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The January 12, 2010 Myw 7 Earthquake Disaster in Haiti

Due to the lack of
seismometers during the
2010 Haiti earthquake:

20°

Overestimated shaking
Intensity near the epicenter

18°

Underestimated the extent
of potentially damaging

(a)

USGS ShakeMap : HAITI REGION

Tue Jan 12, 2010 21:53:10 GMT M 7.0 N18.46 W72.53 Depth: 13.0km [D:2010rja6

(b) USGS ShakeMap : Haiti
Jan 12, 2010 215310 UTC M 7.0 N18.46 W72.53 Depth: 13.0km ID:20100112215310

Based on surveyed damége, GMPEs

shaking from recorded aftershocks, forward
propagation models...
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ShakeMap generated more than a day
after the earthquake

ShakeMap generated more than 7 years
after the earthquake
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Data Processing

X, M
-1000 O 1000

11000

T ———

-1000

e —————

+25° 1 = | &

(fuba
+20° 2N

o 'ﬁfutker's Town

3

Dominican | o2
Figs. 1 & 5 Republic Nl W e

¥

e P AR =Lk . AR R Cly g
-800 -750 -700 -650 5:-|§5"|';|a' ‘ Z ¥ =y R "i'iv@lgz:;e‘ﬁj}_2’(')‘1290r{'lsaxca(:o?e':ihnologies Google Earth

3
.‘ -
v
A
.
o

© Authors. All rights reserved



X, M
-1000 O 1000
L1

© Authors. All rights reserved

— Origin time: 2010-01-12 21:53:10.410000 UTC
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Array: 1S51 | 3 elements | event range: 1738 km | event BAZ: 209°
Beamforming: wlen: 30.00 s | overlap: 99% | freq: 0.45 --> 2.00 Hz
Event origin time: 2010-01-12 21:53:10.410000 UTC
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1 0.5 0.340.28

\}

©
(0)]
1 1

0.4 -

'(i?ll‘ [ll*r:'{ilirl;';lfl'w!ﬁ?f1;.';1]”:".'& H" "I'b:lk. II.LHI:W':F .' I ‘W}W" _i'.:-i',f

Power, Pa2

o
w

— T ' 1 I
2000 4000 6000

Time since origin, s

_Px.py slowness grid _

.C-BAZ = 10°

'SNR > 0.7

0.004 + B
0.002 —
= _
“? 0.000 4
B: i
~0.002 4 -
—0.004 “hs -
pPX, s/m
Celerity, km/s
0.32 0.31 0.3 0.29
| | | |
o 215 2 -
N 210 -
m .
205 - -
400
B _
&
> 350 - -
<
o 5.0 - -
©
w 2.5-
' — T T T T T T T '
5400 5600 5800 6000 6200

Time since origin, s

© Authors. All rights reserved



X, m
-1000 0 1000
" R I B R
1000 H
# % IS51
Florida E 54 ~ /\ Bermuda
> 1A
+30° 1
—1000 -
)s
é@
+25° g
] Cuba
+20 / Puerto
Haiti Rico
g
Dominican
Figs. 1 &5 Republic
+15° '
-80° -75° -70° -65°

150

Altitude, km
N o N O
@) o (&) o @)
] ] ] ] ]

Epicenter, Haiti

o
l

Effective sound speed profiles from Haiti to Bermuda

Ceff, M/S

Adiabatic

b, sound speed

40-
120-5
100-5
80-5

Altitude, km

60 -
40 -
20 -

c 1 1

Zon. & mer.

wlinds

250 300 350 400 450

Along & cross
d  trackwinds

IS51, Bermuda

Effective
e sound speed

A mEm e N O S S S . . - - O . . -

0

—— ———
300 400
Ct, m/s

Cw, M/s
— N E

——
-25 0 25

Cw, M/s
— AT-wind X-wind

——
300 400
Ceff, M/S

MSIS-00 & HWM14

© Authors. All rights reserved



Altitude, km

(a)

Seismo-Acoustic Coupling and Propagation Conditions
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Fast Field Program (FFP) Setup:
e Sources at 10, 8, 6, 4, 2 km depth
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e Modeled velocities: 300 - 450 m/s

Averbuch et al. ASA2020

5\ """

—h
o
"

—h
0
"

Depth [km]

P
7))

Hayes et al. NG2010



Acousto-ShakeM
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Proof of Concept with the help of Lord Rayleigh

Piston velocity
Spectral amplitude

Piston displacement
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50 km extended source
discretised to 400 m pistons

Gaussian STF, f.=0.1 Hz
moveout velocity of 3 km/s
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Proof of Concept with the help of Lord Rayleigh
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Discussion & Conclusions

e The temperature gradient in the thermosphere makes
it so there is always a thermospheric duct that is
effective to about 2000 km.

 This means that the existing infrasound
stations of the IMS already provide 90%
coverage of landmass.
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e When the network is complete the .
coverage will increase to 97%.

* The remaining gaps can be easily
covered with nationally operated
stations.

Next steps:
3D and 1D raytracing...

Translating measured acoustic pressure intensity to
ground motions at the epicenter...
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