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Overview
1. Recent oceanic indices – Pacific and 

Atlantic
2. The North Atlantic subpolar gyre

a. Marine climate
b. Plankton
c. Pelagic gadoid (blue whiting)
d. Pilot whales

3. Sub-decadal ocillations
a. Impact on on-shelf ecosystems 
(kittiwake breeding succes).
b. Potential predictability

4. A possible Pacific-Atlantic Teleconnection



1. Popular Climate Indices: 
Atmospheric (SLP) patterns
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1. Popular Climate Indices: 
Sea Surface Temperature (SST) patterns



North Pacific Gyre Oscillation 
(NPGO)

(Di Lorenzo et al., 2008 GRL)

(Based on sea surface height, SSH)
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The energetic and productive 
North Atlantic Ocean
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Mixed layer depth seasonal cycle



Net Primary Production (NPP)

The energetic and productive 
North Atlantic Ocean

(Behrenfeld et al., 2006 Nature)



2.The North Atlantic Subpolar Gyre 
and Marine Ecosystems
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2a. The Subpolare Gyre
and the marine climate

(Hatun et al., Science 2005)
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2a. The Subpolare Gyre
and the marine climate
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Atlantic Climate Indices (and proxies)
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2a. The Subpolare Gyre
and the marine climate

Large mid-1990s changes!



2b. The Subpolar Gyre
and the marine ecosystem

Phytoplankton

Zooplankton

Blue whiting

Pilot
whales



Continuous Plankton Recorder (CPR)
(SAHFOS, Plymouth)

Towing lines since the 1940s



Calanus finmarchicus

2b. The Subpolar Gyre and plankton
- Space

Sea Surface Height
Hátún et al., Science, 2005

Phytoplankton

Sea Surface Temperature
Beaugrand, Science 2002

(1955-2005)

(Hátún et al., Progress in Oceanography, 2009)
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2b. The Subpolar Gyre and plankton
- Time

Weak gyre Weak

Strong

(1955-2005)

(Hátún et al., PIO, 2009)



Conclusions regarding Plankton 
(from Hátún et al., 2009)

• More subtropical influence after 1995
• Much more phytoplankton after 1995!
• Higher abundance of warm-water 

zooplankton species (not shown)

• Lower abundance of sub-arctic zooplankton 
species (Calanus finmarchicus)



2c. Blue whiting 
(Micromesistius poutassou)



2c.Blue whiting

(Hátún et al., PIO, 2009)
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Stor endringer i kolmule bestanden

Largest fishery 
in the North Atlantic!

A threefold stock-size increase

SST (in Rockall Areal)

Stock size (<- shifted 3 years)

(Hátún et al., PIO, 2009)



Warm (1998-2003)Cold (1990-1996)

Spatial Shifts 
(Catches – all nations)

1997

Migration

(Hátún et al., PIO, 2009)

Spawning
distribution

(Hátún et al., CJFAS, 2009)



Cold years – Faroe-Shetland Ch.

(PIO, 2009)



Warm years – Iceland-Faroe region

(PIO, 2009)

Stronger prim. production
and probably more food



2d.The Subpolar Gyre and 
Long-finned Pilot Whales 

(Globicephala melas)



2d. Pilot Whale Migration
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Pilot whales in the Faroe Islands

(Hátún et al., PIO, 2009)
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Pilot whales

The gyre-ecosystem link over three centuries!

(Hátún et al., PIO, 2009)



Arctic

Arctic

The gyre warps biological provinces
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Lusitanean (Source: Ekman, 1953)

North Atlantic Drift
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3. Sub-decadal Oscillations
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3. Sub-decadal Oscillations

Inter-decadal trend
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3. Sub-decadal Oscillations
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3. Sub-decadal Oscillations
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Subtr. Gyre
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Sverdrup Transport
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Transports 
from the Inter-gyre region (47°N)

1985 1990 1995 2000 2005
Year

-6

-5

-4

-3

-2

-1

0

S
verdrup transport [S

v]



1985 1990 1995 2000 2005
-1

0

1

2

3

4

5

S
im

ul
at

ed
 to

ta
l t

ra
ns

po
rt 

[S
v]

Year

-6

-5

-4

-3

-2

-1

0

S
verdrup transport [S

v]
Transports 

from the Inter-gyre region (47°N)

Micom



The opposing THC and Sverdrup transports 
(at ~ 47 °N)
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An along-Continental Slope 
perspective

(Data availability) Decompose onto a slope-axis

Porcupine



Sverdrup Transport 
shifted 1.5 yrs

Sverdrup Transport 
and Saline Pulses (300 m depth)



Kittiwakes – Breeding Succes
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Potential for Prediction!



A Possible Pacific-Atlantic 
Teleconnection
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Gyre Mode 
Satellite altimetry

Spatial pattern Time series
(gyre index)

Sea surface height:



Sub-decadal oscillations (SDO)
Sea surface height:

Spatial pattern Time series
(SDO index)



SDO index and 
the Sverdrup transport
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Polar Vortex

Westerlies
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Messages

• The North Atlantic subpolar gyre 
regulates ecosystems in the NE Atlantic

• A mechanistic understanding

• Potential for prediction

• Possibly a Hemispheric Teleconnection



2e. Atmospheric Forcing

(Hátún et al., 2007)

Correlations:
Gyre index and



Post-95 Decline – 
Decreases Heat Fluxes

0-wind stress curl

Due to heat fluxes only
Due to

wind stress

Inter-decadal Trend

Sub-decadal
Oscillations

(Lohmann et al., 2009 GRL)
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