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Many international deepwater buoys and tidal systems currently exist and others are under development and expansion in the Pacific, Indian, and Atlantic Oceans, see Fig.s 1,2. We address the problem of data inversion in terms of initial displacement parameters at source.
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Figure 1. Existing and planned DARTS stations in Pacific and Atlantic Oceans,  http://nctr.pmel.noaa.gov/Dart/index.html 
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Figure 2. Station “23401” - 600 NM West-Northwest of Phuket, Thailand  http://www.ndbc.noaa.gov/station_page.php?station=23401
In case, when DARTS station(s) are located on the wave-route from the source area to the populated coast, impacting wave parameters can be successfully estimated taking into account tsunami recordings even from only one deep-water station. Otherwise some assumption about the profile and the location of the initial bottom displacement are needed for correct tsunami source parameters determination using data from few DARTS stations.

We propose source identification strategy based on simultaneous application of several alternative inversion schemes. 

First, preliminary calculation approach should be applied. Tsunamigenic zone is covered by a system of unit sources. With the help of special basic functions, time-series are calculated over the entire region (Pacific or Indian Ocean, e.g.). In case of event detection by deepwater buoys, special software application delivers approximation to initial water surface displacement at source. Advantages: identification process takes seconds for 2-4 unit sources, first version of SW is ready. Issues: at the moment initial displacement at source is approximated as linear combination of one basic displacement over several neighbor unit sources. Direction of improvement: new gridded digital bathymetry for the main tsunamigenic regions is under development; code acceleration is needed to account 10-15 unit sources, special selection of basic functions is appreciable to simulate arbitrary shape of initial displacement. 

Second, direct numerical solution to Inverse Problem of source determination in linear shallow water approximation is applied. 

Preliminary numerical tests show that 2D shape of initial displacement could be effectively reconstructed within minutes by solving the so-called 2D source identification inverse problem for linear second order hyperbolic equation. However, algorithm requires that the available tsunami records are located around (or almost around) the source. This strongly contradicts to Cost Efficiency of the system. Moreover, this is not realistic to expect that many rather expensive DOB’s. 

Therefore, original 1D inversion procedure is proposed. In such statement direct numerical inversion delivers “a section” of initial displacement pretty fast, just in real time. In literature references for 1D inversion disadvantages include curvilinear wave routes and absence of dissipation within 1D model. Special algorithms have been proposed to balance these.

First of all, special algorithm has been designed to produce wave routes from any given source to arbitrary number of DOB’s. Algorithm involves Preliminary Calculation Strategy and, therefore, is highly efficient (real time one). Then, by solving several Source Identification Inverse Problems the dissipation coefficient is evaluated for the particular wave rout (ray). After that, shape of initial displacement at source (source term in second order hyperbolic equation) is reconstructed. In the figure 3 the examples of wave-ray traces which connect the Avacha harbor mouth with three other points of the area around southern Kamchatka.
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Figure 3. The example of the tsunami wave-rays reconstruction.

Third, using the comprehensive analysis of the detected tsunami wave parameters (time period etc.) it is possible to define the shape and orientation of the ellipsoidal tsunami source. The analysis of the first wave time series gives the opportunity to roughly estimate the water surface profile at the initial tsunami source. For successive application of this attempt it is necessary to have wave records at least from several (3-4) deep ocean “tsunameters”. 

Finally, the obtained initial displacement parameters are transferred into tsunami wave parameters at coast through the Scenario Database. 

Using modern multi- (and many-) core architectures it is possible to trace the energy input from different parts of initial displacement area.
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