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1. INVERSE PROBLEM STATEMENTHE 3. NUMERICAL EXPERIMENT 4. ITRIS: TSUNAMI DATABASE

The operationally refining the tsunami source pa-

We put L, = 50 km, L,, = 100 km, 7" = 60 min, The Integrated Tsunami Research and Informa- We use the model of the nonlinear shallow wa-

rameters is the most important for providing real e = 125m, N, = 750, N, = 500, Ny = 600. The tion System (ITRIS) was developed for reducing ter equations for modeling tsunami run-ups. We
information about expected tsunami waves on | | bottom is assumed to be one-dimensional with risk due to natural and man-maid hazards and apply finite volume method (FVM) to calculate
shore. The combined inverse tsunami problem the highest H,,,x = 6 km average depth of the for rescue planning after disasters [5]. There are run-up accurately. .Advanfcage.s of FVM over finite
consists in determining an initial tsunami pertur- ocean. Noise data (2) and (3) are generated from built-in catalogues with set of interfaces for data d1.fference me.t}}od in application to tsunami mod-
bation ¢(z,y) in Q = (0, L) x (0, L,)) described by | | the discrete numerical solution of the problem (1) managing. Fig. 3 presents visualization of earth- eling are stability, usage nested triangular meshes
linear shallow water equations in six points (., yn) equally-spaced on the in- quake epicenters around Japan and fig. 4 shows and obvious parallelization.

We compare the numerical modeling of tsunami

| terval ((40,15);(47,89)) and for w = 25 x 50 kms. historical tsunami source locations. run-up with the laboratorv experiments of
Ln = nu — div(gH (z,y)grad n) = 0; We choose gy = Hax Which corresponds to an NOAE (National Oceanic anc}ii Atnfos heric Ad-
Mi—o = 4(2,Y), Ntl—g = 03 (1) unperturbed sea surface. The reconstructed so- ministration). In the physical model,IZl 62.5 cm-
Noq =0, t€(0,T) lution ¢4 of inverse problem (1)-(3) from the ran- high, 7.2 m toe-diameter, and 2.2 m crest-diameter

dom noisy output data with v = 3%, 8 = 0.3, is
demonstrated on fig. 2 for n = 4 iterations.

circular island was located in a 30 m-wide, 25 m-

using combined underwater systems [1] long, and 60 cm-deep wave basin (fig. 7). The

s L SRSESESS Figure 4: Projection map solitary wave height equal to 0.045 at 32 cm wa-

L ; T b . :
n(z,y,t) = fr, 556 Y t)s £ € (Tiny, Tiny),s (2) § % Fﬁgure 31 l\)/llsua.llzafcloél of  of historical tsunami ter depths. The deviation of the fluid from rest is
(z,y) € wy,,m=1,M,e >0, | 6 | | the av(ail able seismicdata  source locations  from | | fixed at three points. The first point is located in
entollito Al : around Japan. 1628 B.C. to the present. front of the incident wave to the side of the island
and satellite altimeters data of 2.6 meters in front of the center, the second —

et L R e 2.6 meters from the side, the third — a 2.6 meters
n(r,y,T) = f(z,y), (z,y) € w C (3) 5. ITRIS: TSUNAMI SIMULATION B FNS NI P

Figure 1: The exact solu-  Figure 2: The recon- . . . e
Here n(x,y,t) is the free surface, H(z,y) > 0 tion g.(x, y). structed solution gy. We simulate the Simushir tsunami using ITRIS

is a known function describing the bottom relief . (fig. 5.)- GIS mgthods Wﬂl be u§ed to create qnd
(bathymetry), g = 9.8 [m/s?] is the acceleration of The relative accuracy er- combine the different inundation and flooding

gravity, ws, = (T, — €, Tm +€) X (Ym — €, Ym +€) rors FE;(n;q;vy) for in- map Compopgnts, which wi}l be practicaloly GIS-
W= ( l(ll) 7(2)) " 7(7;(1) 2(2)7’)1 B ' verse problems: 1 (1),(2), layers containing bathymetric, topographic, land
W.e_sh(fw’tl:iat usinyg (;fycm.nbined data (2) and (3) 2 (1)3) and 3 (1)-3); usedatmﬁ b*%) eCtl.I}f (g 6) )

allows one to increase the stability and effi-
ciency of tsunami source reconstruction.

Note, that curves F5 are
oo located below curves E;.

Figure 7: Mathematical
modeling of run-up on o |

2. VARIATIONAL APPROACH AND GRADIENT METHOD B

. the island. Comparison N
Figure 5: Numerical SEETANER of the calculated and ex- Z - -
We regularize inverse problem (1)-(3) using cut and Ja(q) = [[ (n(z,y,T) — f (:zz,y))2 dxdy. modeling of the Simushir ~ Figure 6: F.loOdmg map periment marigrams in * ¥R B o2 ¥ B
w tsunami 15.11.2006. of Nagapattinam, India. three points (right).

N
Fourier series ¢q(x,y) = > gqn(x)sin 25 “y [2]. The gradient of a cost function is J'q = SJiq +

n=1 ’ (1 — B)J3q [3]. Here Jiq = v1,(x,y,0) [4] and
Joq = o, (x,1y,0), where 1; are solutions of cor-
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