
Tsunami Inundation Modelling and MAP
TIMM #:  Probabilistic Tsunami Hazard Assessment of the Indian 

Ocean
Result of PTHA for NWIO (UNESCAP Project)



What and Why PTHA ?
*PTHA stays for Probabilistic Tsunami Hazard Assessment

- 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?



NWIO – Makran Region
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PTHA – Workflow adopted for NWIO

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

PTHA following 
the methodology 
of
http://tsumaps-
neam.eu

http://tsumaps-neam.eu/
http://tsumaps-neam.eu/


PTHA – Methodology for NWIO

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



Makran PTHA :: STEP 1 “Earthquake Model” :: BS

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



Makran PTHA :: STEP 1 “Earthquake Model”

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



Makran PTHA :: STEP 1 “Earthquake Model” :: BS

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

Modeling of volume-distributed (background) seismicity

- centres of back-
ground seismicity
(distance ~25 km)



Makran PTHA :: STEP 1 “Earthquake Model” :: BS

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

Modeling of Mmax, G-R parameters, focal mechanisms
Arabian plate zones:

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

- Focal mechanisms: PDF derived from 
CMT compilation (A.Deif pers.comm)

West Indian zones (71-75):

- All parameters based on pers. comm.
S. Chopra



Makran PTHA :: STEP 1 “Earthquake Model” :: PS

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



Makran PTHA :: STEP 1 “Earthquake Model” :: BS

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

Makran subduction M8.5 
slip distribution examples



Makran PTHA :: STEP 2 “Tsunami Modelling”

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

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

Domain #1:
deep basin,
modeling with

Greens’ functions

Domain #2: 
shallow basins,
direct

source-to-target
modeling



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

Makran PTHA :: STEP 2 “Tsunami Modelling”
Greens’ functions for the Arabian Sea



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

Makran PTHA :: STEP 2 “Tsunami Modelling”

POI distribution

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



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

Only TWO alternative models up to now:

Makran PTHA :: Ver 01



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

Maximum modeled wave heights (deterministic)

Model1



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

Maximum modeled wave heights (deterministic)

Model2



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

Maximum expected 2500 years wave height (probabilistic

Model1



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

Maximum expected 2500 years wave height (probabilistic

Model2



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

Probability of h>1 meter within next 50 years

Model1



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

Probability of h>1 meter within next 50 years

Model2



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

Looking at the Hazard curves

Model1

Model2

Arabian Sea
(all 111 POIs)

Persian Gulf
(all 197 POIs)



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

Makran PTHA :: STEP 2 “Tsunami Modelling”
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PTHA simulations on the
Persian Gulf

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

nele = 1737915
nnodes = 874620 
Simulation time = 12 hrs 
Computational time = 1 min 
Processors = 180
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PTHA simulations on
the Red Sea

Red Sea region for which PTHA simulations were 
carried out. The magenta dots show the POIs

nele = 2650346
nnodes = 1333616 
Simulation time = 12 hrs 
Computational time = 2 min 
Processors = 288



Thank you
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