Towards comprehensive probabilistic tsunami
hazard assessment in the Arabian and Red Seas
and in Persian Gulf

Andrey Babeyko

German Centre for Geosciences GFZ, Potsdam, Germany

eeeeeeeeeeeeeee

A. Babeyko (GFZ): PTHA ICG/IOTWMS TT "Scientific Tsunami Hazard Assessment of the Makran Subduction Zone", online meeting Nov 9, 2021



From Summary

of Session-3 “Tsunami Hazard Assessment in the Makran
Subduction Zone”
during Expert Consultation Meeting, Kish Island, Iran,
08.03.2019

Future Priorities:

= Produce a probabilistic tsunami hazard assessment for the Makran region.

= Undertake tsunami risk assessments in coasts bordering the Makran region
incorporating available data on vulnerability and exposure.

= Constrain the run-up and inundation using the 1945 event and produce a
database.

= Reach a consensus on the seismic character of the Western Makran
subduction zone.

= Encourage field studies in the Makran (and Persian Gulf) region including
geophysical (e.g. seismic and geodesy) and geological (e.g. paleo-tsunami
studies).
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Developing a seismic source model for the Arabian Plate
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Table 1 Earthquake recurrence parameters for the delineated seismic sources. ltalic font are the recurrence parameters for (l
35° M 4 + that contains the delineated seismic sources (All Makran, All Zagros, All Gulf of Agaba-Dead Sea Fault, All Red Sea, All A
Zone No.  Zone Name My  Mupsee  Mun  Muogobs B ofy b ob ]
All Makran 84 0.27 4 81 Le7 007 073 003
Zone | Makran East 8.4 0.1 4 8.1 157 014 068 006
30" M 1 = Zone 2 Makran Intraplate 78 0.3 4 73 149 016 065 006
Zone 3 Makran West 6.2 0.23 4 5.9 165 019 072 008
Zone 4 Jaz Murian 6.8 0.82 4 6.1 156 02 0.68 009
Zone 5 Zendan Fault 6.3 0.22 4 6.1 130 02 0.57 009
Zone 6 Jiroft Fault 6.0 0.14 4 5.8 .70 017 074 007
25% M 4 - Zone 7 Al Abad 6.8 0.18 4 6.6 152 014 066 006
Zone 8 Gowk Fault 7.5 0.34 4 7.2 168 013 073 006
All Zagros 7.5 0.12 4 74 1.8 004 08 002 .
Zone 9 Arabian Gulf 6.2 0.26 4 6.1 174 016 076 007
Zone 10 Zagros Foredeep 6.8 0.21 4 6.7 183 0.1 079 005
20° N1 L Zone 11 Zagros Simple Fold 69 021 4 6.8 182 007 079 003
Zone 12 High Zagros 7.6 0.24 4 7.4 175 0.1 076 004
Zone 13 Sabz Pushan Fault 6.3 0.34 4 6.1 169 019 073 0.08
Zone 14 Karebas Fault 5.8 046 4 5.4 1.81 022 078 009
Zone 15 Kazerun Fault 6.0 0.21 4 5.9 160 019 069 008
15* M 1 - Zone 16 Borazgan Fault 5.8 0.22 4 5.7 16l 019 07 0.08
Zone 17 Dezful Embayment 6.8 0.12 4 6.7 186 0.1 081 004
Zone 18 Mesopotamia 6.5 0.3 4 6.4 215 018 093 008
Zone 19 MFF 6.4 0.22 4 6.3 159 015 069 006
Zone 20 Khanagin Fault 73 0.32 4 7.2 176 016 076 007
10* N 1 Um . Zone 21 Poshi-E Kuh Arc 7.0 0.31 4 6.9 1.86  0.14 081 0.06
- s : ’ ; : = Zone 22 Kirkuk Embayment 6.6 0.3 14 6.5 168 017 073 007
I5°E 40" E 45*E 50°E E5°E 60° E 65°E Zone 23 Abdelaziz-Sinjar 54 0.36 4 52 191 022 083 0l
Zone 24 Bitilis 6.9 0.32 4 6.8 191 0.2 0.83 009
Zone 25 Karacadag Extension 6.9 031 4 6.8 172 023 075 0.1
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Probabilistic Tsunai Hazard Assessment
extended over the whole region and all earthquake sources

Tsunaml modellng In two domains

\ Domain #2:
shallow basins, direct

source-to-target

modeling Y

Domain #1:

Y 4 deep basin,
24 modeling with
®L P Greens’ functions

f_.

-‘2 T

* PTHA after regional seismic model by the Oman group
(El-Hussain’2018) + West India zones by S. Chopra
(pers.comm.)

« Two simulation domains: Arabian Sea + Red Sea & Gulf
e ~ 2000 coastal Points-of-Interest

e ~ 40 000 pre-computed Green’s functions

* to simulate ~5 000 000 propagation scenarios
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Greens’ functions area and coastal POls
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Greens’ functions area and coastal POls
(zoom)
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e ~ 2000 coastal Points-of-Interest
: - Y- L g ST * ~ 40 000 pre-computed Green'’s functions
u“'q.\ SR L i h-L, . & /- B - to simulate ~5 000 000 propagation scenarios
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Makran subduction geometry mesh
(seismic zones 1-4)
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MSZ geometry model after G.Davis (Geoscience Australia)
triangulated by A.Scala (U Napoli)
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Makran subduction M8.5
slip distribution examples
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In this study seismicity is not restricted to MSZ (zones 1-4)!

Many other seismic zones have to be considered as well.
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Modeling of volume-distributed (background) seismicity

2 ¥ o 000 o 0D
.'°‘°°°ﬂb°°

- L L L a L ] L ] L -=tu- ¢ﬂ.¢¢. e e o
' -k b o 6 6 6 0
oo o

[ W
f»nin

o o o 0 oW
@0 0000000 0
oo@oodo ol
IR0 - T T R
ﬂﬂﬂﬁﬁﬁﬁiﬂb

@ 0 O 90 O O O
(- AW N
b oooooo o g

o & 0o 0 0 0 O O

fc@eoodoon

o o

L] L] L ] L ] L]

L L] L 2 L ] L] oo @Be o @00
90 000 o o & 00000

L] L] L] L ] L]

> - R RERREEES Per centre and magnltude
_________________ - depths: [5, 15, 35] km
e - Strikes: each 45°
- dips: [15, 45, 60, 90]
,,,,,,,,,,,,,,,,, - rakes: [0, 90, -90]
s R S8 scenarios

oo o@o o@oo0@o o
x o

2

-3

o

a

L
L]
L]
-
L
Lo doe O O O 0 O O 0 0 0 0 00000

()
CEB o oBoo@ oo Bo G

R - I T
(=T - - TNV T - B - - R |

0 oo 0000000 C0 000000000 0 O

In total ~4000000 scenarios

. G o0 B B 00 0 0 U0 DRSO OO G T T T R T
e 8 ¢ o @ o o @00

i L o 0 6 00600 6000000
'DDGGFFGFGM##' -----------------------
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Modeling of volume-distributed (background) seismicity

Focal mechanisms compilation (El-Hussain et al.’2018) :> PDFs of fault parameters (Sunanda, pers.comm.)
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Discussion points

 Most PTHA-construction blocks already prepared and available (see
also following presentation of the INCOIS team)

e But we need to move faster

* To speed up PTHA-assessment:
1) Hackathons in DE/IT? — should work

2) Expand implementation team? — for pilot study probably not, if
moving to an extended version- necessary

3) Alternative leadership? — may work
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