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Seismic radiation and earthquake size

Since the early days of Seismology (1930-1940), it
has been well known that the greater the size of an

earthquake, the more efficiently longer-period
waves are generated.
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Far field radiation from a dislocation source

Far field ground displacement is proportional

Source
j/ X’)(t) x M(t) to slip (moment) rate on the fault
— ..
X

Propagation

- Fault Surface (S)

Fault Slip D(?)

4—"7 Fault Double Couple

Instrument

Recorded ground displacement

%II %* lf

&(tﬁx M (¢)
Recorded ground velocity Seismic moment (Aki, 1966)
/>( > u(t) o< M(t) My = puSD(t — c0)  (u:rigidity)
\/ \ /
e.g.,
> Knopoff and Gilbert (1960)
Time Haskell (1964, 1966)

Aki (1967)



Scaling law of seismic spectrum (Aki, 1967)

1. The seismic spectrum has a characteristic “omega-squared” shape:

M(f)

Source time

function

Fourler Transform

>

Source spectrum:
“*omega-squared”

spectral shape

2. The seismic spectrum is self-similar: Z\/_fo X fc_g
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e.g., Prieto et al, 2004
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Source spectrum and rupture complexity
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Maule 2010
Mw 8.8

PEAK GROUND ACCELERATION (m/s?)
10% PROBABILITY OF EXCEEDANCE IN 50 YEARS, 475-year return period
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The 2011 Tohoku earthquake (Mw 9.1): slip from kinematic modeling

140° 141° 142° 143° 144° 145°
|

O
Q
—~+
Q

v : s, o
- an
42° 42° 0
1
[1
41° 41° 1 N
0 Srr |
0 ko
| | ; gy
40° 4 A 7.4.03/11 40 I
[1
39° 39° 0 1m;”“““mmmmmmmmmmm
0 ot
I .u.HSA‘YEo”“
38" - - 38’ : e
F@ukushima : :i’i up
o : i
37° - ) 37 i
Ibara(lj(iO [ |
o @ o [
36° 4  Mw 0'68503/1 36° I
: i
1
35° 35° ] é\
; 3
215 B
34° " % 1.25 Source time function | Satriano et al., EPSL (2014) 0
140° 141° 142° 143° 144° 145° T g - (Moment rate) : 0
e o S S 04 - : i
0 5 10 15 20 25 30 35 40 45 50 é N : ;
Slip (m) 0 50 100 150 200 250 300
Time(s) i

frequency (Hz)



I
3 oo ceasrablpnsior s
IWTHO1
Okhotsk Plate WW‘""’"’"“‘
D '
.: 409 ,wrh13
o IWTHO2 Fo O et
y © WIOTs Vit AN
b @ IWTH15 y TN A 4 1 il
) IWTH19 ‘M
W \WTH20 H M Pl
X IWTH24 , '”W oy
@ ¥
1) 3 39 |HWTH28 e
©
‘ /] 004 )
4 N, MYGHO6G w
T
‘6:......
T o
ansseaslh ¢
HA s
.... @ 384 MYGOQ
EKSQ04
@ EKSH19
EKSH12 0
.'. R EKS013 (R YR
» :: 37_ N
@ IBROO1
|IBRH16
IBRH15
Pacific Plate 100 km o
I I I 1 1 1 1 1 - :
250 500 750 1000 1250 1500 1750 2000 IBRO12
Acceleration (gal) IRRO14
36 .
. - o_ - . 0 | 100
140 141 142 143 144 Time (sec)

Tohoku: a complex rupture when seen through strong motion

Ground acceleration at regional scale
A complex rupture: at least 5 sub-events,
close 1o the coast.

Fault slip imaged by teleseismic data
A compact rupture, close to the trench.

Satriano et al., EPSL (2014) Lee et al., 2011 (redrawn)



Teleseismic imaging of high-frequency radiation: back projection
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Method
(Ishii et al., 2005)

1. Grid of possible source
locations
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High-frequency sources and strong ground motion
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Satriano et al., EPSL (2014)
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Northwest Japan: Structural heterogeneity and seismic asperities
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Background seismicity and large earthquake
ruptures (M 7-8) inform us on the mechanical state
of the plate interface.

This information is useful to forecast the rupture
and radiation properties of future large
earthguakes.




Other examples: downdip HF emission for large subduction earthquakes

Maule (Chile) 2010 Mw 8.8

Iquique (Chile) 2014 Mw 8.1
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The 2015 Mw 7.8 Gorkha earthquake

84°E 86°E

Grandin, Vallée, Satriano et al., GRL (2015)

Fault The Himalayas Tibetan Plateau

Death toll of ~9000 people :
- About 1700 in Kathmandu and its valley
- 600-1000 by landslides

Maximum acceleration in Kathmandu (PGA) ~0.15 g:
- lower than expected
- In agreement with large damages but not full destruction
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Gorkha earthquake: intensity and ground acceleration above the rupture

28°30'
28°00' -
27°30'
84°30" 85°00' 85°30" 86°00" 86°30"
85.25 85.30 85.35 85.40 85.45
1 1 1 1
w - N
27.80 — : " AAKKN4 L 27.80
\ '/‘r
7;7;9/70/_\ -
27.75 Hop, ™ - 27.75
g™
Sankhu Road
['m AKATNP
27704 * gull - 27.70
\ v"\
) P Y 28 [ \ / ‘\\__ k- !
Tribhuvan Highway  AKTPATVU APTN ‘\ ATHM—
< !" - R ———————— — » ‘: J .
\ Araniko H"Qhw\ay\x
T ANAST
27.65 — 5 — 27.65
| Oh . 20T
EMS-98intensity 1 2 3 4 5 6 7 B EHE TR T RS P
T T : T T
85.25 85.30 85.35 85.40 85.45

Rotd50 (g)

Rotd50 (g)

Acceleration [g]

Acceleration [g]

04/25/2015 M7.8 Gorkha mainshock

05/12/2015 M7 3 Dolakha aftershock

02l KTP (rocj; NS 1 g 0. KTP (rock) NS -
of S o} *an—:‘* —
| ©
02+ : | | Tlmte [s] | @ 01} Time [s]
0O 10 20 30 40 5 6 70 80 § O 10 20 30 4 50 6 70 8
0.2 ' ' ' ' < o ' '
' EW
0}— of T —
- 0} e (.068g Time [s]
O 10 20 30 40 5 6 70 8 0 10 20 30 40 5 6 70 &
0— A S  o—— WA MR AAN AN A
- }mmwwww : ) A
. Time [s] | ks 0.0879 Time [s] -
0 10 20 30 4 S 6 70 8 § 0o 10 26 0 40 5 6 70 80
0.2 EW < &l —
0 ——anltf] f \ P Ao "M“WMW\ AAA prsmean
Ti
02 KATNP (soil) e 1K ATNP (soil) —elH
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
_ | — Record
----- BC Hydro
| - - BSSAl4
median
Median
+/- 1 std dev

1 Tt
0.110
Frequency (Hz)

Frequency (Hz)

Modified from
Rajaure et al., Tectonophysics (2016)

Kﬂodel

-
[] A
s’
v
,
[ ’

Moo

I Respaonse 4

>
Period T

Design Resporse Spectrn

Senne Ground Aceeleration

-

Oscillators

Figure 1. Concent of carthquake resporse spectrum.

e.g., Vrochidou et al. (2014)



Gorkha earthquake: kinematic slip model
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LF earthquake in Kathmandu, HF at the base of the rupture
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Rupture abruptly stops down-dip, with high-
frequency radiation, where the plate interface
strongly decouples.

Almost all the seismicity before 2015 Gorkha
earthquake is in this zone: stress
concentration?

Rupture gradually slows down up-dip, with no
high-frequency radiation.

No seismicity in this zone before 2015:
fully locked and/or strengthening friction?

Larger ruptures (M 8+) coud reach the surface
but only with low-frequency radiation?
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The 2013 Mw 7.8 Scotia Sea earthquake: fault segmentation and HF

Coseismic slip and back projection
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Fault heterogeneity and high-frequency radiation: synthetic tests

Homogenous: “Haskell" fault
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Synthetic test: homogenous model

Coherent HF radiation
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Synthetic test: variable rise time

Coherent HF radiation
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Conclusions

-~
.....

K diang T 2 0 100 Variability of fault-zone mechanical properties
s o Ay iR LR (e, g., coupling, asperities, geometry) controls the
' «4&r variabllity of earthquake radiation

(high-frequency - low-frequency).

Study of seismicity and deformation before
large earthquakes Is necessary to
characterize those properties and define
future large earthquake scenarios.

Coherent HF radiation
0.0 0.5
L

New imaging techniques like back
porojection can help in illuminating the
complex nature of earthquake rupture.
Still need to better understand the link
between high-frequency images and
rupture process.
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