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Abstract. In the last ten years ionospheric anomalies following major tsunamis and
earthquakes have been detected. The giant 2004 Sumatra tsunami produced ionospheric
anomalies ob- served both from ground-based GPS measurements and space-based satel-
lite altimeters[1,2,3]. More recently the September 2009 Samoa tsunami has produced
ionospheric anomalies detected offshore Hawaii[4]. All these anomalies show the signa-
ture in the ionosphere of tsunami-generated internal gravity waves (IGW) propagating in
the neutral atmosphere overlooking oceanic regions.

Most of these ionospheric anomalies are deterministic and reproducible by numeri-
cal modeling via the coupling mechanism through ocean, neutral atmosphere and iono-
sphere[3,5,6,7]. In addition, the numerical modeling supplies useful helps in the estima-
tion of expected anomalies, as well as to explore and identify new techniques to detect
ionospheric tsunami signatures.

Here we present an overview of the physical coupling mechanism and the opportunities
given by space-based and ground-based techniques to detect these anomalies. GPS and
altimeters are important tools for this purpose, allowing the observation through TEC
measurement.

Despite GPS and altimeters strongly highlight the link between tsunami propagation
and associated ionospheric perturbations, the tsunami characterization with those in-
struments is strongly affected by the integrated nature of TEC, the satellites-receivers
geometry, as well as the effect of magnetic field[5].

In this work we explore the opportunities given by additional ground-based techniques,
nominally the Over-The-Horizon (OTH) radars, for tsunami detection by ionospheric
monitoring. OTH radars operate on High Frequency (HF') band and could anticipate the
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detection of tsunamigenic IGW sounding the bottomside ionosphere.

To validate this hypothesis, we simulate synthetic radar measurements (by HF numeri-
cal ray-tracing) interacting with a 3D tsunamigenic IGW model based on the perturbation
theory of empirical atmospheric and ionospheric models. The large coverage of OTH radar
and its sensitivity to plasma anomalies open new perspectives in the oceanic monitoring
and future tsunami warning system.

REFERENCES

[1] Liu, J.-Y., Tsai, Y.-B., Ma, K.-F., Chen, Y.-I., Tsai, H-F., Lin, C.-H., Kamogawa,
M., Lee, C.-P., Ionospheric GPS total electron content (TEC) disturbances triggered
by the 26 December 2004 Indian Ocean tsunami. J. Geophys. Res. 111, A085303,
doi:10.1029/2005JA011200, (2006).

[2] DasGupta, A., Das, A., Hui, D., Bandyopadhyay, K. K., Sivaraman, M. R., Iono-
spheric perturbations observed by the GPS following the December 26th, 2004
Sumatra-Andaman earthquake. Earth, Planets, and Space 58(2), pp. 167172 (2006).

[3] Occhipinti, G., Lognonné, P., Kherani, E. A., Hébert, H., Three-dimensional wave-
form modeling of ionospheric signature induced by the 2004 Sumatra tsunami. Geo-
phy. Res. Lett. 33, L20104, doi:10.1029/2006GL026865, (2006).

[4] Lucie M. Rolland, Philippe Lognonné, Giovanni Occhipinti, Anne Loevenbruck, The
29 September 2009 Samoan tsunami in the ionosphere detected oshore Hawaii, sub-
mitted.

[5]  Occhipinti, G., Kherani, E. A., Lognonné, P., Geomagnetic dependence of ionospheric
disturbances induced by tsunamigenic internal gravity waves. Geophysical Journal
International 173(3), pp. 753756, (2008).

[6] Hickey, M. P., Schubert, G., Walterscheid, R. L., Propagation of tsunami-
driven gravity waves into the thermosphere and ionosphere. J. Geophys. Res. 114,

A0834,d0i:10.1029/2009JA014105 (2009).

[7] Mai, C.-L., Kiang, J.-F., Modeling of ionospheric perturbation by 2004 sumatra
tsunami. Radio Sci. 44, RS3011, doi:10.1029/2008RS004060, (2009).



