Teleconexiones

Forzamiento de ondas de Rossby desde
los tropicos
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Teleconexiones

A PALAVRA teleconexio significa conexio a distancia e, em mete-
orologia, explica como anomalias que ocorrem em uma regio sio associadas
a anomalias em regides remotas. O termo “padrio de teleconexio”, ou sim-

plesmente “teleconexio”, refere-se a um padrib recorrente e persistente de

anomalias de uma determinada varidvel, por exemplo, pressio e circulacio
de grande escala, que cobre vastas ireas geograficas. Padrdes de teleconexio

sdo também conhecidos como modos preferenciais de variabilidade de baixa
frequéncia. Embora esses padrées possam persistir por varias semanas ou

meses, algumas vezes eles podem se tornar dominantes pOr VArios anos
consecutivos e, dessa forma, mostram uma parte importante da variabili-
dade interanual e interdecenal da circulacio atmosférica.



AS PRIMEIRAS evidéncias de teleconexdes globais surgiram
nas anilises de dados de pressio em superficie disponiveis no final do
século XIX (p.ex. Hildebrandsson, 1897; Lockyer e Lockyer, 1904). Quase
duas décadas mais tarde, Walker (1924) identificou trés grandes oscila-
¢bes atmosféricas: a Oscilacio do Atlantico Norte (OAN), a Oscilagdo du
Pacifico Norte (OPN) e a Oscilacio Sul (0S), que possui centros de acio
nos trépicos do HS. Em um artigo posterior, Walker e Bliss (1932, p. 60)

ESsAS conclusoes basearam-se em correlagées de pressio em
superficie, temperatura e precipitagio obtidas de estacoes de superficie
muito distantes entre si. Na época de sua divulgacio, seus resultados nio
foram bem aceitos pela comunidade cientifica, uma vez que a ideia era

extremamente nova e controversa. A OS voltou a ser estudada quando



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: i)

o . . rij = -
where Qi(t) is a variable (time,space) - 02 o7 Q}E 2




Teleconnections 500mb geopotential height (DJF)

Trains of waves are very similar
to Rossby wavetrains.
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Teleconnectivity map  T.=|min rij|
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Wavelet Power spectrum
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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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Fic. 20.4 Padrio da

QA obtido no primeiro
modo de variabilidade
interanual com anomalias
de pressao ao nivel do
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Figure 1. (a) EOF 2 (PSAIl) and (b) EOF 3 (PSA2) of the 500-hPa seasonal mean height anomalies. Contour interval five
non-dimensional units. Zero contours are omitted, positive loadings are shaded. (c) Same as (a) but for EOF 3 of the 200-hPa eddy
streamfunction anomalies (psi200) with zonal means removed, and (d) same as (c) but for EOF 4



Tropically forced Rossby wave trains

" 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
conseqguence of warmer than usual SST.

Warm SST - ascent - tropical heating -

vorticity generation » Rossby wave



How can an SST anomaly excite extratropical waves?

Consider the vorticity equation at 200mb (no friction)

0C _ _ou  0v B
Fradd Vi=—-CD D= 8x+6y’ C=f+E

|f V=V, +V,
vo=kxVuy, v, =Vy

Rotational Divergent

Then EZVZW , D:V2X

%%+v VC{=—CD- -V, VT

- > - >

Rossby wave propagation ~ Rossby wave source (S) 8=V (V).
Vortex stretching + advection of vorticity




We can now see how Rossby waves can be excited by tropical heating, even
though { is often small in the vicinity of the heating. The divergent flow will
be largest around the edge of the heating region, outside the region where D
is large. The gradients of { become large as one approaches the subtropics,
and so S can be large in the subtropics, either side of a tropical heating
maximum. Figure 8.5 illustrates this schematically.

Large divergent flow
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Fig. 8.5. Schematic illustration of the forcing of a train of Rossby waves by a

maximum of tropical heating. The hatched region indicates the region where Rossby
wave source function is large.

James (1993)
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Fig. 8.6. The Rossby wave source § for DJF, 1979-89 at 15kPa. (a) Contours of
absolute vorticity {, contour interval 2 x 1077 s, and vectors of the divergent wind
v,. The sample vector indicates 2ms~!. (b) S, contour interval 5 x 10~'"s=%, with
shading indicating negative values.



During El Nino 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

a - - ii L
@—%W-VC:—CD ) U+ (U =0,

Searching for solutions of the form {:- _ EE:‘{I:H#;F at)
We get the dispersion relation of Rossby waves
w = Uk — (B — Uy, )k/K>.
\(Nhiig ?Zr)e westward propagating waves (relative to the mean flow)
K=k?+1?).

For steady Rossby waves w=0 and =+ {(ﬁ —Up)/U - K } |

| is real (allowing existence of waves) if Ks = ((B-Uyy)/U)l’2 > k

Since 3> Uyy there is no wave propagation in easterlies (U<0).



than k. A typical tropospheric zonal wind is 15m s~!; at 45°N, B is
1.6 x 1071 m~1s~1. Assuming that Uy, is small compared to f, we find that
the total steady wavenumber is 1.04 x 10~ m™~!, which corresponds to zonal
wavenumber 4 or 5 at this latitude. Near the tropospheric jet core, —U,,
can be large, and could increase the total steady wavenumber. Equatorward
of the jet, U is smaller and B is larger, so we anticipate a general increase
in K as the subtropics are approached. Figure 6.9 shows K, calculated
using the 30kPa zonal wind for the southern hemisphere 1979 winter by way
of example. The K, is imaginary north of 9°S and has very large values
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Fig. 6.9. (a) The 30kPa zonal wind observed during the southern hemisphere FGGE
winter. {(b) The corresponding total steady wavenumber K,. (From James 1988.)
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If propagation is possible we want to find the path of the wave.

Group velocity

2 _ 4
Coe = 2 = Uy K2 /KA, ¢y = 2 = U,y )kI/K*,
Then the propagation direction is given by 5 = tan=(c,, /c,x) = tan~ (I /k).
(w.r.t zonal direction) wyive
And the magnitude of the group velocity can be written as
|cg| = 2U cos .

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



becomes small. Returning to the example of steady Rossby waves excited
at 45°N in a zonal wind of 15m s~!, consider propagation of packets with
zonal wavenumber 3, that is, with k = 6.7 x 10~ m™!. Since K, was found
to be 1.03 x 107®m~1, and we must have 1> = K? — k2, it follows that
| = 7.8 x 107"m~L. The packet will propagate in a direction making an
angle of 49° with the zonal direction, and the group speed in this direction
will be 20m s~1. The reader may quickly verify that such a packet will
require around one day to influence a latitude 20° further poleward.



As the wave propagates meridionally the (B-Uyy) 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 | 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

kconstant, k*+I1°=Ks"
dx _2(B-U, )k’
dt K*
dy 2(B—U, )kl
dt K*




K, = }/?ﬁ_UFFVU- k constant, k’+I1°=Ks"

Example of a tropically
forced wave

B decreases with latitude
Uyy is max in jet streams

At Uyy=3 Ks becomes
imaginary.

Aproximation breaks, | becomes
negative and wave is refracted







Waves “reflect” at maximum of upper level winds
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Since the mean flow changes
seasonally, the Rossby wave response
to tropical forcing changes.




K, = }/?ﬁ_UFFVU- k constant, k’+I1°=Ks"

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, |

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

o = tan"!(cyy /cex) = tan~' (I /k).

NH
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FIG. 2. Schematic stationary Rossby wavenumber ( K;) profiles
and ray path refraction. In each panel, K is shown as a function of
y and schematic ray paths are shown by heavy lines with arrowheads.
(a) simple refraction; (b) reflection from a turning latitude Y. at
which K; = k; (c) reflection of all wavenumbers before a latitude Yp
at which g, = 0; (d) refraction into a critical latitude Y¢; at which
U = 0; (e) waveguide effect of a K; maximum. For more discussicn
see text,
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FIG. 13. A schematic summary of the waveguides shown by the cross-hatched shafted aITows,
and the preferred propagation patterns, indicated by the single-shafted arrows, deduced from the

range of experiments depicted in Fig. 4. The background contours are those f;}r K, equal to 0, 4
5, 6, and 25-30 taken from Fig. 3c.

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

Latitude

150E 180  150W  120W  9OW  6OW  30W 0

Longitude

90E  120E

Latitude

80S T T T T T T = T T T T 1
0 30E 60E 90E 120E 150E 180 150w 120W 90w 60W 30W 0
Longitude
——l ] [ I |y
-10 -5 0 5 10 20 30 40

FIG.1. Zonal wind (m s™') for 300 hPa based on Era-Interim Reanalysis data for the climatological period 1979-

2016 in MAM and SON. Contour interval is 5 m s~ .
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FIG.10. Streamfunction response (i = 0.2 x 10°m?s™") in SON to the source (2K.day ") located at 15°S, 105°W
FIG.9. Streamfunction response (1 =0.2 x 10°m?s™") in MAM to the source (2K.day ') located at 15°S, 10?

(black circle) for a) day 4, b) day 7, ¢) day 10, d) day 12, e) day 15, f) day 20.
(black circle) for a) day 4, b) day 7, ¢) day 10, d) day 12, e) day 15, f) day 20.

Freitas et al 2024



This section has emphasized the propagation of Rossby waves from the
tropics into the midlatitudes. A significant part of the low frequency variance,
including persistent flow anomalies in the midlatitudes, can be related to
such propagation, and hence to anomalies in the tropical ocean circula-
tion. However, it should be remembered that most of the observed low
frequency and steady Rossby wave activity originates in the midlatitudes and
propagates mainly towards the tropics. This is clearly demonstrated by the
steady momentum fluxes which are predominantly poleward. The midlatitude
sources of Rossby waves are orography and ocean—land contrasts, as well as
excitation of Rossby waves by maturing transient baroclinic systems.
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