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» Data

@ zaznamy ze supravodicych gravimetr v ramci Global Geodynamics Project

http://www.eas.slu.edu/GGP/ggphome.html

@ sbér dat po vyznamny jevech (Sumatra 2004, Maule 2010, Tohoku 2011)

- sekundova i minutova gravitacni data, atmosféricky tlak
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» Data

@ sekundovy zaznam gravitacniho zrychleni a atmosférického tlaku ve voltech
@ potreba odstranit vliv:
@ atmosférického tlaku

- faktor zavisly lokalné i frekvencné : (-0.27 — -0.43 pGal hPa™)

@ slapy (modelem nebo filtraci)

@ trend
Filename : PE110300.GGS
Station : Pecny, Czech Republic
Instrument : GWR 0OSG-050
Time Delay (sec) : 8.8600 0.0200 measured
N. Latitude (deg) : 49.9137 0.0001 measured
E. Longitude (deg) : 14.7856 0.0001 measured
Elevation MSL (m) - 534.5800 0.0500 measured
Gravity Cal (uGal/Vv): -73.3500 0.0200 measured
Pressure Cal (hPa/V): 1.0000 0.0060 measured
Author : vojtech.palinkas@pecny.cz
yyyymmdd hhmmss gravity(V) pressure(V)
C nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn *
7777777 0.0 0.0
20110301 000000 0.313755 962.6310
20110301 000001 0.303011 962.6290
20110301 000002 0.297373 962.6270
20110301 000003 0.303552 962.6220
20110301 000004 0.319019 962.6200
20110301 000005 0.333299 962.6180
20110301 000006 0.336057 962.6180
20110301 000007 0.325090 962.6200
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» Data — slapy, trend (Tohoku 2011)

@ filtr 0.1mHz — 400mHz
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> Data — atmosfeéricka korekce (Tohoku 2011)

@ stanice PE: -0.33 pGal hPa™
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@ stanice ST: -0.33 pGal hPa™!

25

> Data — atmosfeéricka korekce (Tohoku 2011)
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> Data — atmosfeéricka korekce (Tohoku 2011)

@ stanice CA: -0.33 pGal hPa™

200h
25 T T T

1
tlakova korekce

20

15

10

| wy e "

0.2 0.3 04 0.5 0.6 0.7 0.8 0.9

3.5.2013 Vlastni kmity — od Q k CMT



> Data — evropskeé stanice (Tohoku 2011)
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» Data — svetove stanice (Tohoku 2011)
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° Data — fouriérovska spektra (0.2 — 1.2mHz) (Tohoku 2011)
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» Data — stanice TC (Tohoku 2011)

50+ 20h
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* Data — stanice TC (Tohoku 2011)
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» Vlastni kmity

@ realna odezva aparatury (pro rotacni, elipticky, anelasticky model)

a(x,t) = Z A i () cos {nm (1 +a -+ bm + ch) t} exp (—nYit)

nim

nw - neperturbovana frekvence multipletu

nYl - Utlum multipletu

Koeficienty A,,;;» () dané:

- momentovym tenzorem (strike, dip, rake a skalarni seismicky moment)
- pozici zdroje a prijimace (epicentralni vzdalenost, azimut)

- vlastnimi funkcemi ve zdroji a na povrchu

- korekce na volny vzduch a naklon

@ Stépeni v dUsledku rotace, elipticity a lateralnich nehomogenit
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* Frekvence — radialni kmity (Tohoku 2011)
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» Frekvence — radialni kmity (Tohoku 2011)

Xu et al. (2008)

TABLE 1
Comparison of ;S, Frequencies
Davis et al. (2005) 0.814657*
Rosat et al. (2007) SGs 0.8146566 + 1.6 x10-6
This paper SGs 0.8146565 + 1.2 x10-6

*as corrected by P. Davis (personal communication)

3.5.2013

Vlastni kmity — od Q k CMT

16



» Frekvence — radialni kmity 1S0 a 2S0 (Tohoku 2011)
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» Frekvence — sféroidalni mody (Tohoku 2011)
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° Faktor kvality — radialni mody

@ Maule 2010 @ Tohoku 2011
| i OSO o | —v
O . 470h zaznamu e
... .,  «ffOhzazamu -
_ 2?2: ot douers) 7 150 _ :OD____‘ _ - —srrorbounds,
- — 300h zaznamu —
. -
S 25
°J§Z§% 120h zdznamu ° 2
A i sth] |
Q H(0t) = T/(rAt) In (Ayer(6t)/A(51))
9 OSO e ISO ? ZSO
Zabranova et al.(2012)-5500 + 140 | Zabranova et al.(2012)— 2000 + 80 | Zabranova et al. (2012)
Okal and Stein (2009) — 5579 Okal and Stein (2009) — 2017 — 1120 £ 270
Xu et al. (2008) — 5400 Riedesel et al. (1980) — 1850-1960 | PREM — 1242 (1170)
Roult et al. (2006)  — 5489 PREM — 1499 (1970)
Riedesel et al. (1980) — 5600-5833
PREM — 5328 (5230)
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° Faktor kvality — radialni mody

Okal and Stein (2009)
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Fig. 2. (a) Amplitude spectrum on 34 days and (b) observed pSp amplitude
measured each day, after the 2004 Sumatra earthquake at Canberra SG
site (revised from a figure by Y. Tamura).
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° Faktor kvality — radialni mody
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A Figure 4. Examples of the decay curves for two SGs (A, B) and two seismometers (C, D). The gray lines are the observed amplitudes of
oS with vertical error bars, and the black line is the fitted decay according to Equation 3. (A) CB is Canberra in eastern Australia and (B) is
MA in central Japan; (C) is station CTAD, close to CB, and (D) is station MAJO, close to MA.

3.5.2013 Vlastni kmity — od Q k CMT 21




» Faktor kvality — sféroidalni mody 0S2

@ Syntetické testy — Cervena 920h, zelena
@ Q=510.35

, modra 230h zaznamu
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° Faktor kvality — sféroidalni mody 0S3

@ Syntetické testy — Cervena 500h, zelena , modra 124h zaznamu
> Q=419

zprimérované: po stanicich (500h):
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° Faktor kvality — sféroidalni mody 0S4

@ Syntetické testy — Cervena 320h, zelena , modra 80h zaznamu
* Q=374

zprimérované: po stanicich (320h):
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@ Syntetické testy — Cervena 236h, zelena

@ Q=356

zprlmérované:

° Faktor kvality — sféroidalni mody 0S5

, modra 59h zaznamu

po stanicich (236h):
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» Faktor kvality — sféroidalni mody 1S2

@ Syntetické testy — Cervena 252h, zelena , modra 63h zaznamu
@ Q=310

zprlmérované: po stanicich (252h):
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° Faktor kvality — sféroidalni mody — 0S5

490h zaznamu; Cervena 236h, zelena , modra 59h zaznamu

Zprlimérovana syntetika Prlimér ze 14 stanic Pr@imér ze 7 stanic
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* Faktor kvality — sféroidalni mody 0S3

MAJO -- Matsushiro, Japan

Sumatra 2004 wlf ' | - - :
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Fig. 6. Time-domain study of the outboard singlets (m=+3) of (53 at Matsushiro (MAJO). The exceptional quality of this 17-day record allows the isolation of singlets by
directly narrow band-pass filtering the record, as sketched on the frequency domain records shown at left. For both singlets, the resulting time series is shown on the top frame,
and its envelope, plotted in logarithmic units on the bottom one. Least-squares fitting of the latter by a straight line yields best-fitting Q (from the slope of the regression)

and moment in dyncm (from its zero-intercept).
Okal and Stein (2009)
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* Faktor kvality — sféroidalni mody — singlety

Roult et al. (2006)
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. 3284 - 3284
Synthetic data,
05, mode, 3283 3283
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Fig. 5. Test of feasibility on synthetics. Comp of the  quality factor for the singlet m=—1 of the 4S; mode, from 21 time series of 240h

shifted by 3 h. The method is here applied to a syml 2 o ding to the Peruvian earthquake of 2001 June 23rd recorded at the
Strasbourg station, and ¢ d with the PREM-re model. The three plots correspond to variations with respect 1o time of: (a) the amplitude of
the peak. (b) the free period of the singlet determined by the frequency corresponding to the maximum of amplitude of the peak plonted above
{full curve), the PREM-re value (red curve), (c) the function wnNQ = m T log{A(1)/Anws ) (full curve), the slope corresponding to the observed () value
(dashed line), the slope related to the PREM-re @ value (red line), The peak is clear for all series (a), with a very small vaniation of the free period
(b). The @ value is derived from the slope of the lower plot (¢), which is quite a straight line and the error on ( is less than 1%, The observed free
period for that singlet is 3284.16s instead of 3284.15s in the PREM-re model, and the observed ( value is 501.7 instead of 501.8 in the PREM-re
maodel. The emrors on (! values are very low, less than 125 for each individual singlet; it proves it is correct to determine () values from each individual
singlet.
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Fig. 6. Con of the @ quality factor for the singlet m = +1 of the g% mode. The method 15 here applied to the real record of the Peruvian
earthquake at ST station (Strasbourg. France), from 30 series of 240 h shafted by 3 h. The three plots correspond to vanation with respect of time of:
(a) the amplitude of the peak. (b) the free period (in 5} of the smglet deteruined by the frequency comesponding to the maximum of amplitude of the
peak plotted above (full line), the PREM-re value {red curve), the mean free period (dashed line), the mean value (blue line) determined by Rosat et
al. {2003h). (c) the function W= 7T log{A{r} Ay ) (full curve), the slope comresponding to the observed (F value {dashed line). the slope related
to the PREM-re (? value (red line). The peak is clear for all series {a). with a small variation of the free period (b) and a mean ( value significantly
different from the PREM-re ( value. The observed free period for that singler is 3186.24 « instead of 3188.28 « in the PREM-re model, and the
observed {2 value 15 5722 instead of 516.5 in the PREM-re madel.
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* Modelovani

ot?
V- (Vo +drGpou) = 0 ~— ® poissonova rovnice

AV -ul +p {V’u + (Vu)'l} = T =

@ Rovnice V7 Ve +V-(pou)Vpo—=V(ppVeo-u) = py ——m pohybova rovnice

reologicky vztah
u - posunuti
¢ - prirQstkovy gravitacni potencial
T - prirQstkovy tenzor napéti

A and 1 - Laméovy parametry télesa

;. s o ) = U, (1S, o)+ V, (r) S (0, »
® Sféricka harmonicka dekompozice """ N )

s Diskretizace pomoci schémat s pseudospektralni presnosti v kofenech Cebysevovych
polynomdl.

@ Vlastni é
astni problem {g g”;]:[’\g] =) [A-BD 'C]Y =)\Y =8 Z= D 'CY

- vektor Y obsahuje posunuti na vnitfnich bodech vrstvy
- vektor Z obsahuje potencial a posunuti na hranicich

@ Faktor kvality @ '=2w"! /a[(ﬁ:gKn)Q;l + (poK,)Qy 1 dr
0

3.5.2013 Vlastni kmity — od Q k CMT 30



[ 4 7 =
» Radialni kmity
[4] The acceleration of a spherically symmetric, non-
rotating, anelastic Earth at a receiver located at x,(r,., 1,, ©,),
that is excited by a moment-tensor source M situated at
xXs(r, Uy, 05), 1S given by a superposition of spheroidal and
toroidal modes,

a(Xe X t) = ZA;\.{x,.xs)cos(wr) cxp(— ﬂ) (1)
% 2

The coefficients Ai(x,, Xs) are linearly proportional to the
moment-tensor components, and they depend on a source-
receiver geometry and the mode eigenfunctions; wj are
angular frequencies and Q; quality factors of the modes.

[5] If we consider a part of the response caused by a radial
(degree-zero) mode, we can directly determine the coeffi-
cients Ay(x,, X,) that are independent of the horizontal
coordinates [Dahlen and Tromp, 1998, section 10.3],

U, : s
Aolrr, ) = 7= [ MUY + (Mg + Moo) e,

&

(B

where the eigenfunction U and its derivative U are only
radially dependent, U, = U(r,), U = U(ry), and M,,, Myy and
M., are diagonal spherical polar components of the centroid
moment tensor M.

[6] If we take into account that the isotropic component of
the source is negligible [Kikuchi and Kanamori, 1994; Okal,
1996], i.e., M,,.= — (Myy + M,,,;), the surface acceleration of
a device caused by the radial modes depends on only the one
component of the moment tensor M,,. and on the depth of the
centroid,
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° Radialni kmity — Maule 2010, Tohoku 2011

0S0 — 450h zaznamu, 1S0 — 170h zaznamu

1-2""|""“"" e L 2.2"‘||""|""“"""""""

Maule 2010 Tohoku 2011
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*
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@ PS2 — USGS Centroid Moment Solution 1 ™

@ PS3 — USGS Wphase Moment Solution

o

Figure 1. The triangles represent the SG sites used in this study. Red ones were employed for both events, white only for
the 2010 Maule earthquake and yellow only for the 2011 Tohoku earthquake.
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° Radialni kmity — Maule 2010, Tohoku 2011
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Figure 4. Vertical acceleration amplitude spectra of the modes
oS0 and | Sy from the averaged SG data (red) and the two syn-
thetics: M1 (green, depth 21 km; M,, = 1.055 x 10** Nm) and
M2 (black, depth 44 km; M,, = 1.025 x 10%> Nm) for the
2010 Maule earthquake. A Hann filter and Fourier transform
were applied to 450- (170-)hour time series.
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Figure 5. Vertical acceleration amplitude spectra of the
modes (S, and S, from the averaged SG data (red) and the three
synthetics: T1 (green, depth 13 km; M,, = 1.60 x 10°* Nm),
T2 (black, depth 18 km; M,,. = 1.69 x 10°* Nm) and T3 (blue,
depth 29 km; M,, = 1.60 x 10?? Nm) for the 2011 Tohoku
earthquake. A Hann filter and Fourier transform were applied
to 450- (170-)hour time series.
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» Radialni kmity — Sumatra 2012

http://earthquake.usgs.gov/earthquakes/eqinthenews/2012/usc000905¢/finite_fault.php
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Stanice PE:

° Radialni kmity — Sumatra 2012
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@ PS1 and PS1*: Global CMT Solution
Mrr = 1.36*¥10* Nm, depth = 40 km; M’rr = 0.58*10* Nm, depth* = 54 km

@ PS2 and PS2*: USGS Centroid Moment Solution
Mrr = 0.40*10* Nm, depth = 40 km; M’rr = 0.45*%10* Nm, depth* = 43 km

@ PS3 and PS3*: USGS WPhase Moment Solution
Mrr = 1.25%10* Nm, depth = 25 km; M'rr = -1.18%10* Nm, depth* = 16 km
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M* ., [102"Nm]

° Radialni kmity — Sumatra 2012
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@ PS1 and PS1*: Global CMT Solution
Mrr = 1.36*¥10* Nm, depth = 40 km; M’rr = 0.58*10* Nm, depth* = 54 km

@ PS2 and PS2*: USGS Centroid Moment Solution
Mrr = 0.40*10* Nm, depth = 40 km; M’rr = 0.45*%10* Nm, depth* = 43 km

@ PS3 and PS3*: USGS WPhase Moment Solution
Mrr = 1.25%10* Nm, depth = 25 km; M'rr = -1.18%10* Nm, depth* = 16 km
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» Sferoidalni mody

Zrychleni pristroje

Wit
a(Xp, Xs, 1) = O Ak(Xr, Xs) CO8(wpt ) exp (A)
- 2k

- momentovy tenzor, epicentralni vzdalenost, azimut
- vlastni funkce ve zdroji a na povrchu
- korekce na volny vzduch a naklon
Ar(xp,x5) = M ep(xs)sk(Xy)
volba bazovych momentovych tenzor

Myy — M,
M = M, G, + —2 55 Gyt MyyGo + My, G + My, Gs

Mddy do 1mHz izolované ve spektru

G1=(1,-1/2,-1/2,0,0,0) G, Gy Gy Gy G

i 052 0.907 0.045 0.0015 0.0015 0.045
2=(0,1,-1,0,0,0) 053 0.671 0.165 0.0000 0.0000 0.165
G3=(0,0,0,1,0,0) 0S5 0.580 0.204 0.0010 0.0010 0.205

_ 1Sy 0404 0.282 0.0159 0.0159 0.282
¢4=(0,0,0,0,1,0) oS0 1.000° 0.000 0.0000 0.0000 0.000
G5=(0,0,0,0,0,1) 0S5 0.553 0.221 0.0024 0.0024 0.221
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* Sféroidalni mody — podil bazi
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@ spolecna analyza sféroidalnich modd do 1mHz

@ zbylé dvé slozky momentového tenzoru

» Sféroidalni mody — Tohoku 2011

fixované na hodnoté PS1

“_IIIIII IIIIIIIIIIIIIIIIII_mIIIIIIIiIIIIIlIlIIIIlIIIII
2.1 _*Psﬂ 1+ pso 0.9
2.0_— —+ x pga .
£ 19 ps3 T 1°°
& 1'8__ PS1 1 0.7
= 1743 1
= =N % Eﬂ"’* %%0.6
15 =+ PS1 -
1.4} - 0.5
-0.3—| preeH ——| | e |;;.o.9
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10 20 30 40 50
depth [km]

10 20 30 40 50 60

depth [km]

(Mg — Myy)/2 [1022Nm]

normalized misfit

pouzité tfi sady Q

l [H] (2{] (Jg (2[} 1/2 [ll]
052 3234 510 525 230
053 2135 417 380 124
054 1546 373 365 30
159 1472 310 310 63

oS0 1229 5327
055 1190 356

5500 5714 910

350 59

@ Cervena Q0 — PREM

@ zelena Q1

@ modra Q2 — Tanimoto et al. (2012)

PS1 — Global CMT Solution
PS2 — USGS Centroid Moment Solution
PS3 — USGS Wphase Moment Solution
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» Sféroidalni mody — Tohoku 2011

Analyza jednotlivych méd{ pres vsechny stanice
pro tfi hloubky odpovidajicich jednotlivym agenturam
2 2 F (T0xm) T (zokm —F e = @ cervena Q0 — PREM
S A T T @ zelena Q1
i 1.8F iﬂﬂl 4T ﬁj ‘L L E w e , Q |
2 16;;:;;};;{” S 2 N *=t i M i @ modra Q2 — Tanimoto et al. (2012)
. I -1 1 R |
= 14r T T ’
=~ 12F + + .
% 1ol (T0km) — ¥ (20xm) — 1 (24xm) - x 0S2
g T T 11T il A 0S3
ST H% T }H T T M ] s 0S4
‘;g 08 It L OWT ot WTTE T s 152
oo e T i ] vV 0S0
£ 04r T - T 1] #* 0S5
~ 0.0 (10km) -+ (20km) -+ (24km) g
E _02-_ — L5 4 _-_ T Jorx :_ T ok _-
£ 04k T L Tkl L Trllm i _
Y 1 i TP pAn i1 PS1 — Global CMT Solution
DS N 1] B | NSS
=-08F T T - PS2 — USGS Centroid Moment Solution
~108 — — - PS3 — USGS Wphase Moment Solution
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» Sféroidalni mody — Tohoku 2011

IIllIlllIIIIIIIIIIIIIIIIIllllIlI

@ pokles logaritmu normované amplitudy v ¢ase 0.1p
— pres vSechny stanice B

@ délka Casovych rad
— "QoT/2 ]

IIIIIIIIIIIII!II([I

@ nejlepsi reSeni pro Q0, Q1 a Q2
— udélano v At =0

@ sklon odpovida faktoru kvality
T[s] Qo @ Q2 QoT/2 [h]

0S5, 3234 510 515 525 230
0Ss 2135 417 430 380 124
0S. 1546 373 401 365 80
1599 1472 310 322 .310 63
0So 1229 5327 5500 5714 910 ik
0S5 1190 356 380 350 59 -
5 -
@ data a o
@ cervena Q0 — PREM g - "
: e A | 14 -5
llll_]]l] llllllll]III_llIll]]llllll
* zelena Q1 50 100 150 50 100 150
@ modra Q2 — Tanimoto et al. (2012) At [hrs] At [hrs]

DLP

DLP
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* Vlysoke frekvence

@ Syntetické seimogramy

wyt
a(Xp, X, t) = Y Ap(Xp, Xs) cos(wyit) exp (——A)
(e 00) = 3 A ) exp (5

‘M
“ W ] AAAMAA /\/\/\/\/vL o AAAAA AR

000000

------

Hz. ASC'u ($1):2

hy \
Mfm
\H\J

@ Statické posunuti

S(Xr- Xs) = Z A#(Xr- Xs)"".,t,Tg

k
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