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Abstract

Natural extreme events such as cyclones and tsunamis are high frequency phenomena. Each of them 1s characterized by specific spatiotemporal scales leading to a low probability of observation by satellite
altimeters. Nevertheless, altimetry has the ability to observe such events using dedicated algorithms. Their impact on the ocean has been analysed. Tools have been developed at CLS to systematically
observe such events. Deep analyses of these phenomena are possible thanks to the generation of adapted diagnoses of altimetric parameters. In this study, we describe these automatic tools and focus on
the observation of recent typhoon/cyclone such as MUIFA and KATIA (Western Pacific in July-August 2011 and Altantic in September 2011). The dramatic Honshu tsunami of March 11th 2011 observed by
several altimeters with amplitude up to 60 cm 1s discussed. Associated secondary waves and ocean state noise following the tsunami front are also clearly shown. These observations highlight the essential
role of satellite altimeter measurements to help understanding natural extreme events, to better calibrate the instruments and to improve tsunami wave propagation models.
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In order to facilitate the analysis of the altimeter data when a hurricane is detected, an

automatic tool has been developed: 1t allows the detection of the data related to the cyclone
and the computation of dedicated algorithms.
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On February 27th 2010, an 8.8 Mn earthquake occurred of f Chili and generated a tsunami wave that

Overview propagated across the Pacific ocean within 15 hours.
Altimeters have been designed fo observe the sea level variability. Altimeters configuration wasn't optimal: among 3 available altimeters measurements, although the tsunami had
Question: In which extent is it possible to observe tsunami waves by large amplitude and coverage and ocean variability had been removed, the wavefront has only been detected
GlTI!T\@T["Y? . . . . with Jason-1, 8h after the earthquake with a 20 cm wave amplitude (see below). The amplitude was high
Objective: Assess if tsunami waves have been observed by altimeters in enough to be detected with no need of removing the ocean variability by comparison with the former and
order to contribute to the validation of model of tsunami wave propagation following cycle.
and dissipation N T Gmedeg T
Two conditions are needed for tsunami observation:  Cycle 301 17

10— Cycle 300

A strong earthquake magnitude that generates high enough tsunami
wave to be distinguished among ocean mesoscale variability

Altimeters must fly over the tsunami wave within the very few
hours following the earthquake so that the wave hasn't vanished or
reached the coast.

—The probability of observation by satellite altimeters is thus rather low

A specific tool has been developed in order to automatically detect passes
where the signal may have been observed

Ambient ocean variability is a major difficulty to extract the tsunami

, ; . P : : : i The 2011 Honshu tsunami has been generated by a Mw 8.9 earthquake 130 km east of
g'egsn’? IslhnorSTLpAe.r'Tigcuig ngPrf\gfrgcuglc!:neirs'inggn;ﬁd‘mque 's used to extract af Tsunamls Japan (USGS). The wave front has not been observed soon after its generation but

Good observation needs strong earthquake magnitude and up to 4 b . it has been overflown later by Jason-1 & 2 and Envisat altimeters which reveal 25
altimeters which overfly the event observation cm amplitude signal with a 5h25 delay (Envisat pass 419) and 35 cm amplitude with a
7h45 delay (Jason-1 pass 147) (see figures: comparison with the signal of previous

cycle along the same track).
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which overflew the wavefront 2
hours after the earthquake. A 60
cm amplitude is observed and a good
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Conclusions

Tsunami waves are physical signals which can be observed with altimetric SLA. The only tsunamis waves clearly measured in the open ocean by altimetry are the 2004 event in the Indian ocean,
the 2010 Chilean tsunami and the 2011 Honshu tsunami in Japan

This study shows that tsunami alert is NOT possible with altimetry, due to the delay of data acquisition and processing and the low probability of observation

Altimetry could provide an independent measurement of the tsunami wave propagation with high accuracy which could help to improve the parameterization of propagation models. These are the
only one which provide quick enough warning to inhabitants
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