
The Quasi-stationary Circulation

Stationary Rossby waves

The forcing of the Annular Mode.

Preferential quasi-stationary modes.

Lecture 3:



The quasi-geostrophic (QG) potential vorticity
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Relative vorticity

Planetary vorticity

Baroclinic vorticity

In an homogeneous atmosphere Q could express only as:
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The perturbation QG potential vorticity q can be determine by the first eq.
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The linear eq. of (1) assuming q << Q and a constant westerly flow U

Stationary planetary waves in a beta plane f=fo+ (y-yo)



We try to see how a small perturbation to Q will behave, we assume 
the form of the perturbation to be:
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Where k and l are the wavenumbers in x and y respectively and is the frequency. Remembering that: 
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Is proportional to the stream function

Where the geostrophic wind components are also proportional to the stream 
function.

Using the perturbation q eq.

we can derive the dispersion relation; a relation between the wavenumers and the frequency:
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Doppler shifted

The phase velocity is not a vector, its components are not the speed of the wave in each 
direction. Still we can define the speed of the wave in the x and y directions as follow.
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The group velocity is a vector
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For stationary waves the condition that = 0 gives a condition for the wavenumbers.
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would be ~6280km if the wind speed was 15m/s instead of 60m/s. If you replace the 
above condition of the stationary wave numbers into the Cg
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Only is possible for westerly flow U>0

Energy only flows downstream always positive
In the zonal direction. In te meridional direction 
could be to the north and/or south depending on 
the sign of l. 













































Quasi-stationary Modes in the Atmosphere and Ocean

Blocking: 1~2 weeks
Asian Monson      2~3 months
MaddemJulian Oscillation MJO: 30~40 days
ENSO: El Nino La Nina: 3~4 year cycle
Pacific North America PNA:  months
North Atlantic Oscillation NAO: weeks to months
Pacific South America PSA  months
Artic Oscillation AO  
Antarctic Oscillation AAO:
Seasonal and annual cycles. Months 
Decadal Oscillation: few years







Climate into the 21st Century, WMO



Climate into the 21st Century, WMO



ENSO: El Niño Southern 
Oscillation

From the Climate Prediction Center website



Determined by anomalies in SLP between the 
Icelandic Low and the Azores High pressure 
systems (2-10 yrs)

Affects weather and climate in the region of 
the Atlantic Ocean

North Atlantic Oscillation 
(NAO)

Positive phase

Negative phase



Arctic Oscillation (AO)
Seesaw of atmospheric mass between the polar cap and mid-

latitudes (10-40 yrs)
Affects climate and storm tracks in the northern hemisphere



Zonal pressure fluctuations between Mid- and high latitudes of the 
Southern Hemisphere (~5 yrs)

Mainly affects the southern hemisphere but may have 
teleconnections to northern hemisphere climate

Antarctic Oscillation 
(AAO)



Characterized by SST anomalies in different parts of 
the Pacific (20-30 yrs)

Mainly affects the north Pacific regions

Related to ENSO

Pacific Decadal Oscillation 
(PDO)

SSTs

Cool phase

Warm phase



Climate into the 21st Century, WMO

Antarctic Circumpolar Wave
The stretching and compression of the sea ice by the wind 
produce a very slow propagating wave (~3 years)



Determined by pressure/height 
anomalies at several different 
points across the Pacific into 
North America (<1yr-4yrs)

Atmospheric flow near the west 
coast of North America is out of 
phase with the flow of the Eastern 
Pacific and Southeast United 
States

Pacific/North American 
Pattern (PNA)



Things to remember from Lecture 3

Planetary waves could be stationary and radiate energy 
downstream. These waves are main component of the 
atmospheric quasi-stationary patterns.

Land-sea contrast, topographic features etc can force 
quasi-stationary wave patterns. Also a major forcing are 
the high-frequency waves (periods less than 15 days 
(baroclinic and barotropic waves).

The variability of these waves year to year tend to 
produce the inter annual variability in climate.

Even in the shorter time-scale they con produce blocking 
events that modifies the regional weather patterns. 

Whether  SST anomalies or/and the high frequency wave 
activity tend to force quasi-stationary modes that produce  
climate variability NAO, ENSO, PNA, PSA etc.


