Aren 2 -  N orthw est Atlantic: 
Scotian Shelf. M onth ly means o f  
lee area seawards o f Cabot Strait 
(npper panel) and filtered air 
temperatnre anomalies at Sable 
Island on the Scotian Shelf (lower 
panel).
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Figure 14.
Area 2 -  N orthw est Atlantic: 
Scotian Shelf. Near-bottom  
temperatnre anomalies (npper 
panel) and salinity anomalies 
(lower panel) In the northeastern 
Scotian She lf (M isaine Bank, 100 
m).

Data Provider: Departm ent o f F isheries and O ceans - Canada 
Ref: ICES R eport on O cean C lim ate 2007
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5.0 Figure 15.
Area 2 -  N orthw est Atlantic: 
Scotian Shelf. Near-bottom  
temperatnre anomalies (npper 
panel) and salinity anomalies 
(lower panel) In the central 
Scotian She lf (Emerald Basin, 
250 m).
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Figure 16.
Area 2 -  Northwest Atlantic: 
Newfoundland and Labrador 
Shelf. Monthly sea-ice areas off 
Newfoundland and Labrador 
between 45°N and 55°N.

Newfoundland and Labrador Shelf

T H I S  R E G I O N  IS 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  SEA,  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  IS 

D O M I N A T E D  BY 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  T O G E T H E R  

W I T H  S E A  ICE A N D  I C E B E R G S  F R O M  T H E  N O R T H  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  ARE 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  RTH W E S T  A T L A N T I C  ( N A O ) ,  

A D V E C T I O N  B Y T H E  L A B R A D O R  C U  RRE NT ,  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  

ARE LA RGE  S E A S O N A L  A N D  I N T E  RAN N U AL VARI  ATI  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  L A RGE  A N N U A L  CY CL E S  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 .

The Rogers N orth  A tlantic Oscillation index for 
2007 w as slightly above norm al (the Rogers NAO 
index offers a b e tte r com parison w ith  conditions 
in the w estern  N orth  A tlantic th an  the H urrell 
w in ter NAO index). As a result, Arctic outflow  to 
the N orthw est A tlantic w as stronger th an  in  2006, 
resulting  in  a broad-scale cooling th roughou t the 
N orthw est A tlantic from  W est G reen land  to Baffin 
Island and  to Labrador and  N ew foundland.

A nnual air tem peratures rem ained above norm al at 
Labrador (0.7°C at Cartw right) and  N ew foundland 
(0.3°C at St John's), significant decreases over 
the record highs of 2006. Sea-ice extent on the 
N ew foundland and  Labrador Shelf for 2007 was 
below  average for the 13th consecutive year;

however, it increased significantly during spring, 
extending the ice season into June for the first tim e 
in  several years.

At the standard  m onitoring  site off eastern  
N ew foundland  (Station 27), the depth-averaged  
annual w ater tem perature  decreased from  the record 
h igh observed in 2006 to about norm al. Surface 
tem peratures at Station 27 also decreased from the 
record h igh  observed in  2006 to just slightly above 
norm al, w hereas bo ttom  tem peratures rem ained 
above norm al for the 12th  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 
trapped  betw een  the seasonally heated  u pper layer 
and  the w arm er shelf-slope w ater th roughou t 
sum m er and  autum n. D uring the 1960s, w hen  the 
NAO w as w ell below  norm al and  had  the low est 
value ever in  th is century, the volum e of CIL w ater 
w as at a m in im um  and, during the h igh NAO years 
of the early 1990s, the CIL volum e reached near
record h igh  values. D uring 2007, the CIL rem ained 
below  norm al on  the eastern  N ew foundland  Shelf 
for the 13th consecutive year.

The near-bottom  therm al habitat cooled significantly 
in  sou thern  regions b u t w arm ed in areas n o rth  of 
the G rand Banks during  autum n, w h en  bo ttom  
tem peratures w ere up to 2°C above the long-term  
m ean  in  m any areas.

In general, w ater tem peratures on  the 
N ew foundland  and  Labrador Shelf cooled from  the 
record h igh observed in 2006, bu t rem ained  above 
norm al in  m ost areas, continu ing  the w arm er-than- 
norm al conditions experienced since the m id- to 
late 1990s. Shelf w ater salinities, w hich w ere low er 
th an  norm al th roughou t m ost of the 1990s, have 
increased to above norm al values during  the past 
six years, a lthough  there w as considerable local 
variability.

Data Provider: N orthw est A tlan tic  F isheries Centre  - Canada 
Ref: ICES Report on O cean C lim ate 2007
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Figure 17.
Area 2 -  N orthw est Atlantic: 
Newfoundland and Labrador 
Shelf. A nnual air temperature 
anomalies at Cartwright on the 
Labrador coast.

Y ear

Figure IS .
Area 2 -  N orthw est Atlantic: 
Newfoundland and Labrador 
Shelf. A nnua l depth-averaged 
Newfoundland Shelf temperature 
anomalies (top panel), salinity  
anomalies (middle panel), and  
spatial extent o f  cold Intermediate 
layer (CLL; bottom panel).
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Figure 19.
Area 2b -  Labrador Sea. Potential 
temperature (upper panel) and 
salinity (lower panel) values for  
0-150 m depth from  four stations 
in the west-central Labrador Sea 
(centred at 56.7°N 52.5°W). 
Estimates o f seasonal changes 
based on climatology have been 
removed from these spring/early 
summer measurements.

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

C I R C L E  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 WI  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  I N T H E  S U B T R O P I C S  

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

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 UAL Tl  M E - S CA L 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  M E L T I N G  

A R C T I C  S E A  I CE.  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 1 9 9 0 S  LED T O  D E E P  C O N V E C T I O N  P E A K I N G  

IN 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  KM O F  T H E  

W A T E R  C O L U M N  W I T H  C O L D  A N 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  B E E N  M I L D E R  I N R E C E N T  Y E AR 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  A S  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  AN  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 has warmed by ~1°C and increased in salinity 
by -0.1 since the early 1990s. Conditions in 2007 
remained warm and saline, but slightly cooler than 
in 2005-2006.

The 2007 annual mean SST in the west-central 
Labrador Sea was about 0.6°C warmer than 
normal. Although 2007 was noticeably cooler than 
the previous four years, it continues a series of 14 
consecutive years that have been warmer than 
normal.
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Figure 20.
Area 2b -  Labrador Sea. A nnual 
mean sea suiface temperature da ta 
from the west-central Labrador 
Sea (56.5°N  52.5°W ). Data 
obtained from the H adLSST l.l 
Global Sea Surface Temperature 
dataset, UK Meteorological 
Office, H adley Centre.

Y ear

Data Provider: BIO - Bedford Institu te  o f O ceanography 
Ref: ICES Report on O cean C lim ate 2007
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Figure 21.
Area 2b -  Labrador Sea. M onthly  
sea surface temperature data frvm  
the west-central Labrador Sea 
(56.5°N  52.5°W ). Data obtained 
from the H adL SST l.l Globa! Sea 
Surface Temperature dataset UK 
Meteorological Office, Hadley 
Centre.

Month

4.5 Area 2c -  Mid-Atlantic Bight

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

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

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

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

H A V E  B E E N  M O N I T O R E D  BY R E G U L A R  E X P E N D A B L E  

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

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

V E S S E L S  S I N C E  1 9 7 8 .  O N E  S E C T I O N  R U N S  B E T W E E N  

N E W  J E R S E Y  A N D  B E R M U D A  A N D  T H E  O T H E R  

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

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

O N  G E O R G E S  B A N K .

The slope w aters of the M id-A tlantic Bight have 
rem ained  generally fresh over the last three years, 
w hereas there are no obvious trends in  SST.

Figure 23 show s tem perature  anom alies from  XBTs 
taken  in  the Gulf of M aine since 1978, the start of

the program m e, to 2007.There are no obvious trends 
in  Gulf of M aine tem peratures. Surface salinity has 
re tu rned  to m ore-average conditions over the last 
year.

G E O R G E S  B A N K  W A T E R S  H A V E  B E E N  

W A R M E R  B U T  F R E S H E R  S I N C E  1 9 9 0 .

The G eorges Bank surface observations (0-30 m) 
come from a w ide region covering the Bank. Figure 
24a show s tem perature  and  salinity anom alies. The 
anom alies are in original units relative to the m ean  
for 1978-1987. N ote the continued w arm er-than- 
norm al tem peratures; th is is quite consistent w ith 
the XBT values. W hat is perhaps m ore surprising 
are the rather low  surface salinities, nearly  0.5 
below  the average for 1978-1987. Indeed, the 
w aters have overall been  w arm er and  fresher since 
approxim ately 1990. M ore usually  in  the Slope 
Sea (offshore of the G ulf of M aine), h igh salinities 
accom pany h igh tem peratures and  vice versa. There 
is m uch  th a t is still no t understood  about the shelf 
and  Slope SeaW aters.

2 4 / 2 5
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Figure 22.
Area 2c -  Mid-Atlantic Bight. 
Temperature and salinity from  
the Oleander section (New York 
City to Bermuda). Sea surface 
temperature (SST) anomalies as 
averaged values from 120-400 km 
southeast from New York City 
(upper panel); SST anomalies 
along the transect (middle panel); 
and sea surface salinity anomalies 
along the transect (lower panel).
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Figure 23.
Area 2c -  Mid-Atlantic Bight. 
Temperature and salinity in 
the G ulf o f  Maine from the 
section east o f Boston. The upper 
panel is a chart showing the 
area from which expendable 
bathythermographs (XBT) 
observations are used to construct 
the time-series (note the distance 
scale east from the longitude of 
Boston). SST anomalies along 
the transect (middle panel); sea 
surface salinity anomalies along 
the transect (lower panel).

J d .1 I t ! 1
0

r f  I f ,  /  1 ' . ' f  f i r n  r , ?.
»  1 i * 4  I. t * I  à

100

1»
300

2»
300
350

*00
4M

H B  T U P  I A í

¡i iPS-SV
V V »  ! i l  . , ( ■  '  • ( r i { , T

k: • ■ ' H
1 <i i  é  Ti. í  J  I

ti 1 I J r*
Q  . ¿ ¿ i .  i i  . .  J S Y ' T  J Q  5 z . 1 t . i i

. J i i ö l  Í-Jé. ¡.C' i ' lJ l i®  | 4 .  i l  t ■ ' ík \ k

Surtac* Be^íiAfuT'éi randa r ï s ad  « Mm a l t a  w i g  a e r a n « «  « a u  «4 B o ve n  « a n d  «n 1B7B 2007 data
WP-H f r. I « i Ui ■ I IJPI1: I » . i i r  # , ■

4  4  -t •  1 3  3>1
0 

»

100
15Û i'.f :
2»

2»
ÎM

io»
4Ú0 
*50

I L
■ r i~ r  1 n

» *

4 Ji*
i r

i *

f

■
i

Sutbca t altntty wanaanl iatd anomaig* atonfl a Grani««: ta i  ùt Bdaicm, batad on 1074 ihrew¡pi 2007 daca

2 6 / 2 7



ICES C ooperative Research R eport No. 291

Figure 24a.
Area 2c -  Mid-Atlantic 
The upper panel is a chart of 
the northwest portion o f Georges 
Bank. The 60 m isobath (dashed) 
and 200 m isobath (solid) are 
shown. Time-series plots o f 0-30 m 
averaged temperature anomaly 
(middle panel) and salinity 
anomaly (lower panel) at Georges 
Bank.
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Figure 24b.
Area 2c -  Mid-Atlantic Bight. 
Monthly surface (0-30 m) 
temperatures at Georges Bank.

► Voluntary obse rv ing  sh ip s

M any o f  th e  data  p rese n ted  here are c o l le c ted  from  c o m m e r c ia l  v e s s e l s  th at  voluntarily  m ak e  o c e a n  
m e a s u r e m e n t s  a lo n g  their  jou rn eys .  The  resu lts  from  m o n th ly  s a m p l in g  o f  surface  and b o t to m  
t e m p er a tu re s  for nearly th ree  d e c a d e s  reveal th e  p o w er  o f  s y s te m a t ic  or  repeat s a m p l in g  from  
m e rch a n t  m arine  v e s s e l s .  A n u m b e r  o f  v e s s e l s  are n o w  o p e r a t in g  a u t o m a te d  s y s t e m s  to  s a m p le  
te m p er a tu re  and salin ity w hile  underway.  The  key to  s u c c e s s  with t h e s e  is to  e n s u r e  th at  th e  data  
b e c o m e  available  as  s o o n  as  th e  v e s s e l  m a k es  a port call. There  is a p r e ss in g  n e ed  for  m erchant-  
m a r in e -o p t im ized  t e c h n iq u e s  to  track and report data  fr om  th e  o c e a n  in a t im ely  fa sh ion .

The  s e c t io n  e a s t  o f  B o s to n  has  d e p e n d e d  u p o n  o b s e r v a t io n s  from  various  v e s s e l s ,  inc luding  
t h o s e  from  Eimskipafelag,  Caribou S e a f o o d s ,  th e  US C oast  Guard,  and H a n s  S p ec k  and S on .
Their  c o o p e ra t io n  is greatly app rec ia ted .

28/29

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

RE Y K J A N E S  R I D G E ,  KO 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  A G A I N S T  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 RM I N G  ER C U  RRE NT ,  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 AS T  G R E E N L A N D  

A N D  EAS T I C E L A N D I C  C U R R E N T S  ( - 1 ° C  T O  2 ° C )  F L O W  

F R O M  T H E  N O R T H .  D E E P  B O T T O M  C U R R E N T S  I N 

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

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

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

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 2007, mean air temperatures in the south 
(Reykjavik) and north (Akureyri) were above long
term averages. During the year, temperature and 
salinity south and west of Iceland remained high. 
In spring and autumn, temperatures and salinity of 
surface layers were around average. Temperature 
and salinity in February 2008 were again above 
long-term averages. Salinity and temperature 
measurements in the East Icelandic Current in 
spring 2007 were above average.
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Figure 25.
Area 3 -  Icelandic waters. Main 
currents and the location of 
standard hydrobiological sections 
in Icelandic waters.

Figure 26.
Area 3 -  Icelandic waters. 
Mean annual air temperature 
at Reykjavik (upper panel) and 
Akureyri (lower panel).

: U.

l e I C E L A N DFx-9

Data Provider: Hafrannsoknasto fnun in  - Iceland - M arine Research Institu te  
Ref: ICES R eport on O cean C lim ate  2007
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6 Figure 27.
Icelandic waters. 

Temperature (upper panel) and  
salinity (lower panel) at 50-150 m  
depth a t Stations S12-4 In North  
Icelandic waters.
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Figure 28.
Area 3 -  Icelandic waters. 
Temperature (upper panel) and  
salinity (lowei' panel) between 0 m  
and 200 m at Station Sb5 In 
South Icelandic waters.

Data Provider: Ha frannsoknasto fnun in  - Iceland - Marine Research Institute 
Ref: ICES Report on O cean C lim ate 2007

35.30
— ■— Salinity 
 5-yr S m oothed  Data

35.25

35.20

35.15

35.10

1970 1975 1980 1985 1990 1995 2000 2005
Year



ICES Cooperative Research Report No. 291

Figure 29.
Aren 3 -  Icelandic waters.
Temperature (upper panel) and 
salinity (lower panel) between 0 m  
and 50 m In the East Icelandic 
Current (Stations Lna2-6).
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4.7 Area 4 -  Bay of Biscay and eastern 
Atlantic

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

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

F O L L O W S  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  A N D  

IS R E L A T I V E L Y  W E A K  ( 1 - 2  C M  S - 1 ) .  I N  T H E  S O U T H E R N  

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

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

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

A N D  S U M M E R ,  E A S T E  RLY W l  N  D S  A R E  D O M I N A N T ,  A N D  

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

The year 2007 w as one of contrasts in  the Bay of 
Biscay: a m ild w in ter and  spring, and  a cold sum m er 
and  autum n. The no rthern  part of the Iberian 
Peninsula had  average m eteorological conditions 
in  2007. A nnual m ean  air tem perature  over the 
sou thern  Bay of Biscay during 2007 w as 14.6°C, 
an  average value com pared w ith  1961-2007, bu t 
cooler th an  the previous two w arm  decades. The 
2007 p a tte rn  of w arm  w in ter and  cold sum m er also 
contrasts w ith  the cold w in ter and  w arm  sum m er 
p a tte rn  in 2005 and  2006. As expected, SST reflected 
the w arm er-co lder pattern , w ith  July show ing the

low est value for th is m on th  on record. This pa ttern  
w as caused by the relatively low  air tem perature  as 
w ell as a noticeable reduction  in  hours of sun and 
the subsequent solar radiation  (2 2 % low er th an  the 
average for 1986-2007).

However, the pattem  for subsurface and intemaediate 
w ater differs from the air and  SST pattern .T he w arm  
2007 w inter, p receded by a w arm  2006 autum n, has 
consequences for the local in term ediate  w aters. 
The strong  cold anom aly  presen t in the area from 
the 2005 w inter, w ith  a mixed layer reaching 300 m 
depth , com pletely d isappeared  in the upper part of 
this layer follow ing the form ation of an  anom alous 
w arm  mixed layer in  2007. Therefore, the w arm ing 
tendency  detec ted  in  the ocean interior continues. 
In the N orth  A tlantic C entral Water, the w arm ing 
trend  continues for the w hole period, and  salinity 
has stabilized after the strong  increase from  2005 
to 2007. The M editerranean  W ater also show s 
tem perature  and  salinity increases.

ICES R eport on  Ocean C lim ate 2007

This area is occasionally affected by a strong 
h igh  salinity signal at the shelf and  shelf break, 
a p h enom enon  typically associated w ith  the 
advection of w aters of subtropical origin th rough  
the Iberian Poleward C urrent. B etw een 1998 and 
2001 , freshening w as observed in  the w ater from 
0 m  to 200 m. In 2002, this trend  w as reversed

during  an event of the Iberian Polew ard C urrent. A VE  RAG E TE M PE RAT U R E O F T H E  U P P E R O C E A N
A n increase in salinity w as observed in  the upper
200 m  in  2003-2006, and  at 300-600 m  in 2004- R E M A I N S  H I G H  IN T H E  B I S C A Y  REG I O N .
2006. The salinity increases w ere also, in  part, the 
result of atm ospheric forcing in  the form ation 
area of the eastern  N orth  A tlantic C entral W ater 
(lower precipitation, h igher evaporation). A utum n 
2006 and  w in ter 2007 w ere also characterized by 
a strong episode of the Iberian Poleward C urrent, 
and  relatively low  precipitation and  river discharge 
m ain tained  h igh salinity values.

Data Provider: AZTI and Aquarium  of San Sebastian (SOG) 
Ref: ICES Report on O cean C lim ate 2007

175 Figure 30.
Area 4 -  Bay o f Biscay and 
eastern Atlantic. S ST  (upper 
panel) and air temperature 
(lower panel) at San Sebastian 
(43°18.5 'N  0 2 V .3 7 W ).
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Figure 31.
Area 4 -  Bay o f Biscay and eastern 
Atlantic. Potential temperature 
(upper panel) and salinity (lower 
panel) at Santander Station 6 
(43°42'N 3°47'W; shelf break; 
5-200 m).

Figure 32.
Area 4 -  Bay o f Biscay and 
eastern Atlantic. Monthly surface 
water temperature at Santander 
Station 6.

15.0
* Temperature°C 

 1-yr Smoothed Data145

14.0

135

13.0

125

12.0

Dat a Provider: IEO - Instituto Español  d e  Oce anogr af í a  - Span i s h  Institute of  Oc e a no g r a phy  
Ref: I CES Report  on  O c e a n  Cl imate 2 0 0 7

350

35.7

35.6

355
— *— Salinity 
 1 -yr Smoothed Data

35.4

1992 1997 2002 2007
Year

Data Provider: IEO - Instituto Español de Oceanografía 
Ref: IC ES R eport on O cean  C lim ate 2007

24.0
M ean

—  2 0 0 7  T em p e ra tu re  
-  S ta n d a rd  D evia tioc 

- - - M ax/M in  /  >7

22.0

20.0

18.0

16.0

14.0

12.0

A veraging Period: 1993-2000
10.0

J F M A M J  J A S O N D
M onth

ICES R eport on  Ocean C lim ate 2007

4.8 Area 4b -  Northwest European 
continental shelf

Western English Channel

S T A T I O N  El  ( 5 0 ° 0 2 ’ N 4 ° 2 2 ’w ) IS S I T U A T E D  I N

T H E  W E S T E R N  E N G L I S H  C H A N N E L  A N D  IS M A I N L Y  

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

W A T E R  D E P T H  IS 7 5  M ,  A N D  T H E  S T A T I O N  IS T I DA LL Y 

I N F L U E N C E D  BY A 1.1 K N O T  M A X I M U M  S U R F A C E  

S T R E A M  AT M E A N  S P R I N G  T I D E .  T H E  S E A B E D  IS 

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

( l - 2  E R G S  C M  2 S ' ) .  T H E  S T A T I O N  M AY BE D E S C R I B E D  

AS  O C E A N I C  W I T H  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

t h e r m o c l i n e ; s t r a t i f i c a t i o n  t y p i c a l l y  s t a r t s  i n

EARLY A P R I L ,  P E R S I S T S  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 C T O B E R .  T H E  T Y P I C A L  

D E P T H  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 .  T H E  S T A T I O N  IS G R E A T L Y  A F F E C T E D  BY A M B I E N T  

W E A T H E R .

M E A S U R E M E N T S  H A V E  B E E N  T A K E N  AT T H I S  S T A T I O N  

S I N C E  T H E  E N D  O F  T H E  I 9 T H  C E N T U R Y ,  W I T H  DATA 

C U R R E N T L Y  AVAI L ABL E  S I N C E  I 9 O 3 . T H E  S E R I E S  IS 

U N B R O K E N ,  A P A R T  F R O M  T H E  G A P S  F O R  T H E  T W O  

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

1 9 8 5  A N D  2 0 0 2 .  T H E  DA T A T A K E S  T H E  F O R M  O F  

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

EARLY M E A S U R E M E N T S  W E R E  T A K E N  W I T H  R E V E R S I N G  

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

S A L I N I T Y  B O T T L E S .  M O R E  R E C E N T L Y ,  E L E C T R O N I C  

E Q U I P M E N T  ( S E A B I R D  C T O )  H A S  B E E N  U T I L I Z E D .

The tim e-series show s considerable in terannual 
variability. AVHRR satellite sea-surface analysis 
for the m issing 1985-2002 period show s a gradual 
w arm ing of the surface w aters, w ith  increases in 
sum m er m axim a and  w in ter m inim a. In 2007, E l 
w as sam pled on only eight occasions, w ith  the 
m in im um  surface tem perature  (March) being 
10.8°C and  the m axim um  surface tem perature  
(Septem ber) be ing  16.9°C .The w in ter m inim a is on 
the very w arm  side (typical w in ter conditions are 
around  8-10°C), a tes tam en t to the m ild w in ter in 
2007. D uring sum m er, tem peratures w ere close to 
the long-term  m ean. D uring autum n, tem peratures 
w ere again very w arm  com pared w ith  the long
term  m ean.

4
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Figure 33.
Aren 4b -  N orthw est European 
continental shelf. Temperature 
anom aly (upper panel) and  
salinity anomaly (lower panel) 
o f surface water a t station E l  
In the western English Channel 
(50°02’N  4°22’W).

Year
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Data Provider: MBA and PML - UK

Figure 34.
Area 4b -  Northwest European 
continental shelf. Monthly
temperature (left panel) and 
salinity (right panel) o f surface 
water at station E l in the western 
English Channel (50°02'N
4°22'W).

Figure 35.
Area 4b -  Northwest European 
Continental Shelf Temperature 
at the M alin Head coastal station 
(55.39°N 7.38°W).

Year
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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  AT 

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 )  IS 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 .

Since the late 1980s, tem peratures have been  
increasing, w ith  the m id -2000s being  the h ighest 
recorded since records began  in  1960. D ata 
p resen ted  here are to 2006. The seasonal cycle on 
the Irish Shelf is illustrated by data from  the M l 
w eather buoy w est of Galway.

Data Provider: Marine Institu te/M et E ireann - Ireland 
Ref: ICES Report on O cean C lim ate 2007
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4.9 Area 5 -  Rockall Trough

T H E  R O C K A L L  T R O U G H  IS 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  IS 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  BY T H E  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  (500 M)  

WYVI  LLE—T H O M S O N  Rl D G  E. IT 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  IT IS C O N V E R T E D  I N T O  C O L D ,  D E N S E  

O V E R F L O W  W A T E R  AS  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 S -  

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 IS 

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

In  2007, w arm  conditions persisted  in  the upper 
ocean of the Rockall Trough, w hereas salinity is 
only slightly h igher th an  the long-term  m ean  after 
decreasing from a m axim um  in 2003. The decrease 
in  m ean  salinity is caused by incursions of fresher 
w ater, initially seen betw een  the A nton  D ohrn  
Seam ount (11°W) and  Rockall Bank (13°W), bu t 
n ow  found across the w hole section. Tem peratures 
rem ained  very h igh com pared w ith  the long-term  
m ean; averaged from  the surface to a dep th  of 
800 m, tem perature  w as 0.7°C above the long
term  m ean, 1975-2000. Salinity averaged from  the 
surface to 800 m  w as 0.01 above the long-term  
m ean , 1975-2000.
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Figure 36.
Area 4b -  Northwest European 
Continental Shelf. Monthly 
temperature (left panel) and 
salinity (right panel) at the M l  
weather buoy west o f  Galway, 
Ireland.

Below.
A  conductivity/temperature/ 
depth (CTD) rosette is lowered 
into the East Greenland Coastal 
current from the icebreaker RRS 
"James Clark Ross" in August 
2004. Prior to the cast, the ship 
was manoeuvred to create an 
open water "pond"for the rosette. 
Image courtesy o f R. Pickart, 
WHOI; USA.
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F igure 37.
Area 5 -  Rockall Trough. 
Temperature (upper panel) aud 
salin ity (lower pauel) for the 
upper oceau (0-800 ui).
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35.40

35.35

— ■— Salinity 
 2-yr S m oothed Data

35.30

35.25
1975 1980 1985 1990 1995 2000 2005

Y ear

4.10 Area 5b -  Irminger Sea

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

S O U T H E R N  G R E E N L A N D ,  T H E  R E Y K J A N E S  R I D G E ,  A N D  

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

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

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

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

RE LATI VE LY FAST.

In  2004, the Subpolar M ode W ater 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. Since then , a slight cooling and 
freshening has occurred. A lthough convection tha t 
reached dep ths of m ore than  600 m  in the following 
w inters reduced tem perature  and  salinity slightly, 
the tem perature  of the Subpolar M ode W ater in 
2007 w as the second highest since 1991, w hereas 
salinity in sum m er 2007 w as still considerably 
h igher th an  observed before 1998. Thus, the trend  
of increasing tem perature and  salinity th a t began 
in  1995/1996 seem s to have continued during 2007.

ICES Report on Ocean C lim ate 2007

5.5 F igure 38.
Area 5b Inntuger Sea. 
Temperature (upper pauel) aud  
salinity (lower pauel) o f  Subpolar 
M ode Water (averaged over 
200-400  m).
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Below.
Mooring recovery from RV  
"Merian"in the ice in Fram Strait. 
Image courtesy o f A. Beszczynska- 
Möller, AW I, Germany.

► U n d e rs ta n d in g  p a t te rn s  o f  variability

The o c e a n  at any o n e  locat ion  varies  o n  m a n y  t im e - s c a le s  from  hou rs  and days  to  d e c a d e s ,  c en tur ies ,  
and mil lennia .  In th is  report, w e  a im  t o  identify  var iations  o n  a t im e - s c a le  o f  m o n t h s  to  d e c a d e s ,  s o  
that  w h e n  w e  interpret t im e - s e r ie s  th at  s a m p le  th e  o c e a n  only  a few  t i m e s  a year, or  e v en  o n c e  a year, 
w e  need  to  u n d ers tan d  h ow  th e  shorter  t im e - s c a le s  or  h igher  f requency  c h a n g e s  m ig h t  affect th e  
result s .  A g o o d  e x a m p le  is th e  apparent ly  erratic beh av iou r  o f  th e  annual  t im e - s e r ie s  from  d e e p  water  
in th e  Irminger Sea .  A n e w  s e t  o f  daily m e a s u r e m e n t s  with a m o o r e d  s e n s o r  s y s t e m  over  three  years  
(2 0 0 3 - 2 0 0 6 ) reveals  th at  th e  erratic annual  t im e - s e r ie s  is, in fact,  a po o r  rep resen ta t ion  o f  variability 
within each year. This is known as  “alias ing’’ and is a significant problem in interpreting long-term changes .
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4.11 Area 6 -  Faroe Bank C hannel and  
Faroe Current

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

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

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

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

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

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

Since 1988, temperature and salinity of the upper 
waters have been steadily increasing. Value s in 2007 
were slightly down from 2004, but remained higher 
than average for the time-series.

Figure 39. y o
Area 6 -  Faroe Bank Channel. 
Temperatnre (npper panel) and 
salin ity (lower panel) from the gQ 
layer 100-300 m deep at two 
standard stations in the channel.
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Figure 40.
Area 6 -  Faroe Cnrrent.
Temperatnre (npper panel) and  
salinity (lower panel) in the core 
o f the Faroe Cnrrent (maximnm  
salinity averaged over a layer 
50 m  in depth.

Y ear

Data Provider: F isk irannsoknarstovan  - F aroe 
Ref: ICES R eport on O c ea n  Clim ate 2007
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Figure 41.
Area 6-Faroes coastal temperature. 
Monthly temperature data 
from the Faroe coastal stations 
Mykines (1914-1969, 69.10°N  
7.66°W) and Oyrargjogu (1991 
onwards, 62.12 °N  7.17°W).
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4.12 Area 7 -  Faroe-Shetland Channel

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

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

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

IT C A R R I 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  I N T O  

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

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

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

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

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

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

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

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

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

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

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

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

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

The surface w aters of th e  Faroe-S hetland  C hannel 
have generally increased in  tem peratu re and  
salinity over the past tw o decades, w ith  re cord-high 
tem peratures observed in  2003. B oth tem perature  
and  salinity have declined slightly since 2003. 
A lthough  salinity values w ere h igh  in  2003, they  
have b een  at th is level in  th e  past.

Figure 42.
Aren 7 -F aroe-Shetland Channel. 
Temperatnre anom aly (npper 
panel) and salinity anomaly 
(lower panel) in the A tlantic  
W ater in the Slope Cnrrent.
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Figure 43.
Area 7 -  Faroe-Shetland
Channel. Temperatnre anomaly 
(npper panel) and salinity  
anom aly (lower panel) in the 
M odified A tlantic Water entering 
the Faroe-Shetland Channel fivm  
the north after circnlating aronnd 
Faroe.

Data Provider: FRS - F isheries Research Sen/Ices - Aberdeen - UK 
Ref: ICES Report on Ocean C lim ate 2007
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4 2 / 4 3► S in ce  1 9 7 0 , th e  s a m p l in g  freq u en cy  in th e  F a ro e -S h et la n d  Chann el  has  increased  and,  over  th at  period,  
a d e c a d a l - s c a le  cycle  o f  t em p era tu re  and sal inity has  e m e r g e d  in th e  properties  o f  th e  Atlantic  Water, 
th o u g h t  t o  be  related t o  w id e r  s ca le  c h a n g e s  in a tm o s p h e r ic  and o c e a n ic  c irculation.  This  pattern is 
n ot  as  c lear in th e  Modif ied North  Atlantic Water, which  travels  into  th e  F a ro e -S h et la n d  Chann el  from  
around th e  north o f  Faroe.

4.13 Areas 8 and 9 -  Northern and 
southern N orth 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 N D  T H E  O C E A N —A T  M O S  P H  ERE 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 C  RE E,  T H  R O U  G  H T H E  

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

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

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

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

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

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

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

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

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

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

A rea-averaged SSTs of the N orth  Sea have been  
increasing since June 2001. O w ing to very mild 
w in ter tem peratures, the vegeta tion  period (primary 
production) w as m uch longer th an  usual in  2007.

D uring the first m on ths of 2007, m ean  SST in the 
N orth  Sea clearly exceeded the long-term  m ean  
by 1.1-1.7°C, because of w arm  tem peratures 
in  au tum n  2006 and  extraordinarily w arm  air 
tem peratures during  April. January and  April w ere 
the w arm est (both +1.7°C) since the beg inn ing  
of these observations in  1971. D uring the second 
half of 2007, area-averaged m onth ly  SST values 
w ere com parable w ith  the climatological m eans 
(1971-1993) show ing anom alies be tw een  +0.5°C 
and  +1.0°C.

N ear-surface tem peratures exhibit the typical 
gradient w ith  increasing values from the open 
no rth ern  boundary  tow ards the inner G erm an
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Bight. The spatial p a tte rn  is com parable w ith  2006, 
bu t tem peratures are generally about 1-2°C  cooler. 
The m onth ly  averaged SST for A ugust 2007 has a 
positive anom aly of only +0.5°C com pared w ith 
+2.2°C in 2006.

The H elgoland Roads standard  station  dem onstrates 
that, since the cold w in ter of 1996, SSTs have been  
above the 30-year m ean  (1971-2000), w ith  positive 
anom alies of 0 .5-1 .0°C.

In 2005, 2006, and  2007, run-off from  the Elbe and 
W eser rivers w as close to the long-term  m ean  after 
a m in im um  run-off in  2004. In  2007, the m onth ly  
Elbe River run-off w as below  the long-term  
m ean  betw een  M arch and  June. April 2007 w as 
the w arm est and  m ost arid April since 1901, w ith  
m inim um  precipitation in  Germ any; som e areas 
had  no precipitation during April. However, there 
w ere no significant variations from  the long-term  
m ean.

A  V E R Y  W A R M  S T A R T  T O  T H E  Y E A R  IN T H E  N O R T H  S E A .

C om pared w ith  2006, the tongue of A tlantic W ater 
(AW) w ith  surface salinity (S >35) is m uch  sm aller 
and  is restricted to the no rth ern  part of the N orth  
Sea. In 2006, th is tongue w as m uch b roader and 
expanded southw ards to about 55°N .The ribbon of 
less saline w ater (S <34) generated  by continental 
river run-off and  Baltic outflow  is roughly 
com parable w ith  2006 in  its horizon tal extension, 
bu t is regionally m uch deeper, as in 2006 no rth  of 
56°N. The to tal N orth  Sea salt con ten t increased 
from 1.138 x IO12 tonnes in  A ugust 2006 to 1.143 
X IO12 tonnes in  A ugust 2007, caused by h igher 
salinity values in the shallow er sou thern  part of the 
N orth  Sea.

Tem perature and  salinity at two positions in  the 
no rth ern  N orth  Sea illustrate conditions in  the 
A tlantic inflow  (Figure 45). 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  at the w estern  shelf edge of 
the N orw egian Trench. M easurem ents w ere taken  
during sum m er and  represen t the previous w inter's 
conditions. The average tem perature at L ocation 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 w ere 
h igh tem peratures and  salinities in 2005. This w as 
the result of the h igh salinity of inflow ing AW  and 
the effect of a m ild w in ter (though the relatively 
cold w in ter and  spring of 2005 led to less extreme 
tem peratures in  the deep layers th an  in  2004).

Data Provider: IMR - Institute o f Marine Research - Norway 
Ref: ICES Report on Ocean C lim ate 2007

Figure 44.
Aren 8 -  Northern N orth  Sen. 
M odelled annual mean (bold) and 
m onthly mean volume transport 
o f A tlantic Water Into the 
northern and central N orth Sea 
southwards between the O rkney 
Islands and Utslra, Norway.
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► In th e  Skagerrak,  in add it ion  to  overall  increased  tem p era tu re ,  th e  length o f  th e  w a rm  s e a s o n  
has  increase d  s ignif icantly  over  th e  last few  years  (c o n d i t io n s  in th e  Skagerrak are t h o u g h t  to  be 
rep resen ta t ive  o f  c o n d i t io n s  t h r o u g h o u t  th e  North  S ea ) .  This  is unlike m o s t  o f  th e  pas t  4 5  years,  
th o u g h  similar  c o n d i t io n s  w ere  o b s e r v e d  around 1 9 9 0 . The  result  is that  co ld  water, previously  
o b s e r v e d  du rin g  large parts  o f  th e  year, h as  n o w  b e en  a b s e n t  for several  years .  Together  with th e  
high te m p er a tu r e s ,  th is  will have  s ignif icant e f fec ts  o n  e c o s y s t e m  d y n a m ic s  in th e  North  S ea  and  
th e  Skagerrak.

ICES Report on Ocean C lim ate 2007

Figure 45.
Area 8 -  Northern N orth  Sea. 
Temperature (upper panel) and  
salinity (lower panel) near the 
seabed In the northwestern part 
o f the N orth Sea (Location A) 
and In the core o f A tlantic Water 
at the western sh e lf edge o f the 
Norwegian Trench (Location B) 
during summ ers 1975-2007.
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Data Provider: IMR - Institute o f Marine Research - Norway 
Ref: ICES Report on Ocean C lim ate 2007
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Figure 46.
Area 8 -  Northern N orth  Sea. 
Temperature anomaly (upper 
panel) and salinity anomaly 
(lower panel) In the Fair Isle 
Current entering the N orth  Sea 
f v m  the N orth  Atlantic.

Data Provider: F isheries Research Sen/Ices - Aberdeen - UK 
Ref: ICES Report on Ocean C lim ate 2007
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Figure 47.
Area 9 -  Southern N orth  Sea. 
A nnual mean surface temperahire 
anom aly (upper panel) and 
salin ity anom aly (lower panel) at 
Station Helgoland Roads.

Data Provider: AW1/BAH (A lfred-W egener-lnstitu t /  B io log ische A nsta lt Helgoland) - G erm any 
Ref: ICES Report on Ocean C lim ate 2007
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Figure 4S.
Area 9 -  Southern North  
Sea. Normalized sea surface 
temperature anom aly (upper 
panel) and salinity anomaly 
(lower panel) relative to 
1971-2000, measured along 
52°N, a regular ferny at six 
standard stations. The time- 
series reveals the seasonal section 
average (DJF, M A M , JJA, SO N ) o f 
the nonnallzed variable.
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Figure 49.
Areas 8 and 9 -  Northern and 
southern North Sea. North 
Sea area-averaged sea surface 
temperature (SST) annual 
cycle; monthly means based on 
operational weekly North Sea 
SST maps.

4.14 Area 9b -  Skagerrak, Kattegat, and the 
Baltic

T H E  S E A S  I N A R E A  9 b  ARE C H A R A C T E R I Z E D  BY LARGE  

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  SEA  

ARE P R E S E N T .  T H E  K A T T E G A T  IS A T R A N S I T I O N  AR E A  

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

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

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

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

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

I N N E R  B A S I N S .  I N T H E  RE LATI VE LY S H A L L O W  AR E A  

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

RE L ATI VE L Y Q U I C K L Y ,  A N D  T H E  C O N D I T I O N S  I N T H E  

D E E P  W A T E R  ARE VE RY VA R I AB L E .  S U R F A C E  S A L I N I T Y  IS 

VE RY L O W  I N T H E  BALT I C P R O P E R  A N D  T H E  G U L F  O F  

B O T H N I A .  T H E  LATTER A R E A  IS ICE C O V E R E D  D U R I N G  

W I N T E R .

O w ing to its central location relative to the 
Skagerrak, K attegat, and  Baltic, the w eather in 
Sw eden can be taken  as representative for the area. 
M ean air tem perature  during 2007 w as 1.5-2°C 
above norm al in  m ost parts of Sw eden, b u t no t 
quite as h igh as in 2006. January, M arch, and April 
w ere w arm er th an  norm al, and  in  June, a hea t wave 
set in. As in the previous year, D ecem ber 2007 was 
unusually  w arm . P recipitation w as above norm al

th roughou t Sw eden, and  the fresh-w ater input 
to Skagerrak-K attegat w as large during January- 
M arch and  July.

Sea surface tem perature  w as well above norm al at 
the beg inn ing  of the year in  the w hole area except 
B othnian Bay. W arm w eather in  the first half of 
June also gave rise to h igher-than-norm al SSTs. 
This heating  period ended  in  late June, earlier in 
the n o rth  th an  in  the south. For the rest of the year, 
tem peratures w ere close to norm al.

There w ere a num ber of m inor inflows of salty and 
oxygen-rich w ater to the Baltic, b u t none of them  
reached the deeper parts of the Baltic P roper w here 
w ater w as stagnant.

The freeze-up w as late during w in ter 2006/2007, 
as in  the previous ice season. In January 2007, ice 
cover w as small, bu t at the end  of the m on th  and 
in  February, cold w eather in  the n o rth  accelerated 
the ice grow th. M axim um  ice extent occurred early, 
by 23 February, and  the ice w in ter w as classified as 
mild.

A N  U N U S U A L L Y  W A R M  W I N T E R  W I T H  LES S  T H A N  

N O R M A L  ICE E X T E N T  F O R  T H E  BALTI C A R E A .

4 6 / 4 7
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Figure 50.
Aren 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
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Data Provider: SMHI - Swedish M eteoro logical and Hydro logica l Institute 
Ref: ICES Report on O cean C lim ate 2007
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Figure 51.
Area 9b -  Skagerrak, Kattegat, 
and the Baltic. M onthly surface 
temperature (left panel) and 
salinity (right panel) at Station 
BY15 (east o f Gotland) in the 
Baltic proper.
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Data Provider: FI MR - Finnish Institute o f Marine Research - Finland
Ref: ICES Report on Ocean Climate 2007

11 Figure 52.
Area 9b -  Skagerrak, Kattegat, 
and the Baltic. Salinity at Station 
LL7 in the Gulf o f Finland.
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Data Provider: FIM R - F inn ish Institu te  o f Marine Research - Fin land 
Ref: ICES Report on O cean C lim ate 2007

5.0 Figure 53.
Area 9b -  Skagerrak, Knttegat, 
and the Baltic. Salinity at Station 
B03 In Bothntan Bay.
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Data Provider: FIM R - Finnish Institu te  o f M arine R esearch - Fin land 
Ref: ICES Report on O cean C lim ate  2007

7.5 Figure 54.
Area 9b -  Skagerrak, Knttegat, 
and the Baltic. Salinity at Station 
SR5 In the Bothntan Sea.
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Data Provider: SMHI - Sw edish  M eteoro logical and H ydro logica l Institute 
Ref: ICES Report on O cean C lim ate  2007

400 Figure 55.
Area 9b -  Skagerrak, Knttegat, 
and the Baltic. The lee extent In 
the Baltic starting f v m  1961.
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4.15 Area 10 -  Norwegian Sea

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

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

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

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

N O R W E G I A N  S E A  T H R O U G H  T H E  F A R O E - S  H ETL AN 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  

VIA T H E  FAROE F R ONT .  A SMALLER B R AN 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 W A R D S  AS  T H E  N O R W E G I A N  

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

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

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

I N T O  T H E  A R C T I C  O C E A N  AS  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  sou th  to n o rth  in  the eastern  
N orw egian Sea show  the developm ent of 
tem perature  and  salinity in  the core of the AW 
(Svinoy, Gimsoy, and  Sorkapp). In general, there 
has been  an increase in tem perature  and  salinity in 
all three sections from  the m id-1990s to the present. 
In 2007, tem perature  in  the Svinoy section w as the 
h ighest in  the tim e-series. In the o ther sections, 
b o th  tem perature and  salinity decreased from 2006 
to 2007, b u t w ere still above the long-term  m ean.

In 2007, tem peratures and  salinities w ere 0.9°C, 
0.4°C, and  0.6°C, and  0.05, 0.04, and  0.07 above the 
long-term  m ean  for the tim e-series in the Svinoy, 
Gimsoy, and Sorkapp sections, respectively. The 
h igh salinity values reflect saltier AW in the Faroe- 
Shetland C hannel.

O cean W eather Station "M " located at 66°N 2°E 
revealed the 2007 tem perature and salinity at 50 m 
to be above the long-term  m ean, a lthough  there 
w as a slight decrease in b o th  from 2004 values.

Figure 56.
Area 10 -  Norwegian Sea. 
Average temperature (upper 
panel) and salinity (lower panel) 
above the slope at three sections, 
Svinoy (63°N), G im soy (69°N), 
and Sorkapp (76°N).

Data Provider: IMR - Institu te  o f Marine Research - Norway 
Ref: ICES Report on O cean C lim ate 2007
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Figure 57.
Area 10 -  Norwegian Sea. 
Temperature anomaly (upper 
panel) and salinity anomaly 
(lower panel) at 50 m at Ocean 
W eather Station "M ike” (66°N  
2°E).

Data Provider: Geophysical Institute - University o f Bergen - Norway 
Ref: ICES Report on O cean C lim ate 2007
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Figure 58.
Area 10 -  Norwegian Sea. 
Monthly temperature (left panel) 
and salinity (right panel) at 50 m 
at Ocean Weather Station "Mike" 
(66°N 2°E).
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4.16 Area 11 -  Barents Sea

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

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

T H E  I N F L O W  S H O W 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 O N S E Q U E N T L Y ,  H E A T  

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

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

After a period w ith h igh  tem peratures in  the first 
half of the 1990s, tem peratures in th e  Barents Sea 
dropped to values slightly below  the long-term  
average over the w hole area in  1996 and  1997. 
From M arch 1998, tem perature  in  the w estern  area 
increased to just above average, w hereas tem perature  
in  the eastern  areas 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 
tha t also spread to the eastern  part. Since then , 
tem perature  has stayed above average.

In the sou thern  Barents Sea, w ater tem perature  
anom alies in 2007 w ere about 1°C above the long
term  m eans. Tem perature of the Atlantic W aters 
varied betw een  0.7°C and  1.7°C h igher th an  norm al 
th roughou t the year, depend ing  on  tinae and  place.

D uring the first half of the year, positive anom alies 
w ere predom inantly  h igher th an  during the second 
half.Tem perature conditions in 2007 w ere generally 
close to those in 2006, the w arm est year ever 
observed in  the Barents Sea. The total ice extent of 
the sea w as m uch  low er th roughou t the year th an  
the long-term  average, and  sea ice w as no t observed 
during w in ter sou th  of 76°N.

C urrent m easurem ents show ed tha t 2006 was an 
extreme year, w ith  bo th  the h ighest (in w inter) 
and  low est (in spring) inflow observed. At the 
beg inn ing  of 2007, inflow  had  increased to just 
below  the long-term  m ean, bu t th en  underw en t 
ano ther strong  decrease during spring 2007. D ata 
are only available until sum m er 2007, bu t w ind 
conditions during au tum n  2007 indicate a relatively 
w eak inflow  also in  the last part of the year. Because 
inflow  w as very low  in 2007 com pared w ith  earlier 
years, it is expected to increase in  2008.

W ater tem perature in  the Barents Sea in  2008 is 
expected to be h igher th an  the long-term  m ean. As 
inflow  is expected to increase after the w eak inflow 
in  2007, tem perature  will probably be as h igh  as or 
even higher th an  in 2007.

Figure 59.
Area 11 -  Barents Sea.
Temperature anom aly (upper 
panel) and salinity anomaly  
(lowerpanel) in the Fugloya-Bear 
Island Section.
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Figure 60.
Area 11 -  Barents Sea.
Temperature (upper panel) and 
salinity (lower panel) in the Kola 
Section (0-200 m).

Data Provider: PINRO - Knipovichi Polar Research Institute o f Marine F isheries and O ceanography - Russia  
Ref: ICES Report on O cean C lim ate 2007
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4.17 Area 12 -  Greenland Sea and Fram 
Strait

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

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

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

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

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

IS T H E  B A R E N T S  S E A ) .  A T L A N T I C  W A T E R  IS C A R R I E D  

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

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

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

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

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

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

A lthough a slight decrease in AW tem perature  and 
a further drop in salinity occurred in the G reenland 
Sea (75°N) in 2007 relative to 2006, they w ere still 
m uch h igher than  their long-term  averages. At the 
w estern  boundary, the salinity of R eturn A tlantic 
W ater (RAW) dropped  significantly in 2007 from 
the record high in 2006, as did tem perature, w hich 
re tu rned  to the long-term  m ean.

Also, in sou thern  Fram Strait, at 76°30'N, the 
averaged properties of AW in the West Spitsbergen 
C urrent (WSC) w ere slightly low er th an  in 2006, 
bu t still h igher th an  the long-term  m eans. Both 
tem perature  and  salinity trends for this period are 
positive (m axim um  tem perature w as 3.93°C and 
m axim um  salinity 35.11).

In  no rth ern  Fram  Strait at 78°50'N, three 
characteristic areas can be d istinguished in relation 
to  the m ain  flows: the W SC betw een  the shelf 
edge and  5°E, the R eturn  A tlantic C urrent (RAC) 
betw een  3°W  and  5°E, and  Polar W ater in the East 
G reen land  C urrent (EGC) betw een  3°W  and  the 
G reen land  Shelf.

In2007, tem perature  and  salinity from  the upper layer 
(50-500 m) in  the W SC, w hich had  been  increasing 
for the last three years, d ropped significantly from 
2006, bu t w ere still m uch above their long-term  
averages. In  the AW recirculating w ith  the RAC, 
tem perature  and  salinity w ere close to 2006 values. 
Also, m ean  properties in the EGC rem ained similar 
to those recorded in 2006, still significantly exceeding 
the long-term  average. Because ice conditions 
p revented  sam pling in  w estern  Fram  Strait, a small 
increase in m ean  tem perature in the EGC dom ain 
m ost likely resulted from excluding a significant part 
of the area occupied by cold Polar Water.
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Figure 61.
Area 12 -  Greenland Sea and 
Fram Strait. Temperature (upper 
panel) and salinity (lower panel) 
at 200 m in the Spitsbergen 
Section (76°30'N).

The increase in  tem perature  and  salinity, w hich has 
b een  observed in  the RAC and  EGC since 2003, 
is related to the w estw ard  shift of the boundary  
betw een  the recirculating A tlantic and  Polar Waters. 
The hydrographic properties of AW (defined as w ater 
m ass w ith T  >2°C and  S >34.92) based  on sum m er 
sections, w hich had  revealed a clear positive trend  
over the previous seven years, d ropped  significantly 
in  2007. Also, the area of the cross section occupied 
by AW (a proxy for the am oun t of AW in Fram 
Strait), declined after five years of steady increase.

In 2007, a lthough  the w estw ard  limit of the 
recirculating AW w as no t reached, the observed AW 
layer thickness at the w estern  end  of the section 
suggested th a t it continued even farther west. 
A lthough thickness of the AW  layer in  the W SC in 
sum m er 2007 w as clearly low er th an  in  2006, the 
AW layer w as even thicker in the central and  deep 
w estern  part of Fram Strait th an  the previous year. 
The m axim um  AW tem perature  and  thickness w ere 
found in  late w in ter and  early spring.

The northw ard  flow, and  consequently  the volum e 
transport, in  the W SC from  m ooring  data  w as very 
h igh in  w in ter and  spring (similar to extreme values 
from  2005), b u t d ropped significantly in  sum m er
2007. A ccom panied by h igh  tem peratures, the 
increased volum e flux resulted  in  a very h igh  heat 
flux in  w inter, follow ed by a decrease in  spring and 
extrem ely low  values in  sum m er.T he w inter-centred  
averages of volum e and  heat transport in  the W SC 
in 2006/2007 rem ained similar to the previous year. 
In sum m er 2007, an extreme extent of very thick 
and  com pact sea ice as well as an enorm ously fast 
southw ard drift w ere observed in no rthern  Fram 
Strait.
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Figure 62.
Area 12 -  Greenland Sea 
and Fram Strait. Temperature 
(upper panel) and salinity 
(lower panel) anomalies o f the 
Atlantic Water (AW) and Return 
Atlantic Water (RAW) in the 
Greenland Sea Section at 75°N. 
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 .

35.15

35.10

35.05

35.00

34.95

34.90 '-----
1980

Dat a Provider: AWI - Alfred W e g e n e r  Institute for Polar and Marine Re s e a r c h  - Ge r ma ny  
Ref: I CES Report  on  O c e a n  Cl i mate  2 0 0 7

• Salinity RAW 
—+— Salinity AW

1985 1990 1995
Year

2000 2005

5 4 /5 5

5
Temperature °C WSC 

Temperature °C RAC 

Temperature °C EGC

4

3

2

0

Figure 63.
Aren 12 -  Greenland Sea and 
Fram Strait. Temperatnre (npper 
panel) and salinity (lower 
panel) anomalies In Fram Strait 
<73 > 0  ’N), in the W est Spitsbergen 
Cnrrent (WSC) between the shelf 
edge and 5°E, R ehm i A tlantic  
Current (RAC) between 3°W  
and 5°E, and Polar W ater In the 
East Greenland Current (EGC) 
between 3°W  and the Greenland 
She lf for the 50 -500  m  layer

Data Provider: AWI - Alfred W egener Institute fo r Polar and Marine Research - G erm any 
Ref: ICES Report on O cean C lim ate 2007
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5. DETAILED AREA 
DESCRIPTIONS, PART lis 
THE DEEP OCEAN

5.1 In tr o d u c t io n

In  this section, w e focus on  the deeper w aters of 
the  N ordic Seas and  N o rth  A tlantic, typically 
below  1000 m . The general circulation schem e and  
dom inan t w ater m asses are given in  Figure 64.

A T  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 N T E R E S 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  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 .  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  

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

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  L A T T E R  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 .

T H E  D E E P  S O U T H W A R D  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

I S  F E D  BY T H E  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 .  

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

T H  E D E N M A R K  S T R A I T  S I L L ,  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 I S  O V E R L A I N  

BY A N  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  L A Y E R  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  I S  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  A M O U N T  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 64.
Schematic circulation o f the 
intermediate-to-deep waters in 
the Nordic Seas and North 
Atlantic. CBDW -  Canadian 
Basin Deep Water; EBDW -  
Eurasian Basin Deep Water; 
A I W -  Arctic Intermediate Water; 
GSDW  -  Greenland Sea Deep 
Water; N SD W  -  Norwegian Sea 
Deep Water; D SO W  -  Denmark 
Strait Overflow Water; ISO W
-  Iceland Scotland Overflow 
Water; L SW  -  Labrador Sea 
Water; DWBC -  Deep Western 
Boundary Current; A A B W  -  
Antarctic Bottom Water; M W
-  Mediterranean Water; LDW
-  Lower Deep Water. Possible 
convection regions marked by 
circled stars.
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5.2 N o r d ic  S e a s  d e e p  w a te r s

The deep w aters of the G reenland, Iceland, and 
N orw egian seas are all w arm ing. The longest 
tim e-series (the N orw egian Sea, A rea 10) reveals 
w arm ing  from  the m id-1980s; how ever, a slight 
decrease in  tem perature occurred in  2007. The 
continuous w arm ing  has b een  observed in  the 
G reen land  Sea deep layer at 3000 m  (Area 12) and 
in  the Iceland Sea in  the d ep th  range 1500-1800 m 
since the beg inn ing  of the tim e-series (early 1990s, 
A rea 3). The w arm ing  rates per decade are 0.13°C 
(G reenland Sea), 0.06°C (N orw egian Sea), and 
0.06°C (Iceland Sea). The source of the w arm ing is 
the deep outflow  from  the Arctic O cean, a south- 
going current of the Eurasian and  C anadian  Basin 
D eep W aters and  upper Polar D eep W ater found on 
the w estern  side of Fram  Strait around  a dep th  of 
2000 m. The G reenland Sea D eep W ater is w arm ing 
fastest ow ing to the m ost 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 m ixing betw een  their ow n am bient 
w aters w ith  G reenland Sea D eep W ater and  Arctic 
outflow  water.

The dom ing structure in the G reenland  Gyre is being  
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 inter 
convection dep th  has varied betw een  700 m  and 
1600 m, and  only in  sm all-scale convective eddies 
w as it significantly deeper. In w in ter 2006/2007, the 
m axim um  convection dep th  w as estim ated  to be

1200  m, sim ilar to th a t observed the previous w inter. 
The G reenland Sea D eep W ater had  previously 
included a sm all adm ixture of surface fresh w ater 
th rough  the convective process and, therefore, had  
a low er salinity th an  the Arctic outflow  w aters. The 
observed increase in  the G reenland  Sea D eep W ater 
salinity is likely an  ad justm ent to the Arctic outflow 
in the continued absence of deep convection. It is 
no t clear th a t there has been  any corresponding 
salinity trend  in  either the N orw egian or Iceland Sea 
D eep Waters in  recent decades. After som e decrease 
in  the early 1990s, salinity in bo th  deep basins has 
rem ained relatively stable the last decade.

T H E  D E E P  W A T E R S  O F  T H E  

G R E E N L A N D ,  I C E L A N D ,  A N D  

N O R W E G I A N  S E A S  A R E  ALL  

W A R M I N G .

Data Provider: AWI - A lfred W egener Institute fo r Polar and Marine Research - G ermany 
Ref: ICES Report on O cean C lim ate 2007

1600 Figure 65.
Area 12 -  Greenland Sea and 
Fram Strait. W inter convection 
depths in the Greenland Sea 
Section at 75°N.
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Figure 66.
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.
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Figure 67.
Area 3 -  Icelandic Waters. 
Temperature at 1500-1800 m in 
the Iceland Sea (68°N 12°40'W).
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Figure 68.
Area 10 -  Norwegian Sea. 
Temperature (upper panel) and 
salinity (lower panel) at 2000 m 
at Ocean Weather Station "Mike" 
(66°N 2°E).

Dat a Provider: Geophys i ca l  Institute - Universi ty of  Berge n  - Norway  
Ref: I CES Report  on  O c e a n  Cl imate 2 0 0 7
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5.3 North Atlantic deep waters

In  the deep layers of the F aroe-Shetland  C hannel 
(Area 7), the properties at 800 m  are the sam e as 
those of N orw egian Sea D eep W ater as it passes 
th rough  the C hannel back into the N orth  Atlantic. 
A fter a period of decline in  the 1990s, tem perature  
has increased since 2000 , bu t still rem ains low er 
th an  the h ighest tem peratures observed in  the 
1950s, 1960s, and  early 1980s. The relatively stable 
salinity in the first period of m easurem ents (1950 to 
mid-1970s) w as follow ed by a slow  decline th rough  
the next 15 years; since 1992, it has stabilized again. 
A  slight decrease w as observed in tem perature  and 
salinity from  2006 to 2007.

Salinity and  potential tem perature of the D enm ark 
Strait O verflow  W ater near Cape Farewell (Area 
5b) dem onstrate  considerable w ell-correlated 
in terannual variations betw een  1991 and  2006 
(correlation = 0 .7).The long-term  trends in  salinity 
and  tem perature  for the period 1991-2007 are no t 
significant. The long-term  standard  deviations of 
tem perature  and  salinity are 0.15°C and  0.014, 
respectively. In  2007 and  2006, the two h ighest

D enm ark Strait O verflow  W ater tem perature values 
since 1991 w ere observed. Evidence from  a m oored 
tem perature  salinity sensor suggests th a t the 
dom inan t tim e-scale of hydrographic variability is 
about eight m onths, well less th an  a year.

In  deep w aters at the Cape D esolation station 
(at 2000 m, Area 1), w hich  represen ts the W est 
G reenland and  D eep W estern B oundary C urrents, 
an  increase in  tem perature and  salinity w as observed 
betw een  1984 and  1989, follow ed by a cooling and 
freshening trend  th a t continued until the  late 1990s. 
A n increase in  tem perature  (~0.3°C per decade) has 
b een  observed since 1997, and  an  increase in  salinity 
(-0.05 per decade) has b een  observed since 1998.

T H E  H I G H E S T  T E M P E R A T U R E  IN 

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  

W A S  O B S E R V E D  IN 200J.
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Figure 69.
Area 7 -F aroe-Shetland Channel. 
Tenipemtnre (npper panel) and 
salin ity (lower panel) at 800 m  in 
the Faroe-Shetland Channel.
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Figure 70. ' M
Area 5b -  Irminger Sea. 
Temperature (upper panel) and  ̂^
sa lin ity (lowerpanel) in Denmark 
Strait Overflow Water on the East 1 2
Greenland Slope.
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Figure 71.
Area 1 -  W est Greenland.
Temperature (upper panel) and  
salinity (lower panel) at 2000 m  
at Cape Desolation Station  3, in 
the W est Greenland Current.

Data Provider: Institut fu r Seefischerei - G erm any - Institute fo r Sea Fisheries 
Ref: ICES Report on Ocean C lim ate 2007
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Belone
R V  "Lance” at the ice edge in 
Fram Strait. Image courtesy o f  
A . Beszczynska-Möller, ÄW1, 
Germany.

5.4 N o r th  A tla n t ic  in te r m e d ia te  w a te r s

In  the central Irm inger Sea (Area 5b), the cold and 
low-salinity core was observed betw een 1600 m  and 
2000 m  in the early 1990s as a result of the deep 
L abrador Sea W ater (LSW) form ation in 1988- 
1995. Since 1996, a quasi-continuous increase in 
tem perature  and  salinity has b een  observed (with 
one exception in 2000, w hen both  properties dropped 
tem porarily) as the LSW  mixes w ith  surrounding 
w ater m asses. The tem perature in  2007 re tu rned  
to its h ighest value, w hich had  b een  observed only 
once at the beg inn ing  of m easurem ents, before 
the cooling period. A fter a levelling of the salinity 
betw een  2002 and  2005, it increased again in  2006 
and  declined slightly in  2007.

In the Rockall Trough (Area 5), the core of the 
L abrador Sea W ater at 1800-2000 m  is defined 
as the part of the w ater colum n w ith  the low est 
stratification. This deep-w ater m ass dem onstrated  
con tinued  cooling, a trend  th a t has dom inated  the 
entire tim e-series.T he sim ilar long-term  freshening 
trend  has also continued; in  2007, b o th  tem perature  
and  salinity reached record-low  values. In particular, 
tem perature  decreased significantly after a transien t 
peak  in  2006, and  salinity w as low er by 0.05 than  
the last-decade m axim um  in 2005.
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Figure 72.
Aren 5b -  Inninger Sen. 
Tempemture (upper pnnel) nnd 
snltn tty (lower pnnel) ofLnbrndor 
Sen Wnter (nvernged over 1600-  
2000 m).

Figure 73.
Aren 5 -  Rocknll Trough. 
Tempemture (upper pnnel) nnd 
snltn tty (lower pnnel) ofLnbrndor 
Sen W nter (depth 1800-2000 m).

3.15

3.10

3.05

3.00

2.95

2.90

2.85
— 1— T em perature °C

2.80

2.75

Data Provider: Kon inklijk  Nederlands Instituut voor Z eeonderzoek (NIOZ) - Royal Netherlands Institute fo r Sea Research 
Ref: ICES Report on Ocean Climate 2007

34.93

34.92

34.91

34.90

34.89

34.88
Salinity

34.87

34.86

34.85
1990 1995 2000 2005

Y ear

4 0
— ■—  Tem perature °C
 5-yr S m oothed Data3 9

3 8

3.7

3 6

3 5

3.4

3 3

32

Data Provider: National O ceanography Centre Southam pton and Scottish Association fo r Marine Science 
Ref: ICES Report on O cean C lim ate 2007

35.04
— ■— Salinity 
 5-yr S m oothed Data35.02

35.00

34.98

34.96

34.94

34.92

34.90

34.88
1975 1980 1985 1990 1995 2000 2005

Year

ICES Report on Ocean C lim ate 2007

CONTACT INFORMATION

Area Figures Time-series Contact Institu te

1 West Greenland 10 Nuuk Air Temperature Manfred Stein
(manfre d. stein@vti .bund .de)

Danish Meteorological Institute, Copenhagen, 
and Seewetteramt, Hamburg

1 West Greenland 11,12, 71 Fylla Section and Cape 
Desolation Section

Manfred Stein 
(manfred.stein@vti.bund.de)

Institut für Seefischerei (Institute for Sea Fisheries), 
Germany

2 Northwest Atlantic 13,14,15 Sable Island Air Temperature, 
Cabot Straight Sea lee, 
Misaine Bank, Emerald Bank

Brian Petrie
(PetrieB@mar.dfo -mpo. gc .ca)

BIO (Bedford Institute of Oceanography), 
Fisheries and Oceans Canada

2 Northwest Atlantic 16,17,18 Sea lee, Cartwright Air 
Temperature, Station 27, CIL

Eugene Colboume 
(colbourn@dfo-mpo.gc.ca)

Northwest Atlantic Fisheries Centre, 
Canada

2b Labrador Sea 19,20,21 Section AR7W Ross Hendry 
(hendryr@dfo - m po. gc. ca)

Bedford Institute of Oceanography (BIO), 
Department of Fisheries and Oceans Canada

2c Mid-Atlantic Bight 22 Oleander and East of 
Boston Section

Bob Pickart 
(rpickart@whoi. e du)

Woods Hole Oceanographic Institute, US

2c Mid-Atlantic Bight 23,24 Georges Bank Maureen Taylor
(mtaylor@mercury. wh .whoi, edu)

NOAA Fisheries, NEFSC Oceanography Branch, US

3 Icelandic Waters 26,27,28, 
29,67

Air temperatures, Siglunes 
Station 2-4, Selvogsbanki 
Station 5, Langanes Station 2-6, 
Deep Data 1800 m

He dinn Valdimarsson 
(hv@hafro.is)

Hafrannsoknastofnunin (Marine Research 
Institute), Iceland

4 Bay of Biscay 30 San Sebastian sea surface 
temperature and air temperature

Victor Valencia 
(walencia@p as .azti. es)

AZTI, Aquarium of San Sebastian (SOG) and Igeldo 
Meteorological Observatory (AEMet) in  San Sebastian, Spain

4 Bay of Biscay 31,32 Santander Station 6 
(shelf break)

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

Instituto Español de Oceanografía (IEO; 
Spanish Institute of Oceanography), Spain

4b Northwest European 
Continental Shelf

33,34 Station El 10 m  salinity 
Continental Shelf

Tim J. Smyth 
(tjsm@pml.ac.uk)

Marine Biological Association and Plymouth Marine 
Laboratory, UK

4b Northwest European 
Continental Shelf

35 Malin H ead Weather Station Glenn Nolan
(Glenn .N olan@marine .ie)

Marine Institute (Met Eireann), Ireland

4b Northwest European 
Continental Shelf

36 M l Marine Weather Buoy Sheena Fennel 
(Sheena. Fennell@marine .ie) Marine Institute (Met Eireann), Ireland

5 Rockall Trough 37,73 Eilet Line N. Penny Holliday 
(nph@noc .soton. ac.uk)

National Oceanography Centre, Southampton 
and Scottish Association for Marine Science, UK

5b Irminger Sea 38, 70, 72 Irminger Sea H. M. van Aken 
(aken@nioz.nl)

Koninklijk Nederlands Instituut voor Zeeonderzoek 
(NIOZ; Royal Netherlands Institute for Sea Research)

6 Faroe Bank Channel 39,40 Faroe Bank Channel 
Faroe Current

Bogi Hansen 
(bogihan@frs .f o)

Fiskirannsoknarstovan
(Faroese Fisheries Laboratory), Faroe

6 Faroe Bank Channel 41 Faroe Coastal Oyrargjogv Karin Margretha Larsen 
(KarinL@frs.fo)

Fiskirannsoknarstovan
(Faroese Fisheries Laboratory), Faroe

7 Faroe-Shetland Channel 42,43, 69 Faroe-Shetland Channel Sarah Hughes (s.hughes@marlab.ac.uk) Fisheries Research Services (FRS), Aberdeen, UK

8&9 North Sea 44 Modelled North Sea Inflow Morten Skogen (morten@imr.no) Institute of Marine Research (IMR), Norway

8&9 North Sea 45 North Sea Utsira Solfrid Hjollo (solfrid.hjollo@imr.no) Institute of Marine Research (IMR), Norway

8&9 North Sea 46 Fair Isle Current Water Sarah Hughes (s.hughes@marlab.ac.uk) Fisheries Research Services (FRS), Aberdeen, UK

8&9 North Sea 47 Helgoland Roads, Coastal 
Waters, German Bight North Sea

Karen Wiltshire
(kwiltshire @awi -bremerhaven .de)

Alfre d- We gener- Institut/Biologische Anstalt 
Helgoland (AWI/BAH), Germany

8&9 North Sea 48 Section Average,
Felixstowe, Rotterdam, 52°N

Stephen Dye
(Stephen. dye @cef as. co .uk)

Centre for Environment Fisheries and 
Aquaculture Science (CEFAS), UK

8&9 North Sea 49 Sea Surface Temperature 
North Sea Average

Peter Lowe 
(peter .loewe@bsh .de)

Bundesamt für Seeschifffahrt und 
Hydrographie, Germany

9b Baltic Sea 50,51 Baltic Proper, East of Gotland 
Baltic Sea

Karin Borenas 
(karin .borenas@smhi. se)

Swedish Meteorological and 
Hydrological Institute, Sweden

9b Baltic Sea 52, 53,54 Baltic Sea, LL7, SR5 Pekka Alenius (pekka.alenius@fimr.fi) Finnish Institute of Marine Research (FIMR), Finland

9b Baltic Sea 55 Baltic Proper, SMHI 
Observed lee Extent

Karin Borenas 
(karin .borenas@smhi. se)

Swedish Meteorological and 
Hydrological Institute, Sweden

10 Norwegian Sea 56 Svinoy, Gimsoy, 
and Sorkapp Section

Kjell Arne Mork
(kj ell .ame .mork@imr.no)

Institute of Marine Research (IMR), Norway

10 Norwegian Sea 57, 58,68 Ocean Weather 
Station "Mike", 50 m

Svein 0sterhus
(Svein. Osterhus@gfi .uib .no)

Geophysical Institute, University of Bergen, 
Norway

11 Barents Sea 59 Fugloya, Bear Island Section 
Western Barents Sea, 
Atlantic Inflow

Randi Ingvaldsen 
(randi .ingvaldsen@imr.no)

Institute of Marine Research (IMR), Norway

11 Barents Sea 60 Kola Section, 
Eastern Barents Sea

Oleg V. Titov Knipovich Polar Research Institute of Marine 
Fisheries and Oceanography (PINRO), Russia

12 Greenland Sea 
and Fram Strait

61 Greenland Sea Section 
West of Spitsbergen 76.5°N

Waldemar Walczowski 
(walczows@iopan. gda.pl)

Institute of Oceanology, Polish Academy of Sciences 
(IOPAS), Poland

12 Greenland Sea 
and Fram Strait

62,65,66 Greenland Sea Section 75°N G. Budeus
(Gereon. Budeus@awi. de)

Alfred Wegener Institute for Polar 
and Marine Research (AWI), Germany

12 Greenland Sea 
and Fram Strait

63 Fram Strait, West Spitsbergen 
Current, Section Average 5°E 
to  shelf edge

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

Alfred Wegener Institute for Polar 
and Marine Research (AWI), Germany
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