
The North Atlantic Oscillation

- characteristics
- climate impacts
- stratospheric origin
- ocean response
- coupled processes



Teleconnectivity of
the atmosphere:
PNA and NAO

PNA

NAO



NAO: year round 
phenomenon
strongest in winter



Changes in SLP and 
surface winds:

NAO positive:
increased meridional
pressure gradient
and westerly winds.





Cluster analysis of SLP



NAO index: difference of 
normalized SLP between 
Lisbon and Reykjavik

Persistent positive 
perturbations



Cluster analysis: 'time series'



Low frequency 
variability/trend

Temperature

Surface pressure



Slightly red spectrum



NAO impacts



Impact of NAO on storm tracks

Northward shift of storm track



Impact on fresh water flux



Impact on surface temperature







NAO: a mode of internal
atmospheric variability



Atlantic or hemispheric phenomena?

NAO or AO (Arctic Oscillation)

Leading EOF of sea level pressure in 
northern hemisphere (top) and 
in Atlantic sector  are similar, but 
differ in Pacific sector.



Similarity of northern and southern hemisphere annular modes



Equivalent barotopic
largest in stratosphere



Stratosphere: time scale of several weeks
Troposphere/NAO: time scale of about 10 days

 



Coupling of stratosphere and troposphere



Average daily sea level pressure
assoicated with strong polar vortex



Ocean Response







SST anomalies persist, consistent with reemergence, correlation of NAO
with SST leading might indicate an active ocean to atmosphere feedback



Advection of SST anomalies?



Impact on sea ice











Circulation/Gulf stream response



Changes in water masses:

Subtropical mode water
Labrador Sea water



Changes in water
mass characteristics



Summary of ocean changes to NAO forcing



Does the atmosphere respond
to the NAO induced SST 
anomalies?

Conclusion of these AGCM 
simulations with observed SST 
boundary forcing are controversial, 
see Bretherton and Battisti 2000.



Covariability of oceanic and atmospheric temperatures



Reddening of atmospheric spectra







Czaja and Marshall suggest that the enahnced variability results
from coupled feedbacks between SST, SLP and the Gulf stream



Possible link to thermohaline 
circulation





Tropical Atlantic Variability



Leading EOF of tropical Atlantic SST

Note that N and S SST
indices are poorly 
correlated



Correlation of SST and precipitation with Tropical Atlantic Dipole







PAU



Interaction with the atmosphere?








