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Tsunami Inundation Modelling and MAP

TIMM #: Probabilistic Tsunami Hazard Assessment of the Indian

Ocean
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What and Why PTHA ?

'PTHA stays for Probabilistic Tsunami Hazard Assessment

TEMPP 2025

-/

- Requires treatment of ALL possible seismic tsunamigenic sources, not only those with the large
magnitudes

- Byproduct: Tsunami database which could be used for any kind of further studies and applications,
e.g., for early warning, inundation mapping, evacuation planning

- Sources and, hence, their tsunami impacts, come with probabilities of occurance

- That allows to answer questions like: what is the probability of a tsunami wave height above 1 m within
the next 50 years?

‘fpr'as'*\\i‘ =
E:'ﬁ_JESCAP INCWDIS =

e BMKG




NWIO — Makran Region
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NWIO — Makran Region

Makran PTHA v.1.0 development team
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PTHA — Workflow adopted for NWIO

Probabilistic J

STEP1 earthquake model

| List of earthquake scenarios |

@ PTHA following
T the methodology

Tsunami generation Of
STEP2 J http://tsumaps-

|
{A(g)} Parametrization of offshore all |
) ! tsunaml scenarios at all target POIs |

{(maXr T, +)[M (Uk por )]} |

v

Shoaling and J

Mean Annaul Rates for all earthquake

| : : ] ) :

| scenarios, and relative epistemic uncertainty \ l l e a l I l e u
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STEP3 inundation

_

| Intensity distribution of inland tsunami intensity
. for all tsunami scenarios and at all target POIs,
| and relative epistemic uncertainty

{P(> MIHy|0%)por}

STEP 4 & uncertainty

Hazard aggregation
quantification J

TEMPP 2025 | Hazard curves and maps for inland tsunami intensity
. at all target POls, and relative epistemic uncertainty

{P(> MIH;;,,50 yr)po;}
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http://tsumaps-neam.eu/
http://tsumaps-neam.eu/

PTHA — Methodology for NWIO

- Hazard assessment: STEPS & LEVELS workflow -

Probabilistic
earthquake model

* definition of all the possible representative seismic
Goals: sources that may generate tsunamis in the future;
= guantification of their long-term mean annual rate.

STEP1 |

This analysis is performed with an Event Tree that decomposes the problem into a chain of discrete
conditional probabilities for aleatory variables describing the earthquakes.

L | . Regionalization Magnitude-Frequency Variability of earthquakes for each source (rupture position,
evels: & Seismic DBs Distribution (MFD) mechanism, size, slip) and for each magnitude of the MFD

* simulation of the sea-floor displacement;
J GQ‘IS: = simulation of the tsunami generation and propagation
from source to target area, at a given bathymetric depth.

Tsunami generation &
modeling in deep water

STEP 2

The output of this step are tsunami waveforms, modeled on a chosen isobath along the coasts of interest at
chosen points of interest in front of them.

Crustal model (elastic parameters,
Levels: friction), topo-bathymetric datasets,
and digital elevation models

Tsunami
propagation model
in deep water

Coseismic Tsunami
displacement generation model

. . ; * simulation of the last phases of the tsunami impact;
STEP 3 Shoaling and inundation J Goals: - stochastic simulation of the associated uncertainty
(including both source and tsunami modeling).

The output of this step is the maximum inundation distance ({the chosen hazard metrics) and its distribution
at the chosen points of interest along the coast.

Uncertainty modeling for hazard metrics
(including stochastic modeling of non-modeled
effects from STEPS 1-3)

Topo-bathymetric datasets Amplification and
and digital elevation models inundation model

Levels:

calculation of the hozard curves at the target sites for

Hazard aggregation & .
STEP 4 rtaint tificati Goals:  different percentiles of the epistemic uncertainty;
| uncertainty quantitication * sensitivity and disaggregation analyses.

Each considered alternative produces a hazard curve. Weights assigned to alternatives are critical. The
ensemble of the hazard curves is analyzed for uncertainty estimation. Statistics (quantiles) of the ensemble
characterize results and their uncertainty. Hazard curves are used to produce hazard and probability maps.

LeVeIS: Elicitation of experts Combination of STEPS from 1-3 Quantification of uncertainty
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Makran PTHA :: STEP 1 “Earthquake Model” :: BS

Arabian Journal of Geosciences (2018) 11: 435
https://doi.org/10.1007/512517-018-3797-7

ORIGINAL PAPER

Developing a seismic source model for the Arabian Plate

I. EFHussain" « Y. Al-Shijbi' - A. Deif2 - A. M. E. Mohamed"? - M. Ezzelarab 2

I5*E 40" E 45* E 50° E 55 E 80" E 65° E
N i i i i
N
40* N1 40* N
Table 1  Earthquake recurrence parameters for the delineated seismic sources. Italic font are the recurrence parameters for 1l
35° M4 that contains the delincated seismic sources (All Makran, All Zagros, All Gulf of Agaba-Dead Sea Fault, All Red Sea, All A
Zone No.  Zone Name Mmae 0 Mmse  Mwin Mmoobs ofp b ob /
All Makran 8.4 0.27 4 8.1 1.67 007 0.73 0.03
Zone 1 Makran East 8.4 0.1 4 8.1 157 014 068 006
30° M Zone 2 Makran Intraplate 7.8 0.3 4 73 149 016 065 006
Zone 3 Makran West 6.2 0.23 4 59 165 0.19 072 0.08
Zone 4 Jaz Murian 6.8 0.82 4 6.1 1.56 0.2 0.68  0.09
Zone 5 Zendan Fault 6.3 0.22 4 6.1 130 02 0.57 0.09
Zone 6 Jiroft Fault 6.0 0.14 4 58 .70 017 074 007
25° N Zone 7 Ali Abad 6.8 0.18 4 6.6 152 0.14 0.66 0.06
Zone § Gowk Fault 7.5 0.34 4 72 1.68 0.13 073 006
All Zagros 75 012 4 7.4 1.84 0.04 0.8 0.02
Zone 9 Arabian Gulf 6.2 0.26 4 6.1 1.74 016 076 007
Zone 10 Zagros Foredeep 6.8 0.21 4 6.7 183 0.11 079 005
20* N4 Zone 11 Zagros Simple Fold 6.9 0.21 4 6.8 182 0.07 079 003
Zone 12 High Zagros 7.6 0.24 4 74 175 0.1 0.76 0.04
Zone 13 Sabz Pushan Fault 6.3 0.34 4 6.1 169 019 073 008
Zone 14 Karebas Fault 5.8 0.46 4 54 181 022 078 009
Zone 15 Kazerun Fault 6.0 0.21 4 59 160 0.19 069 008
15° N Zone 16 Borazgan Fault 58 0.22 4 57 161 0.19 0.7 0.08
Zone 17 Dezful Embayment 6.8 0.12 4 6.7 1.86 0.1 081 0.04
Zone 18 Mesopotamia 6.5 0.3 4 6.4 215 0.18 093 0.08
Zone 19 MFF 6.4 0.22 4 6.3 159 015 069 006
0 150300 800 800 Zone 20 Khanagin Fault 73 0.32 4 72 176 016 076 007
10° N4 e — 1 Zone 21 Posht-E Kuh Arc 7.0 0.31 4 6.9 1.86 0.14 0381 0.06
Zone 22 Kirkuk Embayment 6.6 03 4 6.5 168 0.17 073 007
TEMPP 2025 35 E 40" E 45 E 50° E B5° E 60* E 65*E Zone 23 Abdelaziz-Sinjar 54 036 4 52 191 022 083 01
Zone 24 Bitilis 6.9 0.32 4 6.8 191 0.2 0.83  0.09
Zong 25 Karacadag Extension 6.9 0.31 4 6.8 172 023 075 0l
\ A. Babeyko: Roadmap from PTHA 1.0 to Consensus Model, NWIO unesco
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Makran PTHA :: STEP 1 “Earthquake Model” :: BS

Modeling of volume-distributed (ba
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Makran PTHA :: STEP 1 “Earthquake Model” :: BS

Modeling of Mmax, G-R parameters, focal mechanisms

Arabian plate zones:

- Mmax and G-R based on PSHA (EI-
Hussain et al.’2018)

- Focal mechanisms: PDF derived from
.comm)

West Indian zones (71-75):

- All parameters based on pers. comm.
S. Chopra
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Makran PTHA : STEP 1 .“Earthquake Model” :: PS
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Makran PTHA :: STEP 1 “Earthquake Model” :: BS

pe I Makran subduction M8.5

30 i pal . . . .
slip distribution examples
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Makran PTHA :: STEP 2 “Tsunami Modelling”

LAt

‘ Domain #2:
shallow basins,
_direct
source-to-target
modeling

Domain #1:
deep basin,
modeling with

Greens’ functions

B,

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
~ 2000 coastal Points-of-Interest

~ 40 000 pre-computed Green’s functions

to simulate =5 000 000 propagation scenarios

TEMPP 2025
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Makran PTHA :: STEP 2 “Tsunami Modelling”

Greens’ functions for the Arabian Sea

L

¢ ) \
Drsplacement (m) i} B 0 .
o 20 40 60
[km]
TEMPP 2025 Molinari et al (2016)
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Makran PTHA :: STEP 2 “Tsunami Modelling”

POI distribution

- Arabian Sea: 1110
- Persian Gulf: 11255
- Red Sea: 17407

TEMPP 2025
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Makran PTHA :: Ver 01

Only TWO alternative models up to now:

Model 1 Model 2
“optimistic” “pessimistic”
BS: as in PSHA

BS: Mnax+30
PS: segmented as in PSHA

PS. max—-J.
(Mmax=6.2 for West and 8.4 for East) S: unsegmented, Mmax=9.1

STEP2 & 3 — no alternatives

TEMPP 2025
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Maximum modeled wave heights (deterministic)

TEMPP 2025
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Maximum modeled wave heights (deterministic
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Maximum expected 2500 years wave height (probabilisti
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Maximum expected 2500 years wave height (probabilisti
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Probability of h>1 meter within next 50 years
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Probability of h>1 meter within next 50 years

TEMPP 2025

RAJESTHAN
]

T

Saudi Arabia

34 Dawezsi
=yt iy

L Crgug Basi e e
Maradn

Wild ife —
s Sanct ary Lt
s perlPg e — ===
[ e A e
S -
(ke d Haany Eraromn
2 Onupd-

prob.poi01
0-0,01
0,01-0,02
0,02-0,05
0,05-0,1
0,1-1

(TP

0e00CQCO

A. Babeyko: Roadmap from PTHA 1.0 to Consensus Model, NWIO esco

Inergermmmental

Comrinion

2



Looking at the Hazard curves

Arabian Sea
(all 111 POls)

Persian Gulf
(all 197 POIs)
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Makran PTHA :: STEP 2 “Tsunami Modelling”
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P 1 HA simulations on the
Dowoion Gyf

32 -
30
e 1 600
28 | 400
(200
26 |
0
24 L. -200

48

50 52 54 56

Persian Gulf region for which PTHA simulations were
carried out. The magenta dots show the POls

TEMPP 2025

C/

nele = 1737915
nnodes = 874620
Simulation time =12 hrs
Computational time = 1 min
Processors = 180

o T T
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Total

z10
z11
z12
z13
z14
z15
z16
z17
z18

240768
128160
338688
475200
10080
5760
2880
6336
105984
184320

1498176
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P 1 RA simulations on

After Cleaning

the Red Sea
30
I 2500
|
257 117 2000
2
11500
20t 3
1 1000
4
15 500 5
10 | | 0 6
30 35 40 -
Red Sea region for which PTHA simulations were
carried out. The magenta dots show the POls 8
nele = 2650346 9
nnodes = 1333616 Total

TEMPP 2025

Simulation time =12 hrs
Computational time = 2 min
Processors = 288

37
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784512
115200
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