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Preview

Intemalwaves intheRed S ea: a satellite iew

M otivations: SAR:
why study intemal wawes?  seeing waves fromspace?
why here?




S eeing Intemal W aves fromspace...

As far as physics is concerned, water
and air are very similar.

Just like a regular packet of oceanic
internal wawves, solitary waves can
also propagate in the atmosphere.

And if we saw them
Note the condensation and doud

formation in the ascending
branches.



S eeing Intemal W aves fromspace...

Despite being a bit counterintuitive, atmospheric gravity waves (AGWs) can be imaged by
space borne sensors.

In particular by SAR:

Low orbit sun-
synchronous satellites
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A nd inmaging spectroneters
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No condensation
'But sand being carried towardsthe sea
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RedS eaA G Ws: notivations

Academic subject vs. real world features

Intrinsically turbulent structures.

Prone to mixing and transport.
(ear air turbulence

Sonificant vertical osdllations and
strong winds.



By the way, they often propagate in the lower troposphere, and are
used for surfing...

Morning Glories




RedS ea:aregionfor‘exotic’ A G W obsenations




observed sand
storr% and AGWs
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RedS ea:s AR vewof anA G w hotspot
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MODIS-Terra at 8h12m,
11 May 2004

Extending from the SE
to the NW for some 200
km - full width of the
Red Sea.

No apparent doud
formation.



RedS ea:s AR vewof anA G w hotspot

Envisat-ASAR at 7h26m,
11 May 2004

I.e. some .

Typical rank-ordered packet-
like structure can be dearly
seen aaross the Red Sea.




RedS ea:A G W hotspot
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Synergetic view - some sense of motion

Composite view:

Propagation is dose to

At least can be
seen in the transect in panel (),
where the rank structure is also
dearly seen.

Characteristic  length-scale for
individual waves is between

Average propagation  speeds
around



RedS ea:A G W hotspot

It is essetial to get a view of the atmospheredvertical structure
Taken at | eddah airport at 9h00m UTC - less than hour after MODIS image
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RedS ea:A G W hotspot

Solving the Taylor-Goldstein equation means having the vertical modal structure - e.g. w(2)

Having the vertical modal structure means we can use weakly nonlinear long-wave theory

KdV BDO _
Upper boundary ¢ =0at H=3000m ¢;=0atd=1300m -L_>
Clipear (ms™1) 14.4 15.4 3000
/ 0.0476 0.0372
p 3.9023 x 10° 6.2365 x 10°
7 0.0164 0.0280
L’Uns_l) 15.0 16.9
Amplitude (m) 114 178

0 1x107° 2x107°3
Iz(m'z)

V-C =ua/3 =464% , 2 being the characteristic width of the solitary wave

Amplitudes are of the order of hundreds of meters, and WNL theory may be underestimating
amplitudes - very sensitive to 24 and waveguide boundaries.



RedS ea:A G W hotspot

eigely Ipnes

How frequent are these waves?
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% of images with
AGW signatures
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Very frequent and scattered over the entire red
seq, after having seen dose to 100 SAR images.

Moreso, between April and September.

|s there a reason for that?




RedS ea:A G W hotspot

Maybe there is...The atmosphere®)
stability appears to inaease and
become shallower at the same
time - from daily soundings taken
over for more than 10 years at
Jeddah.
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conditions.

Since N? dominates in the Scorer
parameter, the overall effed seems
to be that of inaeased waveguide




B eware of look-alikes
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Distinction between atmospheric and oceanic ISWs may be an issue. Several aiishapsihave in fact occurred in
the literature. See e.q. Alpersand Huang (2011). Check out more at http://imadalhael.wix.comy internal-waves-




Conclusions

e Remote Sensing has shown the Red Sea to be a
hotspot for atmospheric large-scale internal waves;

e Remote sensing provides unique contributions to
determine tground-truthAAGW characteristics;

e But many aspects remain allusive - more research Is
needed. Modelling and in situ efforts need to be called
IN.




Thank you all!




