The North Atlantic Oscillation

- characteristics

- climate impacts

- stratospheric origin
- 0cean response

- coupled processes
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Figure 5. One-point correlation maps of 500 hPa geopotential
heights for boreal winter (December-February) over 1958-2001. In
the top panel, the reference point is 45°N, 165°W, corresponding to
the primary center of action of the PNA pattern. In the lower panel,
the NAO pattern is illustrated based on a reference point of 65°N,
30°W. Negative correlation coefficients are dashed, the contour
increment is 0.2, and the zero contour has been excluded.
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Figure 6. Leading empirical orthogonal functions (EOF 1) of the seasonal mean sea level pressure anomalies in the
North Atlantic sector (20°-70°N, 90°W-40°E), and the percentage of the total variance they explain. The patterns are dis-
played in terms of amplitude (hPa), obtained by regressing the hemispheric sea level pressure anomalies upon the lead-
ing principal component time series. The contour increment is 0.5 hPa, and the zero contour has been excluded. The
data cover 1899-2001 [see Trenberth and Paolino, 1980].



Changesin SLP and
surface winds:

NAO positive:
Increased meridional
pressure gradient
and westerly winds.
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Figure 7. The difference in boreal winter (December-February) mean sea level pressure and 1000 hPa vector winds between
positive (hi) and negative (lo) index phases of the NAO. The composites are constructed from winter data (the NCEP/NCAR
reanalyses over 1958-2001) when the magnitude of the NAO index (defined as the principal component time series of the
leading empirical orthogonal function of Atlantic-sector sea level pressure, as in Figures 6 and 10) exceeds one standard
deviation. Nine winters are included in each composite. The contour increment for sea level pressure is 2 hPa, negative val-
ues are indicated by the dashed contours, and the zero contour has been excluded. The scaling vector is 3 m s
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Cluster analysis of SLP
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Figure 9. Boreal winter (December-March) climate regimes in sea level pressure (hPa) over the North Atlantic domain
(20°-70°N, 90°W-40°E) using monthly data over 1900-2001. Shaded areas exceed the 95% confidence level using T and
F statistics [see Cassou, 2001]. The percentage at the top right of each panel expresses the frequency of occurrence of
a cluster out of all winter months since 1900. The contour interval is 1 hPa.



SLP-based Indices (Dec-Mar)

NAQO (Station)
-2 B | . .
NAO index: difference of
0 — normalized SL P between
Lisbon and Reykjavik
-2 —
2 218
0
—2 o] - .
= Persistent positive
i perturbations
0
-2 —
| | ! | r |
1860 1880 1900 1920 1940 1960 1980 2005

Figure 10. Normalized indices of the mean winter (December-March) NAO constructed from sea level pressure data.
In the top panel, the index is based on the difference of normalized sea level pressure between Lisbon, Portugal and
Stykkisholmur/Reykjavik, Iceland from 1864 through 2002. The average winter sea level pressure data at each station
were normalized by division of each seasonal pressure by the long-term mean (1864-1983) standard deviation. In the
middle panel, the index is the principal component time series of the leading empirical orthogonal function (EOF) of
Atlantic-sector sea level pressure (bottom panel of Figure 8). In the lower panel, the index is the principal component
time series of the leading EOF of Northern Hemisphere sea level pressure (top panel of Figure 8). The heavy solid lines
represent the indices smoothed to remove fluctuations with periods less than 4 years. The indicated year corresponds to
the January of the winter season (e.g., 1990 is the winter of 1989/1990). See http://www.cgd.ucar.edu/~jhurrell/nao.html
for updated time series.
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Figure 11. The time history of occurrence of the NAO regimes (panels a and b of Figure 9) over 1900-2000. The ver-
tical bars give the number of months in each winter (December-March) season that the given regime is present. The indi-
cated year corresponds to the January of the winter season (e.g., 1990 is the winter of 1989/1990).
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Figure 14. Twenty-two (1981-2002) winter (December-March)
average (a) land surface and sea surface temperature anomalies
and (b) sea level pressure anomalies expressed as departures from
the 1951-1980 means. Temperature anomalies > 0.25°C are indi-
cated by dark shading, and those < -0.10°C are indicated by light
shading. The contour increment is 0.1°C for negative anomalies,
and the 0.25, 0.5, 1.0, 1.5, and 2.0°C contours are plotted for pos-
itive anomalies. Regions with insufficient temperature data are not
contoured. The same shading convention is used for sea level pres-
sure, but for anomalies greater than 2 hPa in magnitude. The con-
tour increment in (b) is 1 hPa.
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Power Spectrum NAO Index
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Figure 12. Power spectrum of the mean winter (December-March) NAO index over 1899-2002, defined as in the mid-

dle panel of Figure 10. Also shown is the corresponding red noise spectrum with the same lag one autocorrelation coef-
ficient (0.24) and the 5 and 95% confidence limits.

Slightly red spectrum



NAQO impacts



Impact of NAO on storm tracks
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Figure 15. In the top panel, mean storm tracks for 1958-1998
winters (December-March) as revealed by the 300 hPa root mean
square transient geopotential height (gpm) bandpassed to include
2-8 day period fluctuations. Values greater than 70 gpm are shad-
ed and the contour increment is 10 gpm. In the lower panel,
anomalies are expressed in terms of amplitude (gpm) by regres-
sion onto the NAO index (defined as in the middle panel of
Figure 10). The contour increment is 2 gpm, and anomalies
greater than 4 gpm in magnitude are shaded. The data come from
the NCEP/NCAR reanalyses.



Impact on fresh water flux



|mpact on surface temperature









NAQO: amode of internal
atmospheric variability



Atlantic or hemispheric phenomena?

NAO or AO (Arctic Oscillation)

Leading EOF of sealevel pressurein
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/NAQO: time scale of about 10 days



Coupling of stratosphere and troposphere



Average daily sealevel pressure
assoi cated 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 seaice















Circulation/Gulf stream response



Changes in water masses.

Subtropical mode water
L abrador Sea water



Changes in water
mass characteristics



Summary of ocean changesto 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









Czgjaand 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
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Correlation of SST and precipitation with Tropical Atlantic Dipole
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| nteraction with the atmosphere?












