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Teleconnections

➢ Existence of large scale correlations in the flow at 
remote locations.
 

➢ Take the form of standing waves with fixed nodes and antinodes
 of low-frequency oscillations.
 

➢ Often orientated in such a way as to indicate connections between 
tropical and midlatitude low frequency transients.

➢ How to detect teleconnection patterns?
➢ Use monthly mean data
➢ Simplest method, correlation matrix:

where Qi(t) is a variable (time,space)
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Trains of waves are very similar
to Rossby wavetrains.

Wallace & Gutzler 1981
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Wavelet Power spectrum

NAO PNA

No preferred time scale for NAO and PNA during whole period, but
NAO has a significant 8 yr peak and PNA a 2-4 yr significant band.

Handorf & Dethlof 2012
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SAM = OA



SAM disminuye RR y aumenta T sobre sudeste 
S.A.

Precipitaciones TemperaturaOND



Mo & Paegle 2001



 The similarity between teleconnection patterns and trains of 
steady Rossby waves suggests that propagation of waves with 
zero, or small, phase speed is a likely mechanism that can 
give rise to teleconnection patterns.

 The patterns could be excited by a tropical heating anomaly 
consequence of warmer than usual SST.

Warm SST → ascent → tropical heating → 

vorticity generation → Rossby wave

Tropically forced Rossby wave trains



How can an SST anomaly excite extratropical waves?

Consider the vorticity equation at 200mb (no friction)

If
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Rossby wave source (S)
Vortex stretching + advection of vorticity

Rossby wave propagation
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James (1993)

Large divergent flow
close to subtropics where
vorticity increases



Rossby wave sources
are maximum in
subtropics even though
divergence is maximum
in equatorial areas.



During El Niño the atmospheric heating anomaly generates wave trains 
in the upper atmosphere that connect remote regions.

Why do they follow that path?



Consider a mean flow of the form U=U(y), linearize the barotropic vorticity
equation, assume (eddy relative vort)<dU/dy  and consider that the forcing is
concentrated in a small region. We obtain

Searching for solutions of the form

We get the dispersion relation of Rossby waves

which are westward propagating waves (relative to the mean flow)
(K=k2+l2).

For steady Rossby waves w=0 and

l is real (allowing existence of waves) if Ks = ((β-U
yy

)/U)1/2 > k

Since  β > U
yy

 there is no wave propagation in easterlies (U<0).  
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Decrease of Ks with
latitude.



U β-U
yy

Ks

McIntosh&
Hendon



If propagation is possible we want to find the path of the wave.

Group velocity

Then the propagation direction is given by 
(w.r.t zonal direction) 

And the magnitude of the group velocity can be written as

which states that when the propagation is zonal the speed is 2U and when 
nearly meridional the velocity is small.





As the wave propagates meridionally the (β-U
yy

) changes. If those changes 

happen over a distance that is large compared with the wavelength of the wave
it is possible to make predictions about the path of the wave using the WKB
(Wentzel-Kramers-Brillouin) approximation. 

The condition might be true in the zonal, but not in the meridional 
direction. 

Under the assumption of U=U(y) the wave number k will remain
constant and l will change in order to satisfy the local dispersion relationship
as the wave moves meridionally.

For stationary Rossby waves the propagation will be given by
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N.H.

Example of a tropically
forced wave

β decreases with latitude
Uyy is max in jet streams

At Uyy=β Ks becomes
imaginary.

Aproximation breaks, l becomes
negative and wave is refracted

k constant , k 2l 2=Ks2





Magaña&Ambrizzi 2005

Waves “reflect” at maximum of upper level winds



Since the mean flow changes 
seasonally, the Rossby wave response
to tropical forcing changes.



Example of a Rossby
wave generated in 
extratropics: orography,
land-sea contrasts, excitation
by transient baroclinic systems

U=0 is a critical line 
because Ks becomes
large and then imaginary.

As Ks becomes large, l 
also does, and the meridional
group velocity decreases. 
The wave will be “absorbed”
at the critical latitude.

 

k constant , k 2l 2=Ks2

NH





Diciembre-Febrero

Ambrizzi & Hoskins 1993



In principle the hemispheres 
are independent because 
there are mainly easterlies 
in the tropics. Except in 
the “westerly duct” 

Freitas et al 2024



Freitas et al 2024
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