TERRAE




KacuSika HOKUSAI. Velkéa vina v Kanagawe, 1831; barevny dfevofez, NG v Praze



0 hour 2 min

-1.0-06-06-04-02 00 0.2 04 08 0B 1.0
Water height {m)

USGS Fujii a Satake



EPS

. Falck er al.; Near real-time GPS applications for tsunami early waring svstems

Fig. 1. GITEWS GPS locanons in Indonesia [munbers i squared brackets indicate mstallation status of December 2000]: 9 [7] GPS real-time
reference stations (green tiangles). @ [9] GPS at tide gauges (vellow squares), 10 [8] buoys with GFS (red circles).
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Preddef ﬁ 0) DAZOVE ZO
Trie cjoetlifss Fic deflne tsumami source functions such that a finite
corrlglnEiEie) -of the pre-computed tsunami model runs could
closgie f‘ roduce the tsunami time series of the actual event.
This s fee Slble pecause of the linearity of the tsunami
:'i;;’f[_ff; {_TOn/ prepagation dynamics. Each pre-defined source In
,. EAl 'Pmpagatlon Database is referred to as a “unit source.’

g --Eac,h unit seurce is equivalent to a deformation due to an

' -earthquake with a fault length of 100 km, fault width of 50 km,
- anda slip value of 1 m, equivalent to a moment magnitude of

7.5. (NOAA)
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= Two rows of unit sources are set up, one for the shallower

= ~region and one for the deeper region. Additional rows may be
possible depending on the characteristics of the region. These
unit sources are located along the known fault zones for the
entire Pacific Basin, Caribbean for the Atlantic region and
Indian Ocean. Figure shows how the unit sources have been
set up for the Aleutian Islands. (NOAA)
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lIBNEProduce the correcﬂl{aﬁ dynamics urig the
e ENIOR cCompUtations highrreselution bathymetric and
seppEiephicioldsiareusediinsthisibyperefistudys Thethighy
gulieathymetric and topegraphic data sets needed for
IEVEIGpment of inundation maps require maintenance and
NPeNEdes as better data becomes available and coastal
ehiciges oceur. Inundation studies can be conducted taking a
OTJ'F |1i'§t'ic approeach in which multiple tsunami scenarios are
_ dered and an assessment of the vulnerability of the
- —coas t to tsunami hazard is evaluated, or they may focus on
= ..Efﬁe*effect of a particular ‘worst case scenario” and assess the
“impact of such a particularly high impact event on the areas
= under investigation.
The results of a tsunami inundation study should include
Infermation about the maximum wave height and maximum
current speed as a function of location, maximum inundation
line, as well as time series of wave height at different
locations indicating wave arrival time. (NOAA)
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http://nctr.pmel.noaa.gov/inundation_mapping.html
http://nctr.pmel.noaa.gov/inundation_mapping.html
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Ne Mmodelovani V. realnem; case

U modelu pohybu dna ziskanych ze seismologie

honshu-ucsb.ttl, min dz = -4.95, max dz = 11.65
T

USGS UCSB



Tohoku, Japan Earthquake: GPS Displacements

Geospatial Information Authority of Japan
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FEIR I

Nelinearni 3-D Uloha s menici se. aeomethli

=
Navierova-Stokesova rovnice:

J | ,
P (0? + (v - V‘)'v) = —Vp+ pg — 2082 X v + nV*v

Rovnice kontinuity:

V-v=20

Okrajové podminky:

pohyb dna a volna hladina na povrchu

p je hustota, v je rychlost, p je tlak, €2 je vektor ihlové rotace Zeme.
g je gravitacni zrychleni a 7 je viskozita



B = I

oroximace pro “meikou voad

Nelinearni rovnice pro neviskézni vodu:

()(’)t;H (v V)vy =—gVuh —2Q x vy
oh

o + V- ((h—=hp)vg) =0

— Linearizované rovnice:

d()% = —gVyh—-2Q x vy

oh

i —Vir - ((ho — hp)vg)

h je vyska povrchu vody, hg je referenéni vyska povrchu, hg je vvska dna.
vy je horizontalni rychlost a Vg je horizontalni ¢ast operatoru V
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Proximace pro “melkou™

Odhad rychlosti Sifeni viny:

Polozime-li 2 = 0 a povazujeme-li ho—hp za konstantu. dostavame
dvy
s —(‘th 5
ot Y |
oh
—(ho — hg)Vy - vy ,
()f "

1 ()“) vy V‘)
OO e
g(ho — hp) Ot HYH

1 0°h
. A -
g(ho — hp) 082 = Vith

takze rychlost siteni je

“vodadu
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2004 off Kii Peninsula
M 7.4, Depth 11km

Fig. 1 The area and bathymetry for the tsunami simulation of the 2004 M 7.4 off Kii Peninsula earthquake (red).
Source areas of the 1944 Tonankai (M 7.9) and the 1946 Nankai (M 8.0) earthquakes are also shown by dashed

curves. The point for the tsunami records in Fig. 3 is shown by a triangle.

Saito a Furumura, 2008



(a) Navier-Stokes (b) Linear Long-Wave
Equations Equations

Saito a Furumura, 2008

Fig. 2 Snapshots of the tsunami propagation for the 2004 off K Peninsula earthquake, at elapsed times of 10, 20, 30 and
40 min from the earthquake origin time calculated by 3-D Navier-Stokes equations and 2-D linear long-wave equa-

tions. Tsunami dispersion is recognized in the results of the 3-D Navier-Stokes simulations [dashed circle].
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Fig. 3 The tsunami record calculated from the simulation using 3-D NS
equations (red) and 2-D linear long-wave equations (black) off
Muroto (a triangle in Fig. 1). The 3-D NS equations can simulate

dispersive tsunami.

Saito a Furumura, 2008
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Yushiro FUjn“("ISEE, BR1) a Kenyi Satake(ERIFURIV: of Tokyo)

Tsunami Source a
Model

The red contours indicate
uplift with the contour
interval of 0.5 m, while the
blue contours indicate
subsidence with the
contour interval of 0.5 m.
Aftershocks (determined
by USGS) during about one
day after the mainshock
are also shown by red
circles.
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Yushiro Fujiit (IMSEE, BRT) a Kenji'Satake (ERI, Univ. of Tokyo)
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Water elevation (m) 11 March 2011 Honshu Tsunami — Hawaii and Oceania
AT T T 1 T

Forecast

| Wave Amp. (m)

| OaRT21901 |
T2 3 a5 s

¢
’mmma |

" I 4l
3 s 0 1 2 3 4 3 L4

L | o2l {
O_MW.‘ O_WWF
% DART21414 [ P? pARTHats ]

DART 46410 ) L
o2l ; . ) | o2l ) | 3 7

ozt £

6 8 10 124 : ; 10
Hours since earthquake Hours since earthquake

3 DART model-data comparison plots

NOAA Center for Tsunami Research

4 5
TIme (hrs) since earthquake




Waler elevalion (m)

05

L
'Kmlﬁ?ﬂslﬂm'; ...............
4 5 &

T T T

‘Water elevation (m)

11 March 2011 Honshu Tsunami — West Coast

Forecas

cmﬂmnl C;ily.

9 10

8 a 10

S part'san Uais, GAJ
q L n

T

0 -

E5 T Yakinar H

05 1 i i
3 4 5 6

Time (nrs) since earhquake

9 10

- Ladéia, GE
L 1 L

1

L ' L
12 13 14

L i
15 16

Time (hrs) since earlhguake

L L L L L
12 13 14 15 16 17 18 19

Time (hrs) since earthguake




EE

MARCH 11, 2011 JAPAN
EARTHQUAKE AND TSUN

The 11 March 2011 magn

9.0 Honshu, Japan eartl
(38.322 N, 142.369 E, d
km) generated a tsunar
was observed all over th .,;

Pacific region and cause

tremendous devastatio

earthquake in the \
largest in Japan
instrumental rec
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Produced by the NOAA National Geophysical Data Center
For more information about the data, see hitp://ngdc.noaa.govihazard

Mercator Projection
Tsunami Travel Times computed using TTT v3.1 (P. Wessel, Geoware)
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Obecna soustava parcialnich diferencialnich rovnic

Hydrostaticka rovnovaha

- pohybova rovnice: v .4 fo =0

= Poissonova rovnice: Agy — 4nGpy =0

T) - predpéti dané Cauchyovym tenzorem napéti
fo - referencni sila predepsana: fo = —p0Veo
Pu - referencni hustota télesa

¥0 - pocatecni gravitacni potencial

(i - Newtonova gravitacni konstanta

PDR pro posunuti a prirtistkové veli¢iny — Lagrange-Eulerdv pristup

| 7> , :
V-1 —poVe+ V- (ppu)Veg —Vipg Vo -u) = po (9;; ——m@ pohybova rovnice
ore
V- (Ve +4nGpou) = 0 — M@ Poissonova rovnice
AV -l +p [V’U-Jr (V’UJ)T} = 7T —M# reologicky vztah

u - posunuti
» - prirGstkovy gravitacni potencial
T - prirlstkovy tenzor napéti

A and j1 - Laméovy parametry télesa




Sféricka harmonicka dekompozice

= polni veliciny rozlozime do baze sférickych harmonickych funkei

- F,. jsou koeficienty rozvoje
Zan um 1) L O) S v . v
n je stupen a m je rad

Terrt
= posunuti: vektorovée sférické harmonické funkce rozdéli Ulohu na dvé nezavislé Casti
Z Z""’”HT(I Sg]?};]_ _|_ 1 Uﬂl( )Sn‘n} ‘{ ”?F?( )SEEEI}

— -

T

sfér ordahn cast tor ordahn cast
= toroidalni kmity nevyvolavaji zmenu objemu: V.u=0, Urep =0
= sféroidalni kmity: (Vxu) e =0
= slapovy vektor posunuti dan pouze sferoidalni casti: (Vxu) e =0

= pro sféricky symetrické modely (+ symetricky slapovy potencial) tloha (2n + 1)krat
degeneruje




s perioda frekvence s perioda frekvence i perioda frekvence
[s] [mHz] [s] [mHz] [s] [mHz]
S, 19616 0.0510 S 1060 0.9436 25 706 1.4161
>, 3233 0.3093 A 963 1.0376 s 662 1.5117
S, 2475 0.4041 S, 904 1.1056 S 657 1.5214
S, 2134 0.4686 S, 853 11722 5y 634 1.5761
) 1546 0.6470 > 813 1.2301 B 604 1.6545
2, 1471 06798 | .5, 806 12410 | S 596 1.6765
03, 1230 0.8130 S 730 1.3697 ) 584 1.7111
02 1190 0.8401 S, 726 1.3772 Pt 581 1.7209
59, 1066 0.9385 2 709 1.4113 e I 580 1.7236
S, 1064 0.9395 e 708 1.4119 - 556 1.7980




NejdelsSi sféroidalni mody

S.: 7=19628s

Slichterv mdd: pohyb vnitrniho jadra
jako celku.
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Perioda .S vs. skok hustoty na ICB

Z2avislost periody 151 na velikosti hustotniho skoku na ICB

20200

20000 -

19800 + _
; Pro vyssi mody je zména
19600 | . ] periody zcela zanedbatelna.

perioda [s]
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Zakladni sféroidalni mody

S, T=2122s | S,: T=1536s
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\VlySSi sféroidalni mody pro n=2

S, T=1041s | s: 7=899s

4SZ: 7=578s 552: T=476s

g i

3
-
-




Zpracovani zaznamu h 3

supravoediveho gravimetru a ol
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