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The forward problem (FP)

Nee = V' (gh(x, y)Vn) (1)

The initial conditions:

n,_, = eyl me| =0 (2)
The boundary conditions: (3)
0
—Tl = on the solid
on
boundary
- c?20?%n
—V -n—ny +ﬁ| r=0  onthe open
boundary

n(x, Yy, O w=m0(x;, yi, ), M={(x;, ¥;), 1=1,...,P} (4)

n(x,y,t) the water elevation above the
mean level
o(x,y) € Q the initial sea surface

displacement
c(x,y) = \/gh(x,y) the wave phase

velocity
g the gravity acceleration

h(x,y)

the depth of the ocean

0= {(x,y) € [(0,1;) x (0,1,)]} the tsunami

Qco source area

no(x;, y;, t) the observed tsunami waveform

The inverse problem is to recover the function ¢(x,y) from the equation:

Ap = nplt)



The inverse problem (IP)
The IP is to recover the function ¢(x, y) from the equation:

Ap = T1ot)
The operator A maps the initial water elevation onto the data 1y (t).
Inverse problem data in application
T’O(t) - (77(951» Vi tl)r T](Xz, Y2, tz), »U(xp: Yp tp)) ’ Mi = (xi' yi)r i=1,2,...,P

singular system of compact operator A :
(v;,u;, s;) v;, u; are the left and the right singular vectors,

{s;} are its singular values, i — o,s; — 0 51
AE- = Siﬁi; i.e. A = UZVT , 2= : S2
ox,y) = Z?ﬁMB , si/(gu;) = 0,i > oo, £—data error
i i
I=r ,__ —_ —
(77 +£rui)_
r-solution oM (x,y) = Z . < V;
l

i=1
Regularization: by means of truncated SVD
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The algorithm/Discrete inverse problem

p(x,y) = Z Z Cnn sm—x sm— Z Z ConnPmn (X, V)
m=1ln

m=1ln=

0= 10,11 X [0,15] 7 = (el ’1”,? Ty = D10l Y )}t

Ac =1,
The matrix A: (P X Nt) X (M X N); 1]|t=0 = Omn;
A=Uzv"
r - solution E[T] — YA (n0+8)'ﬂj U: 1 =max k:& >d
J=1 Sj J’ S1
j=r j=r M N ,
[7] — D, — : J
=) @@=y @) D B,
a; = (no;.ui); D;(x,y) = nM1=1 Zg=1ﬁ7§nn(pmn(x: )’); Vi = (,8{1; ,81i29---a,81{/1N)




The inverse problem (IP)

- ; _ Nat+e)Uj _ S
r - solution clrl = 37 (7, +2) Ly, r=max{k:-2>d
Jj=1 S J’ 51
J
0
o,
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The model cases
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h(x,y)=const

receivers-to-source distance
aperture angle
number of receivers

Semi-ellipsoid R, = 25; R, = 50; L = 200
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l. h(x,y)=h(x)

receivers ~ midpoint 0
—_ =0
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Case study: 2013 Solomon Islands Tsunami
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Voronina, T.A., Romanenko, A.A., (2016), The New Method of Tsunami Source Reconstruction
With r-Solution Inversion Method. Pure and Applied Geophysics, 173(12), 4089 - 4099.



*Model amplitudes calculated with the MOST forecast model. Filled colors show maximum

computed tsunami amplitude in cm during 24 hours of wave propagation. Black contours show
computed tsunami arrival time.

Titov, V.V,, F.I. Gonzdlez, E.N. Bernard, M.C. Eble, H.O. Mofjeld, J.C. Newman, and A.J. Venturato Real-time
tsunami forecasting: Challenges and solutions Nat. Hazards, 35(1), Special Issue, U.S. National Tsunami
Hazard Mitigation Program, 41-58 (2005)
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In this example: the number of the tsunami sensors P = 5; 1-minute rectangular grid 1921 X
3001 in the entire simulation area, the bathymetry is according to GEBCO http://www.gebco.net/

counts in time N;,=1005 with an interval of 4 seconds; the matrix A has 225 x 5005 dimensions,
where M = 15; N = 15; M X N = 225; P X N; = 5005.

Mulia | E, Gusman A R & Satake K 2017 Optimal design for placements of tsunami observing

systems to accurately characterize the inducing earthquake Geophysical Research Letters 44
DOI: 10.1002/2017GL075791
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A distribution of the energy of
the Illapel tsunami wave of
September 16, 2015, according to
Tang L, Titov VV, Moore C and Wei
Y 2016 Real-Time Assessment of
the 16 September 2015 Chile
Tsunami and Implications for Near-
Field Forecast Pure and Applied
Geophysics 17 pp 369 —367;

the triangles denote DART
buoys.
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A comparison of the observed tsunami waveforms (the black lines) and those reconstructed ones with participation of
the data of DART buoys 32401 and 32402 (the red lines) and the tsunami waveforms reconstructed when the data of

DART buoy 32412 (the blue lines) are added to the inversion with the above ones. On the axis Ox - the time from the
beginning of the event.
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Satake, K. and Heidarzaden,M. A. (2017). Reviewof Source Models of the 2015 lllapel, Chile Earthquake
and Insights from Tsunami Data. Pure Applied Geophysics, 174, 1-9.



3aKkJII0ueHne

JIJis JOCTOBEPHOTO BOCCTAHOBJICHUSI ICTOUHUKA I[yHAMH U MapeorpaMm B
pamMKax MpeUIoKeHHOTO MOJX0/1a HAJ0 UCIIONIb30BaTh JTAHHBIE TITYOOKOBOJHBIX
JaTYNKOB YPOBHS MIOBEPXHOCTH OKeaHa OT HamOojee HH()OPMATUBHOMN YacTH
CUCTEMBI HAOJIIOIEH M.

B Hacrosmein pabore mpeqiokeHa METOAMKAa IOMCKa HauOolee
MH(OpPMATUBHON YaCTU CHUCTEMbl HAOJIOJEHUS, UCIOJIb30BAaHUE KOTOPOM HE
TOJIbKO TIOBBIIIAET TOYHOCTh BOCCTAaHOBJIEHUS, HO U oOecrneunBaer 0e3
JOTIOJIHUTEIBHBIX PACcYeTOB, BBIUMCICHHE BBICOT BOJIHBI B JIIOOBIX, 3apaHee
(PUKCUPOBAHHBIX TOYKAX aKBATOPUH.

YucneHHble SKCIIEPUMEHTBI ¢ MOJACIBHBIMU CHUCTEMaMH HAONIOIEHUS Ha
JTarie MPEABAPUTENBHBIX pPAacyeTOB JJii 30H MPOTHO3UPYEMOW I[yHAMH
OMACHOCTU MOTYT OBITh OOOCHOBAaHWEM IS IJIAHUPOBAHUS Pa3MEIICHUS
ITyOOKOBOJHBIX JTATYMKOB.

Takme  pmaT4MKu ~ pacrojlararOTCsl Ha  HANpaBJICHHWsIX — HauOosee
MHTEHCUBHOTO PAcCIpOCTPAHEHHs SHEPTUU ITyHAMH.
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