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Kinematics and dynamics

Recorded Ground Velocities

i L, Ground motion observations :

Seismograms of the .
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. Kinematic models (how?)
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Early attempts of dynamic source inversion
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shear stress

Peyrat et al (2001) - 1992 Landers earthquake



c) Stress
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Peyrat and Olsen (2004)
2000 Mw 6.6 Tottori, Japan earthquake
Non-linear inversion by Neighborhoood Algorithm E— . ——
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Trade-off between dynamic rupture parameters

JStenat Spudich & Guatteri: trade-off between (t, — t4) and D,
Vield Strength T when the inversion is based on low frequency data
N
>slip

Initial Stress T,

Physical explanation:

Sliding Strength T,

D(
Critical Sp- * Static elasticity = final slip D(x) depends linearly on
weakening
distance stress drop At(x) = t5(x) — 74(x)

* Fracture mechanics = First-order aspects of dynamic
rupture depend on the non-dimensional number

_ 2
K = G()/GC ~ (TO Td)W

u(ts—t4q)Dc




Di Carli et al (2010) - Tottori earthquake
Dynamic source inversion based on elliptical patches
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Dynamic source inversion

Gallovic et al (JGR 2019)
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Uncertainty quantification
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Dynamic source inversion

Gallovic et al (JGR 2019)
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Dynamic source inversion

Gallovic et al (JGR 2019)

Synthetic test

Verify the simplified FD code
by comparison to a more
complete but more expensive
code, WaveQlab3D

Up-dip (km)

WaveQLab3D FD3D
L L
] Osf 1 Osf
] L] E B)
] a [ & [ WaveQLab3D
-t 20 {
T Ly 1
1 1s 1 1sp i
] E o 5 154 S ERARACT
] =[] & [ & | ;
] L ] L 210 ST LA T
M S PnreYE L
] 2sp ] 2sf 51 R Eam
] El E 1 e e
] - - - e e AR =
] - F [ [matwm o mussEc:anEs .
— —
I S S R S S I S T ' 0 5 10 15 20 25 30 35
1 e E A 35: Along strike (km)
B E o
FD3D
L L 20 1 .
] ast 4sp { e S P T T T
] | w [ ] oy [ LR e e i erete et
Y O D G (o G 4 IS SR TR T TR N 1 < | AT A |
: 5 s
] Eo t s B 1 TR TEC
] x F 1 *x 6§ (T e weamm)
——rT— —r—r—t T e e s i e s e
1 [ 6sf 0
] L] E 0 5 10 15 20 25 30 35
] % r 1 ¥ L Along strike (km)
B ] o & 4 18 *
5 = 5 sto m
] o F 3 =k
] 8sp 1 8sf
2| E 1 | [ L8 WaveQLab30 WaveQLab3D WaveQLab3D
a E o £ 14 [ p— i p— [ p—
- X r 1 x r 5 12 1
4 E 9 [ § 1 | 1
AT A | I T O 1 E oo I|A | I
] 9sf A 9sf  § o \‘\: [ \ )
] . S § S~ | ——
] * *x I 012345676910012345678010 012345676910
] = ] L Time (s) Time {s) Time (s)

0 5101520253035
Along strike (km)

0 5101520253035
Along strike (km)

CI=r—T T
0 02040608 1 1214
Slip rate (m/s)

N-S E-W

Displacement
(cm)
4.18

—_—T A"— 275
B3 ——N\—"-"—7—-—— NN — 490

% —"_ _———~~——— ——~———— 515
05—\ ——mm—— —\_— —~——— ——~——— 286
%6 — AN ——— —~ ————— ——~—~—————— 275
v — A — 941

8 ———— A —~—— A ——————— 361

09 ——\/ \———— —A————— 690
10 ——/ ~——ro 11.73
"M — N — 6.22
12 \~~——— 7.10
13—/ — 9.78
14 —N S = R S "
"”$f——— 339
16 ———/— 9.03
17 ——/~— 17.21
8%~ AN~ 273
19 A ~——— 12.31
20 —\/~— 16.00
21 —Ne—rrr— 5.74
2 — —\—— 12.01
23 ——\/~— 17.05
24 Noo—— 5.82
25 \~e——— 6.14
26 —\/ "~ 10.93
27 —\/~—— 15.04
28 —~—————— 6.20
29 A\~ ~—————— 10.09
30—/ ~— 14.81
H—— NN 112
22— NA——"r — N— 289
B3 1093
B — NS ——— 175
B —N—— " 6%
% — - — S — 232
37— 560
B - "— ———— —~—————— 610
B9 T A= 2.06
49 ———————— ———\ N —— 3.94
40s ——— WaveQLab3D

— FD3D



Number of models

Dynamic source inversion

Gallovic et al (JGR 2019)
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Number of models

Dynamic source inversion

Gallovic et al (JGR 2019)
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Gallovic et al (JGR 2019)
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Dynamic
source
Inversion

Gallovic et al (JGR 2019)

Dynamic source
parameters

Up dip (km)

Up dip (km)

Up dip (km)

20
15
10

Static - Dynamic fric. coeff., pug-pgy

20
15
10

20
15
10

0
0 5 10 15 20 25 30 35

0
0 5 10 15 20 25 30 35

0
0 5 10 15 20 25 30 35

Target model
Prestress, t; (MPa)

Strength excess (MPa)

ONPOD

ONPOO2 2

0.2
0.15
0.1
0.05

Characteristic slip-weakening dist., D, (m)

Up dip (km)

20
15
10

0
0 5 10 15 20 25 30 35

Along strike (km)

00000000~
Nwhnm~NL©

Up dip (km) Up dip (km) Up dip (km)

Up dip (km)

20
15
10
5
0

- ek
o

0

20

-
a o o

0

Inferred model mean
Mean Prestress, t; (MPa)

0 5 10 15 20 25 30 35

0 5 10 15 20 25 30 35

Mean Strength excess (MPa)

% |

0 5 10 15 20 25 30 35
Along strike (km)

ONBOOA2a

Mean Static - Dynamic fric. coeff., pg-py

201 0.
0.15
0.

0.05

0

ONBOD

00000000
Nwhnm~N®©

2

1

Mean Characteristic slip-weakening dist., D (m)

Inferred model uncertainty

Up dip (km) Up dip (km) Up dip (km)

Up dip (km)

20
15
10

20
15
10

0
0 5 10 15 20 25 30 35

Dl
0

2xSigma (MPa)

2xSigma

0 5 10 15 20 25 30 35

2xSigma (MPa)

0 5 10 15 20 25 30 35
Along strike (km)

o=~ N whH O

0.1

0.08
0.06
0.04
0.02



Dynamic source inversion

Prestress, t; (MPa)
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Dynamic source inversion

Application to the 2016 Amatrice earthquake Gallovic et al (JGR 2019)
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Dynamic source inversion

Application to the 2016 Amatrice earthquake

Gallovic et al (JGR 2019)
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Dynamic source inversion

Application to the 2016 Amatrice earthquake Gallovic et al (JGR 2019)
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Dynamic source inversion

Application to the 2016 Amatrice earthquake

Dynamic parameters of
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Dynamic source inversion

Application to the 2016 Amatrice earthquake

1400
1200
1000
800
600
400
200

Number of models

Ensemble properties:

900

Variance reduction (%)

0
0.350.40.450.50.55 0.6 0.65

Nucleation zone size (kmz)

800
700
600
500
400
300
200
100

Histograms of rupture
parameters

Number of models

800

0 2 4 6 8 1012 14

Radiated energy (x10'% J)

700
600
500
400
300
200
100

Number of models

MO (x10'8 Nm)

1200
1000
800
600
400
200

-

8212427 3 3336

Mean nucleation overstress (MPa)
1000 T T

o
o
o
LI I BN N I B B |

| NN N N TN N S I -

0 0.5 1 1.5 2

Energy-to-moment ratio (x10'5
1 400 T T T T T
1200
1000
800
600
400
200

G

2000
1800
1600
1400
1200
1000
800
600
400
200

1400
1200
1000
800
600
400
200

1200
1000
800
600
400
200

allovic et al (JGR 2019)

Mean stress drop (MPa)

T3 LT LT 0l
Y TN T 1S (Y I T L

0
38 4 42 44 46 48

Fracture energy (x1014 J)

2 14 16 18 2 22

Radiation efficiency

.15 0.2

0.25



Dynamic source inversion

Application to the 2016 Amatrice earthquake Gallovic et al (JGR 2019)
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Dynamic source inversion

Application to the 2016 Amatrice

earthquake

Gallovic et al (JGR 2019)

Ensemble properties:

Mean and variance of
rupture parameters
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Dynamic source inversion

. . . Gallovic et al (JGR 2019)
Application to the 2016 Amatrice earthquake
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Dynamic source inversion

Application to the 2016 Amatrice earthquake
Gallovic et al (JGR 2019)

Velocity waveforms for the
best-fitting model, 0.05-5.0 Hz
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Dynamic source inversion

Continued development of dynamic source inversion
enabled by advances in computational power and sampling algorithms
Provides physics-based regularization of the inverse problem

Challenges ahead:

* Finer scale resolution of dynamic parameters

* More realistic friction laws + off-fault dissipation

* Include uncertainties in crustal structure (model covariance Cp)



