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Abstract

Destructive tsunamis were reported in the Oman Sea after large earthquakes. The Northern Sultanate of Oman and United Arab
Emirates (UAE) were subjected to two confirmed tsunamis on 27 November 1945, caused by an Mw 8.1 earthquake in Makran
subduction zone, and on 24 September 2013 following the Mw 7.7 Baluchistan earthquake. In this study, deterministic and
probabilistic tsunami hazard assessments are performed for the coasts of Diba-Oman and Diba-UAE, which are located on the
western coast of the Oman Sea. The tsunami risk of these coasts increases due to the construction of many infrastructures and
urban concentration in these localities. The study focuses on earthquake-induced tsunamis, thus requiring the estimation of the
maximum credible earthquake. The generation area is the Makran subduction zone, which is divided herein into EMSZ (East
Makran subduction zone) and WMSZ (West Makran subduction zone). The maximum credible earthquakes of Mw 8.8 for the
EMSZ and Mw 7.2 for the WMSZ are utilized as specific scenarios for the deterministic approach. The Mw 8.8 EMSZ scenario
results in a maximum tsunami inundation distance of more than 300 m. Maximum inundation distance larger than 300 m occurs
due to the Mw 7.2 western MSZ scenario. For these scenarios, numerical simulations show a maximum flow depth exceeding
1.75 m. The probabilistic hazard assessment utilizes the logic tree approach to estimate the probability of exceedance 0f 0.25, 0.5,
0.75, and 1.0 m wave height in 100 and 500 years exposure times. This analysis indicates that the likelihood that a maximum
wave height exceeds 0.5 m ranges from 10 to 40% in 100 years and from 30 to 80% in 500 years.
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Responsible Editor: Longjun Dong Throughout history, severe tsunamis were responsible for con-
siderable loss of life and property worldwide. The major cause
of tsunamis is large submarine earthquakes, but landslides (sub-
marine and aerial), volcanic eruptions, atmospheric distur-
bances, meteorite impacts, and snow avalanches also account
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Fig. 1 Map showing the Diba-Oman and Diba-Al-Emirates coastal areas
along the Sea of Oman

UAE, posing a real threat on their coastal communities. Here,
the 27 November 1945 Oman Sea tsunami, caused by an Mw
8.1 earthquake off Makran coast of Pakistan, considerably
damaged the coasts Pakistan, India, and Iran, whereas lesser
tsunami impact was reported on the coast of Oman. Oman
may also be affected by far field tsunamis generated within
the Andaman Sumatra subduction zone (ASSZ) in the Indian
Ocean. This subduction zone was responsible for the
megathrust Mw 9.1 earthquake on 26 December 2004 that
caused a devastating transoceanic tsunami but with minor
damage reported in the southern coast of Oman (Okal et al.
2006). Despite the recognized threat posed by tsunamis of
tectonic origin on the coasts of Oman and UAE, quantitative
hazard assessments, involving high-resolution estimates of
tsunami metrics, are still lacking for most coastal sectors. In
this study, we target the 30-km-long coast hosting Diba-Oman
and Diba-UAE (Fig. 1) to conduct quantitative tsunami hazard
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assessment. Diba-Oman and Diba-UAE are located on the
west coast of Oman Sea, south of an important water entrance
passage named the Strait of Hurmuz (Fig. 1). While Diba-
Oman is a small coastal town with 5000 inhabitants and a
large natural harbor on the west coast of the Sea of Oman,
Diba-UAE is one of the largest towns in Al-Fujairah (one of
the seven emirates of the UAE) that contains several small
villages located between the mountains and the coast. Both
are young cities with active and ambitious development plans
of commercial ports, fishing ports, and leisure ports necessi-
tating tsunami hazard assessment for preparation and imple-
mentation of mitigation measures.

This study evaluates the tsunami hazard on Diba-Oman
and Diba-UAE coasts using both deterministic and probabi-
listic approaches. Tsunami hazard along the coast of Diba-
Oman and Diba-UAE is mainly due to the seismic activity at
the MSZ located circa 150 to 600 km towards east. Here, the
tsunamigenic source region that has the potential to affect the
study area is delineated based on historical earthquake re-
cords, tsunami data, and sea bathymetric data. For the deter-
ministic method, the source mechanism and characteristics of
the worst-case scenarios are evaluated based on the maximum
magnitude earthquake estimated by El-Hussain et al. (2016)
and Deif et al. (2020). The established source parameters are
then used to numerically model the tsunami caused by the
worst-case scenarios and to derive the potential inundation
and runup heights maps.

Tsunamigenic potential in the Oman Sea

Countries in the Sea of Oman, including Oman and UAE, are
threatened by tsunamis from two major seismogenic sources
in the Indian Ocean. These are the MSZ as the near field
tsunami source and the ASSZ as a far field tsunami source.
A survey of the tsunami history in the region indicates that at
least one confirmed tsunami from the MSZ struck the coasts
of Oman Sea in 1945 due to the great earthquake with moment
magnitude 8.1 occurred off Makran coast of Pakistan, about
100 km south of Karachi (Rashidi et al. 2020a, b). The earth-
quake generated a very destructive tsunami, which is reported
to affect Pakistan, the western coast of India, Iran, UAE, and
Oman, killing hundreds of people and causing great destruc-
tion. A maximum runup height of 13 m is reported in Pakistan
(Pendse 1946; Mokhtari et al. 2008). The tsunami was ob-
served in Muscat, but no details of damage were documented.
Another minor tsunami was recorded in several tide stations
along the northeast coast of Oman following the 24 September
2013 Baluchistan earthquake of magnitude 7.7 in Pakistan
100 km north of Makran coast (Baptista et al. 2014, 2020).
From the ASSZ, the Indian Ocean 2004 horrific tsunami
reached the eastern coasts of the Oman affecting the southern
part of the coast (Okal et al. 2006). This fact suggests that the
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primary tsunami threat to study area (Diba-Oman and Diba-
UAE) is from the MSZ as the far field from the ASSZ gener-
ates modest tsunamis along this part of the coast.

The tectonic of the Oman Sea is constrained by the relative
motion between the Arabian, Eurasian, and India plates (Fig.
2). The Arabian Plate subducts under the Eurasian Plate at a
rate close to 2 cm/year. The relative motion between India and
Arabian Plates along the Owen strike slip boundary reaches 3.7
mm/year (Vernant et al. 2004). The MSZ is more than 800 km
long north dipping thrust tectonic feature, where this part of the
Arabian Plate subducts beneath the Iranian and Pakistani seg-
ments of the Eurasian Plate (Fig. 2a). Its low seismicity shows
significant variation between its eastern and western segments.
The large variation in seismic activities between the eastern and
western parts of MSZ, along with the rupture history variations
(Minshull et al. 1992; Musson 2009) and other geological ob-
servations, led to the belief that the eastern part is completely
separate from the Western Makran. This explains why most of
the seismic activity occurs in the eastern part of the zone, and
the western part is apparently quiet. The eastern Makran (see
Fig. 2b) has been ruptured by large earthquakes and is the
location of the 28 November 1945 large earthquake of 8.1
magnitude (El-Hussain et al. 2017). This segment is still active
but experiencing low seismic activity at present time. The lack
of large tectonic earthquakes in Western Makran implies either
that aseismic subduction takes place or that the plate boundary

52 54 56" 58 ©0" 6 o L

Fig. 2 a The tectonic of the Sea of Oman showing the relative motion
between the Arabian, Eurasian, and India plates. b Ruptured area of
strong earthquakes in Makran based on Byme et al. (1992) and Zarifi

is currently locked and great earthquakes with long repeat times
are expected. Bayer et al. (2006) argued that the absence of
large earthquakes in the Western Makran can be explained by
the fact that this area is marked by a great amount of unconsol-
idated and water saturated deposits, which may result in a low
frictional coefficient, as the weak sediments lubricate relative
plate movement so as to constrain seismicity. Thus, the sub-
duction could be near aseismic. Additionally, George Pararas-
Carayannis (2006) indicated that the western segment of MSZ
shows much more fracturing, indicating that earthquakes
would be expected to be smaller-magnitude events (< 7) and
to have shorter ruptures (< 100 km) along sub-segments (in
coincident with the scenarios of the current study).

Methods and model setup

Deterministic and probabilistic tsunami hazard
assessment

Existing tsunami hazard assessment methods include the de-
terministic tsunami hazard assessment (DTHA) and the prob-
abilistic tsunami hazard assessment (PTHA). The DTHA em-
ploys particular source scenarios (i.e., maximum credible or
worst-case scenario) to numerically predict and map selected
hazard metrics (e.g., maximum wave height, flow depth,

(2006). AR Arabian Plate, IN Indian Plate, EU Eurasian Plate, SF" Sonne
Fault, defining a small microplate, called Ormara microplate by
Kukowski et al. (2000)
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current velocity). The PTHA, on the other hand, determines
the likelihood of exceeding a specific tsunami hazard intensity
(e.g., wave height, runup height) at a particular location within
a given time period by integrating the modeled hazard from all
possible events (Geist and Parsons 2006; Grezio et al. 2017).
Although the DTHA is considered simple to conduct and pro-
vides easily interpreted results, it is very sensitive to the selec-
tion of the source scenario (Geist and Lynett 2014). In com-
parison to the DTHA, PTHA is relatively complex and com-
putationally demanding. The complexity of the PTHA relies
on the treatment of uncertainties that often leads to generate a
large number of possible events.

In the DTHA, the earthquake scenarios able to cause the
worst tsunami impact on Diba-Oman and Diba-UAE coasts
are defined. Based on available seismic information, the def-
inition of the tsunamigenic scenarios consists of determining
the earthquake fault parameters necessary to simulate the en-
suing tsunami and then numerically modeled the tsunami gen-
eration and propagation towards the target coast. Finally, the
DTHA results are presented for each individual scenario in
terms of tsunami travel time, maximum wave heights, and
inundation maps.

In the PTHA, the event-tree developed by Omira et al.
(2016a) and applied for the coast of Oman in El-Hussain
et al. (2016) and El-Hussain et al. (2018) is used. The event-
tree incorporates the following nodes: (i) tsunamigenic source
zones definition within the MSZ; (ii) database of the earth-
quake scenario generated within each source zone; (iii) deter-
mination of the earthquake recurrence rate; (iv) simulation of
the tsunami, associated to each defined scenario, from the
source to the target coast; and (v) deriving the tsunami prob-
ability of exceedance using statistical methods. The PTHA
results are presented as hazard maps expressing the probabil-
ity of exceeding maximum wave heights/flow depths of 0.05,
0.25, 0.5, and 1.0 m for exposure times of 100 and 500 years.

Model setup
Tsunami scenarios

For the DTHA, the source mechanism and characteristics
of the worst-case scenarios are evaluated based on the

Fig. 3 DEM showing bathymetry and topography grid with four nested P
grid levels used for Diba tsunami simulation with grid spacing of 1250m,
250m, 50m, and 10m, respectively

maximum magnitude earthquake estimated by El-
Hussain et al. (2016) and Deif et al. (2020) and on the
available historical earthquake records, tsunami data, and
sea bathymetric data. Two maximum credible earthquakes
of Mw 8.8 for the east and Mw 7.2 for the west MSZ,
with several hundred years catalog duration and active
tectonic elements in the region (Deif and El Hussain
2012; El-Hussain et al. 2018), are considered the worst-
case tsunami scenarios for the study area. Additionally,
the tsunami impact from the Mw 8.1 earthquake scenario
representing the historical 1945 event is also determined.
Table 1 summarizes the earthquake fault parameters for
the considered tsunamigenic scenarios.

For the PTHA, we generate a database of 400 earth-
quake scenarios able to cause tsunamis that reach/impact
the study coasts of Diba-Oman and Diba-UAE. The
PTHA scenario database includes earthquake magnitudes
ranging from Mw 6.5 to Mw 8.8, with a regular interval
of 0.1 between individual magnitudes. The minimum and
maximum earthquake magnitudes are, respectively, set to
Mw 6.5 and Mw 8.8 for the eastern MSZ and to Mw 6.5
and Mw 7.2 for the western MSZ. The recurrence rate of
each individual magnitude is calculated using two
different seismic probability models, Molnar (1979) and
Deif and El Hussain (2012), based on moment rate. For
each individual magnitude, we associate a typical fault
that we let float along the fault trace to cover the uncer-
tainty on the earthquake location (Omira et al. 2015,
2016a; El-Hussain et al. 2016, 2018).

Digital elevation models

Tsunami numerical simulation needs high-quality digital
elevation model (DEM). The DEM is a major controlling
factor in tsunami simulation. Figure 3 shows the DEM
used here and the computational grids. Four nested grids
with a refinement factor of five were used, with the grid
resolution varying from 1250 m in the source region to 10
m in the Diba area. For deep ocean tsunami simulation,

Table 1 Makran subduction zone tsunamigenic earthquake scenarios

Scenario  Mw  Location® Length (km)  Width (km)  Slip(m) Dip(°)  Rake(°)  Strike (°)
Latitude (°N) Longitude (°E)

WMSZ 72 24.53 58.21 62 25 1.7 7 90 281

EMSZ 8.8 24.66 65.50 461 110 11 7 90 263

HMSZ 8.1 25.17 64.98 150 70 6.6 7 90 246

#The southeast corner of the fault plane
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GEBCO 15 second arc resolution gridded data were used
to prepare the outermost grids. Digitization of local ba-
thymetry map obtained from the Omani National Survey
Authority (NSA) was performed to generate a near-shore
bathymetry with 30m resolution. The fusion of high-
resolution depth and height data requires a common def-
inition for the vertical reference surface. The zero-
elevation contour line was created from digitizing the
shoreline using Google Earth Pro and is used as the
boundary for land-sea transition. For the innermost grid,
a local topography data of 5 m resolution obtained from
NSA and 30 m resolution NASA Shuttle Radar
Topography Mission (SRTM) was combined with the lo-
cal bathymetry and GEBCO data to produce a uniform
bathymetric and topographic dataset with a spatial resolu-
tion of 10 m through interpolation. Data gaps between the
bathymetry and topography were interpolated and com-
pleted up with data from nautical charts. All combined
datasets were transformed to the same reference system
considering that the vertical datum is the Mean Sea
Level (MSL) and WGS84 geographic coordinate system
map projection.

Tsunami numerical model and PTHA framework

Numerical simulations are performed for tsunami genera-
tion, propagation, and coastal inundation for both DTHA
and PTHA scenarios. The formation of the tsunami is
computed using the half-space elastic theory (Okada
1985) and assuming that the earthquake rupture is sup-
posed instantaneous and the vertical sea bottom displace-
ment mimics is the free ocean surface deformation.
Simulations of tsunami propagation and inundation are
conducted over the nested grid system developed for this
study (Fig. 3) and using the benchmarked numerical code
NSWING (non-linear shallow water model with nested
grids) (Miranda et al. 2014). NSWING code solves shal-
low water equations using an explicit staggered leap-frog
finite differences numerical scheme for linear terms and
an upwind scheme for the non-linear terms. NSWING
was used to simulate the tsunami in various regions of
the globe (Omira et al. 2016b; Baptista et al. 2017).

The PTHA framework allowing to establish, the multi-
source joint probability that a tsunami metric (wave height/
flow depth) exceeds a threshold at a given exposure time,
considers the sources as independent (as in the Poisson distri-
bution). This process enables calculating the time-
independent probability that tsunami hazard intensity will be
exceeded following an earthquake scenario (Omira et al.
2015, 2016a). Previous works (Omira et al. 2015, 2016a; El-
Hussain et al. 2016) provide a detailed description of the
PTHA framework used here.

@ Springer

Results
Deterministic tsunami hazard

Numerical simulations of the tsunami propagation from the
source area to the target coast with onshore propagation
(inundation) are conducted. Here, the mean high-high water
(MHHW) was considered in the simulation so that 0.8 1m was
added to the DEM for DTHA simulations. The outputs of this
assessment are maps of tsunami travel time (Fig. 4a), maxi-
mum wave height and flow depths and inundation distances
(Fig. 4b and c). Both wave height and flow depth refer to the
sea surface elevation offshore above the mean sea level and
inland above the ground level, respectively. Inundation dis-
tance presents the inland tsunami penetration horizontal dis-
tance calculated between the coastline and the flood limit.
Figure 4a depicts contours representing the tsunami travel
times (TTT) in hours, estimated using bathymetric coarse grid
of 30 s arc resolution, arriving at Diba coasts in 84 minutes
following the occurrence of Mw 8.8 earthquake event in
Eastern MSZ. Figure 4b and c are the tsunami hazard maps
showing the maximum inundation distances of 220 and 305 m
and the maximum flow depths of 1.50 and 1.90 m for Diba
area when tsunami occurs during mean sea level and MHHW,
respectively, due to the Mw 8.8 scenario from Eastern MSZ.
Runup heights, vertical heights above the sea level of the
onshore point reached by the tsunami, are obtained as 1.20
and 2.80 m during mean sea level and MHHW, respectively,
when crossing the inundation limits with the coastal topogra-
phy. The TTT to Diba coast is about 45 min following the
occurrence of Mw 7.2 in West MSZ scenario (Fig. 5a). The
west MSZ scenario generates 128 and 305m inundation dis-
tances, 1.6 and 1.8m flow depths, and 1.25 and 2.3 m runup
heights in Diba area when the tsunami occurs during mean sea
level and MHHW, respectively (Fig. 5b and c).

Figure 6a is a regional map showing maximum wave
height and a TTT of 108 min arriving to Diba coasts following
the occurrence of historic Mw 8.1 earthquake event in 1945 in
Eastern MSZ. Figure 6b is the tsunami hazard map showing
the maximum inundation distance of 70 m, the maximum flow
depth of 0.4m, and allowing to extract a runup height of 0.2 m
for Diba coasts, due to the Mw 8.1 historic earthquake in
Eastern MSZ.

Figure 7 shows the inundation area for the worst-case sce-
narios for EMSZ and WMSZ for MHHW conditions. We
notice that for both scenarios, the obtained tsunami inundation
area is comparable as flood limits (red and blue contours in
Fig. 7) almost coincide. The green circles show the worship
places, and pink squares the schools in the area. For the sce-
narios studied here, it appears that most of these structures are
out of the inundation zone. Nevertheless, in the event of an
offshore earthquake of magnitude greater than 7, evacuations
and preparedness plans are still needed for these coastal cities.
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Probabilistic tsunami hazard

PTHA along Diba coast concerns the determination of the
probability that maximum tsunami wave heights/flow depths
0f 0.05, 0.25, 0.5, and 1.0 m are exceeded during given expo-
sure times of 100 and 500 years.

Figure 8 depicts the exceedance likelihood of a maximum
tsunami wave height/flow depth of 0.05 m (Fig. 8a), 0.25 m
(Fig. 8b), 0.5 m (Fig. 8c), and 1.0 m (Fig. 8d) along the coast
of Diba for an exposure time of 100 years. The 100-year
PTHA results clearly show that MSZ earthquakes pose an
overall low-to-moderate tsunami hazard on the Diba coast.
Here, although the probability that a maximum tsunami wave
height/flow depth exceeds 0.05 m is high (90-100%, Fig. 8a),
it significantly decreases to 40-80% for the threshold of 0.25
m (Fig. 8b), to 10-40% for the threshold of 0.5 m (Fig. 8c),
and to 0-10% for the threshold of 1.0 m (Fig. 8d).

As expected, the tsunami hazard on Diba coast increases
with the increase of the average return period (i.e., 500-year in
Fig. 9). The 500-year PTHA maps show probability of ex-
ceedance of 100% along the entire coast of Diba for 0.05 m

@ Springer

wave height (Fig. 9a). This probability ranges from 70 to
100% and from 30 to 80% for maximum wave height thresh-
olds of 0.25 m and 0.5 m, respectively (Fig. 9b and c). This
probability ranges from 0 to 10% for maximum wave height
thresholds of 1.0 m (Fig. 9d).

Discussion
Methodology limitations

This study uses the state-of-the-art method for the DTHA and
a logic-tree method for the PTHA for specific coastal sites of
the Oman Sea. Both methodologies adopted here have the
advantage of being easily applicable to any coastal area when-
ever high-resolution DEM is available. However, DTHA can
suffer important limitations due to its sensitivity to selection of
the source scenario (Geist and Lynett 2014). Therefore, in our
study, it is worth mentioning that the DTHA results for Diba
have inherent limitations coming from the geological un-
knowns and uncertainties on earthquake source parameters,
in addition to others from the quality of the baseline data.

PTHA, on the other hand, includes treatment of uncertain-
ty. In general, there are two categories of PTHA uncertainties:
aleatoric referring to the random nature of tsunami generation
and its effects and epistemic related to the insufficient knowl-
edge on data and modeling accuracy (Annaka et al. 2007).
PTHA for Diba coasts considers only the aleatoric uncertainty
on the source location by letting the earthquake rupture float
along the fault trace to generate multiple scenarios. This ap-
proach is valid in regions where the tsunamigenic source zone
is well constrained (i.e., Makran subduction zone) (Omira
et al. 2015). In complex seismogenic regions, other ap-
proaches such as the Monte Carlo are more suitable to treat
the uncertainty on the source location (Geist and Parsons
20006). Epistemic uncertainties, such as those related to the
tsunami modeling and accuracy of the DEM data, were not
considered in the PTHA for Diba coasts. This fact presents an
additional limitation of this study.

Tsunami hazard on Diba coast

Tsunami hazard along the coasts of Diba-Oman and Diba-
UAE can be considered moderate as shown by both DTHA
and PTHA results of this study. It is mainly dominated by
large earthquakes (Mw>8.0) occurring in the eastern MSZ.
The geographical location of the study area, within the west-
ern coast on Oman Sea near the Hormuz Strait, also plays a
protective role as most of tsunami energy from events on the
eastern MSZ is steered towards Pakistan and the eastern coasts
of Oman Sea. The threat posed by events of the closer western
MSZ is comparable to the one from the farther eastern MSZ.
This is because we consider that the eastern MSZ has the
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Fig. 8 100-year PTHA on the
coast of Diba. Probability that a
maximum wave height/flow
depth: a exceeds 0.05 m, b ex-
ceeds 0.25 m, ¢ exceeds 0.5 m,
and d exceeds 1.0 m along the
coast of Diba for an exposure time
of 100 years

56.28° 56.31°  56.34

56.37 56.28° 56.31° 56.3¢"  56.37

potential of generating a Mw 8.8 earthquake, while the worst-
case scenario at the western MSZ has a Mw 7.2.

The PTHA results presented here expand and complement
the previous work by El-Hussain et al. (2016) that evaluates
the regional PTHA along the entire coast of Oman.
Considering together the results of this study and those of
El-Hussain et al. (2016), the northern coast of Oman, where

56.34°

56.28"

56.25° 56.37

100-year probability of exceedance

01 02 03 04 05 06 07

0.8 09 1.0

Diba is located, is less hazardous than the northeastern coasts
(Muscat and Sur).

The comparison of DTHA and PTHA results evidences
that the deterministic analysis leads to higher tsunami impact
at Diba coasts. This difference can result from considering for
DTHA the largest possible earthquake to occur without con-
sidering its recurrence interval as for PTHA. In addition, the

@ Springer
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Fig. 9 500-year PTHA on the

coast of Diba. Probability that a
maximum wave height/flow
depth: a exceeds 0.05 m, b ex-
ceeds 0.25 m, ¢ exceeds 0.5 m,
and d exceeds 1.0 m along the
coast of Diba for an exposure time
of 500 years

56.25° 56.28" 56.3 56.34°

56.37° 56.31° 56.34° 56.37°

ST

56.34°

i

56.37" 56.28" 56.31° 56.37"

500-year probability of exceedance

01 02 03 04 05 06 0.7 08 09 1.0

MHHW tidal condition is considered in the DTHA, while
uncertainty on tidal stage is not treated in the PTHA.
Despite this limitation in our PTHA, the conducted probabi-
listic analysis remains more complete as it takes in consider-
ation the contribution of large and small possible events. For
delimitation of evacuation zones, the scenario MHHW should
be considered.

@ Springer

Conclusions

Tsunami hazard on Diba coasts is evaluated using both deter-
ministic and probabilistic methods. The study focusses on
near-field tsunamigenic potential from the earthquakes gener-
ated at the MSZ. Both DTHA and PTHA are performed using
a benchmarked shallow water numerical code and a high-
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resolution digital elevation model of a 30-km long coastal area
of Oman Sea hosting Diba-Oman and Diba-UAE. DTHA re-
sults are presented in terms of maximum wave heights and
inundation maps for two worst-case scenarios and one historic
case scenario. PTHA results express 100- and 500-year expo-
sure times exceedance probabilities for the hazard intensities
(i.e., wave height and flow depth) of 0.05, 0.25, 0.5, and 1.0
m. The main findings of this study are:

1. The worst-case scenario (Mw8.8 earthquake in the eastern
MSZ with MHHW condition) causes a maximum flow
depth of 1.90 m and a runup height of 2.80 m at Diba
coasts.

2. The worst-case scenario from the western MSZ (Mw7.2
earthquake with MHHW condition) generates lower im-
pact on Diba coast, with tsunami runup height in the range
of 2.3 m.

3. The 1945 historical scenario produces insignificant tsuna-
mi impact on Diba coasts, with runup height of 0.2m.

4. 1In 100 years, exposure time, the probability that a maxi-
mum wave height/flow depth exceeds 0.5 m along the
coasts of Diba ranges from 10 to 40%.

5. For an average return period of 500 years, the likelihood
that a maximum wave height/flow depth exceeds 0.5 m
along the coasts of Diba ranges from 30 to 80%.
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