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1. ABSTRACT: the escalating susceptibility of Mediterranean coastal communities to tsunami threats

necessitates the implementation of comprehensive, data-informed solutions that connect coastal

modelling with effective risk reduction.  This work utilizes high-resolution numerical simulations

to assess the effects of tsunamis produced by various seismic return periods on Alexandria and

Eastern Mediterranean Sea. The study employs a scenario-based methodology to quantify essential

tsunami parameters, including wave height, flood extent, withdrawal amplitudes, and current

velocities, for earthquake magnitudes between Mw 7.15 and Mw 8.5.  The findings indicate a

nonlinear increase in hazard intensity with rising magnitude, resulting in extreme situations where

flood areas reach 114 km² and current speeds approach 20 m/s. These findings reveal possible

shortcomings in current planning frameworks that emphasize moderate return periods while

neglecting the catastrophic possibility of low-probability, high-impact occurrences. The study

advocates for a paradigm shift in coastal infrastructure development, asserting that design standards

and zoning rules must be adjusted to account for both probable situations and worst-case estimates.

Moreover, it promotes the incorporation of early warning indicators, such as substantial sea

withdrawals. The suggested techniques are not solely technical solutions but integral to a

comprehensive vision for safeguarding Alexandria from severe coastal threats.  This study

advances a novel approach to coastal risk management that is proactive, inclusive, and grounded on

scientific coastal principles.

2. INTRODUCTION

The development of coastal risk assessment and mitigation planning frameworks is rooted in 

empirical data and numerical studies of the historical tsunami impacts. The historical tsunami records 

including the 2004 Sumatra and 1755 Lisbon events serve as a critical validation data for numerical 

models and are helpful to inform the realistic scenario development [1], [2]. Goda et al. [3], as well as 

Goda and Song [4], demonstrate that probabilistic methods that use stochastic source models and Monte 

Carlo simulations allow a detailed quantification of the uncertainty in tsunami risk assessment. The 

result of these methodologies is not only the hazard maps that are produced but also the evacuation 

planning and the infrastructure vulnerability assessments that are carried out accordingly by considering 

the local topography, population density, and building characteristics [5], [6]. The compilation of 
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historical data and multidisciplinary approaches are necessary for the areas with fewer tsunami records, 

promoting the identification of possible sources and recurrence patterns [7]. Dilek et al. [8] demonstrate 

that Practical risk reduction can only be achieved with the contribution of scientists, policymakers, and 

communities to change the findings of research into real-life applications, for example in the form of 

mitigation strategies and emergency preparedness plans. 

Research into tsunami hazards in the Mediterranean has evolved alongside advances in numerical 

modelling capabilities, high-resolution geospatial datasets, and a more refined grasp of regional tectonic 

frameworks. Many coastal areas within this basin, such as Alexandria and southern Sicily, are exposed 

to a variety of potential tsunami sources. These can originate from seismic events linked to fault 

displacement, volcanic activity that generates atmospheric pressure waves capable of exciting long 

ocean waves, or submarine landslides whose dynamics can produce devastating run-up heights under 

certain conditions [9]–[28]. The complexity lies in the diversity of source mechanisms and their 

interaction with unique local bathymetric and topographic settings. This interplay shapes the 

propagation, refraction, and amplification patterns of tsunami waves before they reach the shore. 

Simulations allow researchers to capture wave morphologies over time and space, which can be essential 

for identifying sectors at heightened risk [13], [15], [17], [22], [27]–[56]. 

Although there are several studies that have studied the possible tsunami waves for Alexandria, 

Egypt, there is current gap for the numerical prediction of the potential tsunami wave heights and 

inundation zones for the coastal region for different return periods, such as 475-year, 2475-year, and 

4975-year of 10 %, 2 %, and 1% exceedance percentage in 50-year return period, respectively [9]–[26], 

[32], [57]. This study predicts numerically the potential tsunami wave heights and inundation zones for 

the coastal region of Alexandria, Egypt, following a numerical methodology for defined return periods, 

as illustrated in Figure 1.  

Figure 1: Numerical Methodology Flow Chart followed for the Study 

Hypothetical earthquake scenarios have been used to estimate that nearly 85,000 people (15.8% of 

Alexandria's total population) are in tsunami hazard zones [20], while Pagnoni et al. [22] calculate that 

there are more than 12,000 buildings might be affected with 150,000 residents living in vulnerable 

districts. 

 

2



gravity waves that act like them, having wavelengths from tens of kilometres to hundreds of kilometres 

and periods from a few minutes to more than an hour [9], [27], [29], [36], [58], [59]. In deep water, 

Tsunami waves have speeds approximated by Eq (1) [60], [61]: 

𝐶 =  √𝑔 ℎ 

where: h is water depth, and g is the gravitational acceleration 

(1) 

PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) methodology is 

adapted for research synthesis in the marine environment, as demonstrated by previous studies [62]–

[68]. Scopus dataset [69], [70] and MARLOG Conference dataset [71] have been selected to perform a 

schematic literature review. The criteria of the schematic literature review shall contain the define search 

terms in either the title, abstract or the keywords of the articles. Meanwhile, the exclusion criteria shall 

exclude the articles that have been published prior to 1990 to ensure that the latest research trend of the 

tsunami effect in Mediterranean Sea is well presented. Following the advanced search order of "TITLE-

ABS-KEY (tsunami OR tsunamis) AND (Mediterranean OR Alexandria)) AND PUBYEAR>1989", 

720 studies have matched the search criteria, and 42 studies have been investigated in detail.  

Figure 2 represents the yearly number of scientific articles published on the topic of tsunamis in the 

Mediterranean Sea from 1990 to 2025 according to a systematic literature review conducted based on 

the PRISMA method. The data reveal a propagating publication activity that only began in the early 

2000s, peaked in between the years 2016 and 2022 with records of exceeding 50 publications for the 

year. The trend line supports the notion of a strong association and emphasizes the nonlinear pattern of 

increase, with a peak followed by the slight reduction in the past years. This tendency indicates that the 

volume of research concerning Mediterranean tsunamis have markedly increased in the period of the 

last two decades mainly due to the growing environmental hazard awareness, progress in technology, 

and the inclusion of multiple disciplines, even though the recent decrease may indicate either maturing 

researches or the changes in academic priorities. 

Figure 2: The Quantities of Related Studies of Tsunami Waves for Alexandria, Egypt and/or Mediterranean Sea 

Region over the Last 35 Years 

Several articles predict the potential tsunami wave heights and inundation zones for the coastal region 

for different return periods [9]–[26], [32], [57]. Past tsunamis in the Mediterranean were proven with 

the combination of historical records and geological indicators found in coastal areas. Records linked 

with the seismic episodes were found on tectonic margins, the Hellenic Arc consists of West Hellenic 

Arc (WHA), East Hellenic Arc (EHA), and Cyprian Arc (CA), the shallow and large earthquakes, 

3. SYSTEMATIC LITERATURE REVIEW

Tsunami waves and inundated areas are the visible effects of interrelated geophysical processes,

starting from the source and propagating to the coastal impact. In their simplest state, tsunamis are long 
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repeatedly nearby Hellenic Arc, were reported have been the reason for the destructive ocean wave 

generated that affected the large coastal areas [10]. Hamouda [72] and Stiros [25] define that the major 

tsunami events in 365 CE and 1303 CE had greatly affected parts of Egypt. Historically, offshore 

stratigraphic profiles can reveal mixed layers of tsunamis, coarse-grained sand deposits which are 

sharply emplaced above finer marine sediments [58]. Moreover, Eckert et al. [11] demonstrated that to 

determine inundation areas accurately it is necessary to link hydrodynamic modelling with detailed 

topographic mapping. One common strategy is to overlay maximum simulated computed water surface 

elevations on high-resolution digital elevation models (DEMs) that contain human elements like 

seawalls, embankment, or footprints of the buildings [1], [7], [13], [15], [17], [22], [27]–[32], [34]–[56]. 

In addition, Laksono et al. [27] demonstrate that the 2D digital elevation models (DEMs) are gathered 

into detailed bathymetric data to be distributed for hydrodynamics simulation purposes in composite 

grid formats. Nevertheless, Badreldin et al [10] tried to integrate hazard assessment with exposure and 

evacuation analysis is on the rise. Tselentis et al. [50] and Rizzo et al. [73] demonstrate that there is a 

broad spectrum that goes from potential-driven evaluations which are based on the inclusion of several 

variables into a composite index to physics-based numerical solvers that solve nonlinear shallow water 

or Boussinesq equations for simulating long-wave phenomena. The utilization of advanced fluid 

dynamics codes is needed to have a precise comprehension of the small-scale processes or high 

bathymetric gradients. Nevertheless, these breakthroughs heavily depend on data quality; during the 

initial stages, the seabed mapping issues could be able to create big uncertainties on the flooded regions 

results.  

Abouelnasr and Elselmy [74] demonstrate that the extreme coastal events can be numerically simulated 

via DHI MIKE21 FM SW and HD modules. Such investigations highlighted the concurrent dangers; 

storm surges can complicate tsunami action if both are present at the same time. Modelling of the 

extreme events support in forecasting of different scenarios later in the changed climate [74]–[76]. 

Moreover, lessons drawn from past events around the Mediterranean region show very important things 

for future assessments, such as the 2021 Algerian offshore earthquake caused tsunami that arrived in 

Southern France within 70-80 minutes [41]. Tselentis et al. [50] highlight that the lack of data makes it 

hard to create high-resolution maps for various sites that could potentially generate tsunamis; 

discrepancies in model selection come about, which causes the variance in predicted results; the 

interaction between different hazards, like tsunami generated by seismic events and meteorological 

surges, remains poorly quantified, even though the interest on it is increasing. 

The conversion from seafloor deformation to surface displacement relies on vertical motion 

amplitude and spatial extent; uplift zones transfer positive anomalies to the free surface while subsidence 

introduces depressions. The two areas form the typical leading crest-trough pattern that can be found in 

most seismic tsunamis [77]. The seismic source mechanism is the one that has the most power in 

determining the form of waves initially. Normal and thrust faulting are some of the faulting geometries 

that usually generate broader vertical displacements than strike-slip ruptures of the same level because 

they have a greater vertical component of motion [27], [58]. Variations in rupture directionality 

complicate the radiated energy field, as well; synchronous faults are most likely to generate waves 

propagating perpendicularly from the fault plane, while the asynchronous movements can increase the 

oblique components that may actually take the energy to different places [27], [44], [58].  

The scenario-based risk modelling and vulnerability mapping based on the historical tsunami records 

and coastal geomorphological studies that inform directly Alexandria's tsunami preparedness and 

mitigation planning are provided as a data foundation [9]–[26], [32], [57]. The evidence base is 

extensive, covering tsunamis studies, historical studies, and various risk assessments. Salama et al. [23] 

are the ones that gave the main geomorphological evidence with the use of 5 trenches and 12 sediment 

cores, which they compare with the tsunami deposits from the three significant historical earthquakes 

(365 AD, 1303 AD, 1870 AD). Thus, their study contributes to the understanding of the recurrence of 
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the event in the area. This historical basis made it possible for different kinds of quantitative risk 

assessments. Although there are several studies that have studied the possible tsunami waves for 

Alexandria, Egypt, there is current gap for the numerical prediction of the potential tsunami wave 

heights and inundation zones for the coastal region for different return periods [9]–[26], [32], [57]. Table 

1 summarizes the main related previous studies that have discussed the related points of this study of 

numerical studies of tsunami generation in Mediterranean Sea and Alexandria, Egypt, Probabilistic 

Tsunami Hazard Assessment (PTHA), and tsunami flood and induction zones.  

Table 1.  Boundaries for Historical Records of earthquakes 

Numerical studies of 

Tsunami Generation in 

Mediterranean Sea 

Numerical studies of 

Tsunami Generation 

for Alexandria, Egypt 

 PTHA for 

Mediterranean Sea 

Tsunami Flood and 

Induction Zones 

Related 

Studies 
[22], [27], [34]–[37], 

[41], [43], [46], [47], 

[49]–[51], [55] 

[13], [15]–[19], [22], 

[25], [40], [78], [79] 
[3], [80]–[83] 

4], [7], [10], [11], [13], 

[15], [16], [20], [21], 

[26], [35], [36], [49], 

[65], [78]–[80] 

4. METHODOLOGY AND NUMERICAL MODELLING

4.1 Regional Seismicity and Extreme Value Analysis of Historical Earthquake 

Regional Seismicity define that there are 6194 earthquakes [84]–[87] have been recorded from 320 

AD till 2025 with Mw of 3.5 or higher for the eastern southern part of Mediterranean Sea, as defined in 

Table 2 and Figure 3.  

Table 2.  Boundaries for Historical Records of earthquakes 

Historical 

Records of 

earthquake 

Boundaries 

Grid Extend – 

Longitude Start 

Boundary (degree) 

Grid Extend – 

Longitude End 

Boundary (degree) 

Grid Extend – 

Latitude Start 

Boundary 

(degree) 

Grid Extend – 

Latitude End 

Boundary 

(degree) 

Grid 

Boundaries 
20 35 30 36 

Figure 3: Visualization of the Recorded 6194 Earthquakes Locations, from 320 AD till 2025 with Mw of 3.5 or 

Higher, for the Eastern Zone of Mediterranean Sea  
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The Defined dataset for extreme value analysis (EVA) are mainly gathered by United States 

Geological Survey (USGS) [84], [87] and European Archive of Historical Earthquake Data (AHEAD) 

[85], [86]. It is noticed that most of the Earthquakes are located at the Hellenic Arc system [10], [88], 

The Eastern Mediterranean is a highly seismically active region due to the complex interplay of the 

Anatolian, African, Arabian, and Eurasian plates. Faults are predominantly related to both strike-slip 

and thrust faulting, leading to both earthquakes and tsunamis [89]–[103]. It has major fault systems, 

such as the North Anatolian Fault Zone (NAFZ), East Anatolian Fault (EAF), Cyprus Arc, and 

Hellenic Subduction Zone [89]–[95].  Table 3 defines the earthquakes that have been recorded from 

320 AD till 2025 with Mw of 7.3 or higher for the eastern part of Mediterranean Sea. 

Table 3.  Historical Records of earthquakes from 320 AD till 2025 with Mw of 7.3 or higher for the eastern part 

of Mediterranean Sea [84], [87] 

Year Latitude 

(degree) 

Longitude 

(degree) 

Depth (km) Magnitude 

(Mw) 

Note 

365 35.06 24.94 8.30 Crete 

1222 34.70 32.60 7.50 Cyprus earthquake 

1903 35.40 23.30 7.00 Chania 

1903 35.72 25.80 8.0 8.26 Crete 

1903 35.20 25.45 10.0 8.50 Crete 

1904 35.50 23.30 1.0 7.50 Crete 

1904 35.02 25.72 29.0 7.13 Hierapetra 

1904 35.00 23.80 8.0 7.20 Heraklio 

1904 35.00 23.70 9.0 7.30 Crete 

1904 35.40 23.50 10.0 7.00 Heraklio 

1904 35.90 22.90 7.00 Crete 

1904 35.50 25.60 16.0 7.50 Heraklio 

1905 35.80 25.00 28.0 7.20 Heraklio 

1905 35.60 25.80 12.0 7.70 Heraklio 

1905 35.70 25.80 17.0 7.20 Heraklio 

1905 36.00 23.00 80.0 7.90 Southern Greece 

1905 35.64 27.16 15.0 7.30 NNW of Karpathos, Greece 

The MIKE software suite, created by the Danish Hydraulic Institute (DHI) [76], [104]–[106], 

includes Extreme Value Analysis module (EVA), is used in this study for the extreme value analysis of 

the earthquakes. EVA has been conducted for the value noticed to gather the expected magnitude value 

of earthquake characteristics of 475-year, 2475-year, and 4975-year of 10 %, 2 %, and 1% exceedance 

percentage in 50-year return period, respectively [75].  Log-Normal (Method of Moments) has been 

used for Extreme value Analysis [104], [105]. EVA results are accepted at a 0.06% level of significance. 

The hypothesis test is conducted by the module, and the null hypothesis was not rejected. Table 4 

indicates the statistical and fit results for the EVA of the earthquakes. Badreldin et al [10] defines the 

location of the extreme events, as shown in Figure 4. Figure 5 and Table 5 indicate expected magnitude 

value of earthquake characteristics of 475-year, 2475-year, and 4975-year of 10 %, 2 %, and 1% 

exceedance percentage in 50-year return period, respectively. 
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Table 4.  Historical Records of Earthquakes from 320 AD till 2025 with Mw of 7.3 or Higher for the Eastern 

Zone of Mediterranean Sea 

Parameter EVA Results 

L-moments (L-1) 3.780 

L-moments (L-2) 0.36 

L-moments (Skewness) 0.083 

L-moments (Kurtosis) 0.145 

Log-Normal (Method of Moments) - Location parameter (fixed) 1.00 

Log-Normal (Method of Moments) - Mean (log) 0.994 

Log-Normal (Method of Moments) - Standard deviation (log) 0.240 

Uncertainty calculation method Monte Carlo method 

Figure 4: Source Location of the Simulated Earthquake 

Figure 5: Bathymetry and DEM data for different coverage zones (a) Grid A Bathymetry Extend, (b) Grid B 

Bathymetry Extend, (c) Grid C Bathymetry Extend, (d) Grid A, Grid B and Grid C coverage 
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Table 5.  Historical Records of earthquakes from 320 AD till 2025 with Mw of 7.3 or higher for the eastern part 

of Mediterranean Sea 

Year 475-year (10

exceedance

percentage in 50-

year return period) 

2475-year (2 % 

exceedance 

percentage in 50-

year return period) 

4975-year return 

period event (1% 

exceedance 

percentage in 50-

year return period) 

Extreme recorded 

estimated event 

[10], [18], [19], 

[25], [40] 

Latitude (degree) 35.01 35.01 35.01 35.01 

Longitude (degree) 28.23 28.23 28.23 28.23 

Depth (km) 10 10 10 10 

Magnitude (Mw) 7.15 7.95 8.20 8.50 

Strike (degree) 250 250 250 250 

Dip (degree) 30 30 30 30 

Rake (degree) 90 90 90 90 

Length (km) 100 100 100 100 

Width (km) 10 47 47 47 

Slip (m) 2 5 14 39 

4.2 Bathymetry and Shoreline Data 

Bathymetry data [107]–[109], [31], [110] has been selected to cover 3 main grid areas with different, 

as defined in Table 6 and Figure 6. 

Table 6.  Grid Extension of the Bathymetry and Numerical Modelling Simulation 

GA with 

one-cut-point 

Grid Extend – 

Longitude Start 

Boundary 

(degree) 

Grid Extend – 

Longitude End 

Boundary 

(degree) 

Grid Extend – 

Latitude Start 

Boundary 

(degree) 

Grid Extend – 

Latitude End 

Boundary 

(degree) 

Source [107]–

[109], [31], 

[110] 

Cell size 

(degree) 

Total 

cells 

(degree) 

Grid A 20.000 36.500 30.000 40.000 GEBCO and 

relevant 

datasets 

0.0042 9504000 

Grid B 27.000 33.000 30.000 33.000 GEBCO and 

relevant 

datasets 

0.0042 1036800 

Grid C 28.800 30.200 30.750 31.750 SRTM15 and 

relevant 

datasets 

0.0042 80640 
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Figure 6:Regional Bathymetry and DEM data for different coverage zones (a) Grid A Bathymetry Extend, (b) 

Grid B Bathymetry Extend, (c) Grid C Bathymetry Extend, (d) Grid A, Grid B and Grid C coverage  
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4.3 Tsunami Simulation 

The first step of Tsunami Simulation using ComMIT (Community Model Interface for Tsunami) 

[111], [112] is the initialization of the simulation environment and the definition of the earthquake 

source which is responsible for generating the tsunami. Table 5 is used to define the seismic scenarios 

or to define variables of the custom source such as fault location, depth, magnitude (Mw), the 

distribution of slip, rake, and rupture dimensions. The given parameters are converted then by the Okada 

model, which gives the vertical displacement of the seafloor due to fault motion, into an initial sea level 

surface deformation. The initial condition set for the future calculations of water wave surface 

propagation is determined as the initial sea level surface deformation.  

ComMIT software has modeling limitations, such as the model dependence on nonlinear shallow 

water equations. Additionally, the accuracy of the model is dependent on either low-resolution grids or 

single Manning's roughness coefficients. The MOST ComMIT propagation model uses a numerical 

dispersion scheme and the non-linear shallow-water wave equations in spherical coordinates, as defined 

below in Eq (2) and Eq (3) [112], [113]. 

𝑔 𝐷𝛾 

𝑅 cos 𝜑
+ 𝑓𝑣 =  𝑢𝑡 +

𝑢 𝑢𝛾

𝑅 cos 𝜑
 +

𝑣 𝑢𝜑

𝑅 
+

𝑔 ℎ𝛾  

𝑅 cos 𝜑

𝑔 𝐷𝜑 

𝑅 
− 𝑓𝑢 =  𝑣𝑡 +

𝑢 𝑣𝛾

𝑅 cos 𝜑
 +

𝑣 𝑣𝜑

𝑅 
+

𝑔 ℎ𝜑 

𝑅 

(2) 

(3) 

Where:𝛾  is longitude, 𝜑 is latitude, ℎ is the amplitude, 𝐷  is the undisturbed water depth, 𝑢(𝛾,𝜑,𝑡)  is the

depth-averaged velocity in longitude, 𝑣(𝛾,𝜑,𝑡) is the depth-averaged velocity in latitude directions. 𝑔 is gravity

acceleration. 𝑓 is the Coriolis parameter. 𝑅 is the Earth radius. 

The second step that follows the source definition is the propagation of tsunami through the deep 

ocean. The ComMIT using the MOST (Method of Splitting Tsunami) [111], [112], [114] model replaces 

the set of shallow water nonlinear equations with the nested grid as where the bottom is changing 

spatially. The third stage revolves around simulating coastal inundation through high-resolution nested 

grids and topographic data. Bathymetry data [107]–[109], [31], [110] has been selected to cover 3 main 

grid areas with different, as defined in Table 6 and Figure 7. Calibration run of 13th May 2025 Crete 

earthquake has been conducted [115], Sea level station monitoring gauge, located at 29.8853 ° Long, 

31.2124 ° Lat is used for the model Calibration [116], as shown in Figure 7. Final step of tsunami 

simulation, defined in this study, presents the simulation of the 4 cases defined in Table 5 for a time 

span of 90 minute with a time step of 0.6 second for coastal zone of Alexandria, Egypt. 

Figure 7: Maximum Tsunami Wave Amplitude for Eastern Mediterranean Sea (a) Extreme recorded estimated 

event of Mw 8.5, (b) 4975-year  
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5. RESULTS

Each of the four earthquake scenarios, defined in Table 5, is simulated by ComMIT and DHI MIKE 

HD [104], [105], [111], [112], [114]. The regional output includes the following data: tsunami travel 

time (arrival time), maximum amplitude (tsunami height), flow depth, and current speed. 

Figure 8 presents the maximum tsunami amplitude, which refers to the peak height that seawater 

attains, and measured for the Eastern Mediterranean Sea with respect to Mean Sea Level (MSL) Datum. 

Observing the peak wave amplitude throughout the entire model run presents the maximum height for 

a given source at each position in the grid. During the entire run, the model captured maximum wave 

amplitudes at every grid point at 12-second intervals to create regional inundation maps. 

Figure 8: Maximum Tsunami Wave Amplitude for Eastern Mediterranean Sea (a) Extreme recorded estimated 

event of Mw 8.5, (b) 4975-year return period event of Mw 8.2, (c) 2475-year return period event of Mw 7.95, (d) 

475-year return period event of Mw 7.15

On the nested level of Alexandria, Egypt, Figure 9 and Table 7 shows the maximum tsunami height 

that seawater attains and measured with respect to Mean Sea Level (MSL) Datum. 
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Figure 9:Maximum Tsunami Wave Amplitude for Western Egypt (a) Extreme recorded estimated event of Mw 

8.5, (b) 4975-year return period event of Mw 8.2, (c) 2475-year return period event of Mw 7.95, (d) 475-year 

return period event of Mw 7.15 

Table 7.  Maximum Tsunami Wave Amplitude and Flooded Area for Alexandria, Egypt 

Event Return 

Period 

Maximum Tsunami 

Wave Amplitude 

(m) 

Longitude Location of 

Maximum Tsunami 

Wave Amplitude 

(degree) 

Latitude Location of 

Maximum Tsunami 

Wave Amplitude 

(degree) 

Maximum Flooded 

Area 

(Km) 

475-year event 1.56 30.019 31.291 2.88 

2475-year event 5.75 29.718 31.088 21.23 

4975-year event 15.01 29.999 31.273 57.42 

Extreme recorded 

estimated event 

[10], [18], [19], 

[25], [40] 

29.39 29.996 31.276 114.79 

Figure 10 and Figure 11 present the maximum withdrawal tsunami amplitude and measured with 

respect to MSL Datum for Eastern Mediterranean Sea and Alexandria, Egypt, respectively. Table 8 

present the current speed due to tsunami amplitude for Alexandria, Egypt. 
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Figure 10: Maximum Withdrawal Tsunami Wave Amplitude for Alexandria, Egypt (a) Extreme recorded 

estimated Event of Mw 8.5, (b) 4975-year return period event of Mw 8.2, (c) 2475-year return period event of 

Mw 7.95, (d) 475-year return period event of Mw 7.15 

Figure 11: Maximum Withdrawal Tsunami Wave Amplitude for Alexandria, Egypt (a) Extreme recorded 

estimated Event of Mw 8.5, (b) 4975-year return period event of Mw 8.2, (c) 2475-year return period event of 

Mw 7.95, (d) 475-year return period event of Mw 7.15 
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Table 8.  Maximum Withdrawal Tsunami Wave Amplitude for Alexandria, Egypt 

Event Return Period with 

Percentage of exceedance 

for 50-year design lifetime 

Maximum Withdrawal 

Tsunami Wave Amplitude 

for Alexandria, Egypt 

Longitude Location of 

Maximum Withdrawal 

Tsunami Wave Amplitude 

(degree) 

Latitude Location of 

Maximum Withdrawal 

Tsunami Wave Amplitude 

(degree) 

475-year (10 exceedance

percentage in 50-year

design lifetime) 

-1.36 30.059 31.322 

2475-year (2 % 

exceedance percentage in 

50- year design lifetime)

-3.33 29.877 31.209 

4975-year return period 

event (1% exceedance 

percentage in 50- year 

design lifetime) 

-6.52 30.003 31.287 

Extreme recorded 

estimated event [10], [18], 

[19], [25], [40] 

-12.60 30.036 31.338 

Figure 12 and Table 9 present the maximum current speed generated due to tsunami 

amplitude Alexandria, Egypt. 

Figure 12: Maximum Current Speed for Alexandria, Egypt (a) Extreme recorded estimated Event of Mw 8.5, (b) 

4975-year return period event of Mw 8.2, (c) 2475-year return period event of Mw 7.95, (d) 475-year return 

period event of Mw 7.15 
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Table 9.  Maximum Current Speed for Alexandria, Egypt 

Event Return Period with 

Percentage of exceedance 

for 50-year design lifetime 

Maximum Current Speed 

(m/s) 

Longitude Location of 

Maximum Current due to 

Tsunami Wave  

(degree) 

Latitude Location of 

Maximum Current due to 

Tsunami Wave 

(degree) 

475-year (10 exceedance

percentage in 50-year

design lifetime) 

2.86 
30.019 31.290 

2475-year (2 % 

exceedance percentage in 

50- year design lifetime)

7.67 30.019 31.290 

4975-year return period 

event (1% exceedance 

percentage in 50- year 

design lifetime) 

12.60 29.644 31.037 

Extreme recorded 

estimated event [10], [18], 

[19], [25], [40] 

20.14 29.861 31.191 

Figure 13 and Figure 14 illustrate time-series withdrawal tsunami wave amplitude for eastern side of 

Alexandria, located at 29.939 ° Long, 31.231 ° Lat, of the expected the water amplitude withdrawal of 

4975-year return period event.   

Figure 13: Maximum Tsunami Wave Amplitude and Withdrawal Tsunami Wave Amplitude for Centre 

Alexandria of 4975- year return period event 
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Figure 14: Withdrawal Tsunami Wave Amplitude, located at 29.939 ° Long, 31.231 ° Lat Alexandria, for 4975-

year return period event  

6. DISCUSSION 

The notable methodological upgrades and data assimilation advancements in tsunamis as hazards in 

Alexandria have been progressivity elaborated in the recent decades. One of the compelling aspects of 

these improvements is the transition to high-resolution maps of individual seismic and tsunami hazards, 

which for the first time have been produced as a collaboration for an urban scale model [10]. High-

resolution spatial details allow a more precise connection of the modelled hazard footprints to the actual 

urban morphology. The high-resolution outputs have direct application in intervention planning, coastal 

community sustainability, and multi-risk analyses [27]–[29], [36], [41], [45], [49]. Another advantage 

offered by some of the studies is the explicit pair-up of hazard modelling with assessments of 

vulnerability [11]–[13]. For instance, the identification of building fractions within the zones threatened 

by inundation under varied run-up scenarios can cede decision-makers with reliable metrics, including 

42.93% for a 5 m run-up scenario and 48.95% for a 9 m scenario, linked to spatially explicit building-

use data that highlight high-density residential exposure [13]. The mapping of tsunami risk zones that 

assimilate the previously mentioned hazard layers together with structural typologies is an example of 

the robust exchange of geophysical modelling and socio-economic impact evaluation [11], [12]. Another 

important advantage is the sustainable use of forward numerical simulations directed at potential seismic 

sources which are determined by regional seismotectonic no generic waveforms or transoceanic 

analogues [50].  

Running various genetic mechanism scenarios has been a way of capturing certain source 

configurations, like the ones that create up to 4m waves at the key tourist resorts that should be monitored 

closely. These focused modelling techniques are in line with best practices in other Mediterranean sub-

basins where source specificity has historically been the deciding factor in improving early warning 

parameters. Moreover, connecting the resilience assessment frameworks through modelled tsunamis not 

only reinforces the aspect of hazard mitigation beyond merely predicting flood extents; this strategic 

move allows understanding recovery potential under predetermined social and infrastructural conditions 

[13]. This results in matching technical modelling outcomes with the actual urban emergencies planning 

realities and adaptation requirements for the future. Things are double-sided, though, as there are 

persistent weaknesses that counterbalance the strengths. A typical hindrance is the lack of an integrated 
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planning framework that directly connects scientific outputs to the legislative or urban development 

processes [24]. Despite creating detailed vulnerability and risk maps as well as locating areas of high 

threat, several studies neglect to bind the conclusions within plan-in-force spatial planning indicators. 

This disconnection makes the use of advanced hazard analyses for proactive mitigation measures at the 

local municipal or governorate levels difficult. Besides, at times, the current attempts in hazard mapping 

have been of sectional nature; for example, as geophysical models are fine-tuned, institutional practices 

or coordination of preparedness strategies are still poorly developed in reference to the projected extent 

of future threats in Alexandria’s coastal areas which are overcrowded. Uncertainty quantification is yet 

another domain where the literature is dissimilar and uneven. In this regard, some of the authors of the 

papers have mentioned explicitly that models such as simplified empirical equations are only real 

partially, hence their accuracy is highly dependent upon the quality and resolution of the input data [11], 

while others have only cursorily discussed the epistemic uncertainties linked to tsunami source 

characterization or recurrence intervals. The latest regional probabilistic tsunami hazard analysis 

(PTHA) instruments underline the gaps such as un-completed source catalogues, and unresolved scaling 

relationships between the magnitude of earthquakes and the height of the waves produced [82], [83], 

[117], [118].  

In the Alexandria region, this might lead to the drawing of skewed hazard curves that could either 

overstate or understate the actual hazard due to the unrecorded incidences or the improperly 

characterized sources in the model priors. In the lack of sufficient calibration of the events, the previous 

studies result display many assumptions about local factors that remain with limited verification. In 

addition to this, the exposure assessments in some of the studies depend on building heights [27], [29], 

[45], [49]. Few Alexandria-specific studies have attempted joint scenario modelling. As a whole, the 

improvements in the spatial and socio-economic resolution, as well as in the specification of the sources, 

the exchange of social vulnerability among significant players are keys to Alexandria's tsunami hazard 

research [9]–[25]. 

The simulation work undertaken in this study is considered as a numerical assessment of the tsunami 

hazard for Alexandria, Egypt and the broader Eastern Mediterranean areas. The simulation results show 

that the ratio of different seismic return times to tsunami wave heights depends on the placing of 

earthquakes along the fault line. The data proves the data about the immense risk of the northern 

Egyptian coast being affected by significant flooding and deadly consequences due to rare, but major, 

offshore earthquakes. The constructive wave height, flooded area, and current speed with larger 

magnitude are significant coastal risks. 

At the regional level, Figure 5 summarizes the positive relationship between tsunami wave 

amplitudes and earthquake magnitude. With a 475-year event (Mw 7.15), the wave height equals 

roughly 1.56 meters. a Mw 8.5 extreme event, it increases to a staggering 29.39 meters, which is 18 

times the previous height, as noticed in Figure 13. 
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Figure 15: Maximum Tsunami Wave Amplitude and Withdrawal Tsunami Wave Amplitude for Alexandria of 

different year return period of earthquake events 

Focusing on coastal zone of Alexandria, Table 7 and Figure 9 demonstrate that the flood area of 

Alexandria varies widely—from as low as 2.88 km² in the 475-year scenario to a whopping 114.79 km² 

in the worst-case Mw 8.5 simulation. The observed transformation of the situation from a local danger 

to a state of disaster gives one food for thought if the current preventive installations are adequate. A 

sizeable segment of the Alexandria population residing in the lowland areas may face colossal effects 

even from the moderate-return period scenarios. Thus, it will be essential to view the incorporation of 

tsunami hazard as a design-level issue, rather than a speculative risk alone. 

The dynamic narrative is also powered by the captured withdrawal wave amplitudes that are 

expressed in Figures 10 to Figure 14. The waves that leave a withdrawal of water higher than -12.6 

meters (indicating the early stage of water withdrawal) are hazardous and thus, act as a precursor for an 

impending tsunami. Noteworthy, it results in leaving exposed ground in dangerous areas, and thus, 

exposes themselves to be at risk of death, due to the super high-order wave drawdown.   

In addition, the current speed profiles highlighted in Figure 12 and Table 9 once again bring out the 

underestimated magnitude of tsunami flows. For 475-year events, the current velocity can be as high as 

2.86 m/s, which can endanger both human health and structural integrity. In fact, the figure surges to a 

dizzying 20.14 m/s in the extreme condition, which is enough to obliterate any port infrastructure, and 

disrupt exit routes. The simulated situations paint not one but two pictures, a potential tsunami and a 

future. The variation is dramatic depending on the magnitude and recurrence interval of the primary 

event. Vulnerability of infrastructure, critical assets and buildings should be studied to define the 

vulnerable risk identification for 475-year, 2475-year, and 4975-year of 10 %, 2 %, and 1% exceedance 

percentage in 50-year return period, respectively. In addition, as the duration of traveling for the first 

wave is 34 minutes for 4975-year return period event, it is recommended to use an early warning for 

tsunami for Alexandria, Egypt. 
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7. CONCLUSIONS

The progress made on tsunami hazards in the Mediterranean Sea, particularly in the Alexandria 

coastal area, is a result of the elaborated-progressive usage of high-resolution numerical modelling, 

geospatial datasets, and improved tectonic frameworks. Mainly, tsunami sources are considered a part 

to seismic fault displacement, volcanic forcing, and submarine landslides produce a troublesome 

environment for accurate hazard characterization. 

Historical and geological evidence are necessary to interpret old tsunami events and to test models. 

These records are evidence for the Mediterranean tsunamis that have occurred sporadically over time 

yet with great intensity. The semi-enclosed basin shape of the Mediterranean, in addition to the varying 

coastline forms and bathymetric features, alters wave propagation, refraction, and amplification and thus 

differs from the open ocean tsunami. This yields to the fact that there will be different times for waves 

of other heights to reach the shore, which is a complication for early warning and evacuation planning. 

Theoretical perspectives that originate from the dynamics of shallow-water wave physics form a basis 

of the phylogenetic wave simulation itself, and the hydrodynamic simulations that accompany such 

waves display the processes involved in transferring waves from source to shore. The integration of 

socio-economic exposure data adds another layer to vulnerability assessments which is the identification 

of the critical infrastructure and the population that are at the highest risk during various temporal 

scenarios. 

The study is informative about the possible hazards that Alexandria and Eastern Mediterranean 

coastal zone may face. The study applies sophisticated numerical models to the research for the 

examination of tsunami effects during various seismic return periods and magnitudes from moderate 

(Mw 7.15) to extreme (Mw 8.2 and Mw 8.5) cases. The outcomes indicate an incremental growth of 

hazard intensity with the progress of earthquake magnitude. Initially, the height of the tsunami waves 

was only a little over 1.5 meters but with the rise of the magnitude to the highest point, it jumped to 

almost 30 meters. At the outset, Alexandria's footprint maybe deteriorated under tsunami events as the 

flooded area expanded from 2.88 km² to over 114 km². The negative amplitudes in the withdrawal wave, 

often the initial indicators of a tsunami's approach, attain a magnitude of -12.6 meters, while flow 

velocities escalate to 20.14 m/s in the most extreme instances, posing a significant hazard to life and 

coastal infrastructure. 

The results bring to fore the gap between the current preparedness levels and the expected potential 

of the hazards. The study urges a change to policy: disaster risk management should not just centre on 

probabilities but also on consequences and vulnerability. Zoning according to the scenarios, spatial 

development aligned with the extreme flow rates, and a broader public awareness campaign on early 

tsunami signals are some of the actions that should be performed without delay. It is recommended to 

develop a real-time forecasting system, which can do fast source invert and disseminate hazard, are all 

important directions for the way forward. The integration of detailed physical modelling with socio-

economic matters focused on governance will be the path where the vulnerable centres of Alexandria 

shall be well protected against tsunamis in the future. Specific tsunami impact to Alexandria's port 

operations and associated nearshore and offshore infrastructures are recommended for future search. 
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