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Резюме. Изследването е фокусирано върху моделирането на вълни цунами в Егейско море, предизвикани от силното зе-
метресение (Mw=6,6) на 20 юли 2017 г., в близост до остров Кос. Този гръцки остров е разположен само на 4 km от турското 
крайбрежие и от гр. Бодрум, който претърпя значителни загуби вследствие на вълните цунами. Симулациите са извършени 
използвайки числения код UBO-TSUFD, разработен в Университета в Болоня, Италия. Получено е първоначалното отместване 
по сеизмичния източник, за да се моделира разпространението на предизвиканите вълни цунами. Получени са максималното 
поле на амплитудата на вълната, въздействието по бреговете на гр. Бодрум и о-в Кос, както и синтетичните мареограми в някои 
точки. Моделираните максимални амплитуди на морското ниво, изчислени за един от тестваните фокални механизми, съвпадат 
сравнително добре с инструментално записаната вълна цунами от мареограф, разположен близо до гр. Бодрум.

Ключови думи: цунами, сеизмичен източник, числено моделиране, Егейско море.

Abstract. This study is focused on the modelling of tsunami waves in the Aegean Sea, generated by the strong earthquake (Mw=6.6) 
occurred on July 20, 2017, near the Kos Island. This Greek Island is located only 4 km from the Turkish coastline and the town of Bodrum, 
that suffered considerable damages as a result of the tsunami. The simulations are performed using the numerical code UBO-TSUFD, 
developed at the University of Bologna, Italy. The initial displacement of the seismic source is obtained to model the propagation of the 
induced tsunami waves. Maximum water elevation field, the impact on the coasts of Bodrum town and Kos Island, as well as synthetic 
mareograms in several points are computed. The modelled maximum amplitudes of the sea level, calculated for one of the tested focal 
mechanisms, fairly well coincide with the instrumentally recorded tsunami by mareograph, located near Bodrum town.

Keywords: tsunami, seismic sources, numerical modelling, Aegean Sea.

Introduction

In the Eastern Mediterranean region, including Aegean 
Sea, numerous significant historical and nowadays 
tsunami have been reported, mainly caused by earth-
quakes. Only few of them have been registered in-
strumentally and partucularly one of them is the big 
earthquake occurred near Kos Island on July 20, 2017. 
Earthquake evaluation and tsunami modelling scenari-
os as a result of such events lead to better understand-
ing of the phenomena. In order to generate a tsunami, 
earthquakes should mainly follow a few conditions: a) 
large magnitude; b) shallow focal depth and c) signifi-
cant vertical component of the fault focal mechanism.

This study tested several focal mechanisms, re-
ported by different seismic data centers, in order to 
obtain maximum matching between observations and 
modelled tsunami. The obtained results improved the 
database of the processed simulations for this region 
and contributed to drawing up of a tsunami hazard 
map of the region.

Tectonic settings and seismicity

The region of the Aegean Sea is very complex. It in-
cludes the North Anatolian Fault (NAF), Cefalonia 
Fault and Hellenic Arc (West Arc and East Arc). 
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Historical earthquake data show that the main regime 
of deformations for this region is normal faulting with 
N-S direction, but also a subduction zone and its thrust 
faults presented by the Hellenic Arc where the African 
Plate submerged beneath the Aegean microplate. 
However, some strike-slip tectonics are also expected 
in this region not only because of the interaction of 
the Aegean microplate with the subsiding Nubia Plate, 
but also in the Anatolian Block, where the right-lateral 
North Anatolian Fault occurs (Ganas, Parsons, 2009).

The depth of the earthquakes varies between 0–70 km. 
Many historical events of tsunami waves are docu-

mented for this area, some of them caused by under-
water earthquakes, whereas others remain with uncer-
tain origin. The volcanic activity must not be neglect-
ed, since there is a volcanic arc crossing the region, 
as well as the Minoan eruption of Santorini Volcano 
around 1600 B.C., that caused a 30 m high tsunami. 
More than 4500 earthquakes with magnitudes equal to 
or larger than 4.5 have been occurred in the area since 
the beginning of XX century (Fig. 1). In our previous 
work (Dimova, Raykova, 2016), the studied area was 
considered as a tsunamigenic zone in the region of the 
Eastern Mediterranean. 

Fig. 1. Seismicity in the Aegean region (1900–2017) for earthquakes with Mw>4.5
Data from ISC on-line bulletin (ISC, 2014).

Фиг. 1. Сеизмичност в Егейския регион (1900–2017) за земетресения с Mw>4,5
Данни от бюлетина на ISC (ISC, 2014).
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Theory and methodology

The performed computations are based on two main 
considerations: a) the initial conditions are calculated 
by the analytical formulas of Okada (1985, 1992) as 
displacement due to an elastic dislocation, thus we 
computed the co-seismic deformation, as a function 
of the fault geometry and the ground elastic param-
eters, and b) the propagation of a tsunami is obtained 
using the numerical code UBO-TSUFD, developed at 
the University of Bologna (Tinti, Tonini, 2013), based 
on the non-linear shallow water theory in a Cartesian 
frame. The code uses a staggered grid utilizing an ex-
plicit leapfrog finite-difference method. The used grid 

has cells with resolution 500×500 m, and applied time 
step for every cell is 1.5 s. The total number of nodes 
is 2803401. The topography and bathymetry data 
are taken from the General Bathymetric Chart of the 
Oceans (GEBCO, 2014). The location of the epicenter 
of the studied earthquake is shown in Figure 2.

The event

This strong earthquake (Mw=6.6) occurred on July 
20, 2017 (22:31 UTC) and caused severe damages in 
Bodrum Peninsula and Kos Island. The fault mecha-
nism is estimated as normal faulting striking roughly 

Fig. 2. Bathymetry map of the region of Aegean Sea
Data from GEBCO (2014). The star denotes the epicenter of the studied earthquake (Mw=6.6).

Фиг. 2. Батиметрична карта за региона на Егейско море
Данни от GEBCO (2014). Със звезда е отбелязан епицентърът на изследваното земетресение (Mw=6,6).
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in E-W direction. We tested different focal mecha-
nism solution whose features are shown in Table 1.  

Moment tensor solutions for the main shock reported at 
the European-Mediterranean Seismological Center᾽s 
web-site by various institutions (GFZ and GCMT) are 
selected. These focal mechanisms are computed using 
methods that attempt to find the best fit to the wave-
forms of seismic waves recorded at each station. Real 
time data for the sea level oscillation for this event are 
available from Bodrum buoy station. It transmits data 
to the Intergovernmental Oceanographic Commission 
(IOC) of UNESCO every 30 s. The upper panel pre-
sented in Figure 3a shows the sea level oscillation at 
Bodrum station without calibration. Only few days 
after the tsunami occurred a scientific team has in-
stalled a portable version of an Inexpensive Device for 
Sea Level measurements (IDSL). The objective was 
to verify for at least 1 full day, that the readings of 
the Bodrum tide gauge were consistent with the mea-
surements of the IDSL. The lower panel in Figure 3b 

Table 1
Focal mechanism solutions, data from GFZ and GCMT

Таблица 1
Решения на фокалните механизми по данни от GFZ и 
GCMT

Focal
mechanism

FM 1 FM 2 FM 3

Strike (degree) 98 98 270
Dip (degree) 35 35 56

Rake (degree) 16 –82 –94

Fig. 3. Sea level at Bodrum station: 3a, oscillations before calibration (data from IOC web site); 3b, oscillations after calibration 
(after Yalçiner et al., 2017)

Фиг. 3. Морско ниво в станция Бодрум: 3а – колебания на морското ниво преди калибрирането (по данни от IOC); 3b – 
колебания на морското ниво след калибрирането (по Yalçiner et al., 2017)
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represents the sea water levels after this procedure 
was implemented. The conclusion is that the Bodrum 
tide gauge provides perfectly valid measurements 
(Yalçiner et al., 2017).

Results

We calculated the geometry of the fault via formulas 
in Mai and Beroza (2000). The estimated length and 
width of the seismic fault are 33 km and 17 km, re-
spectively. The calculated slip on the fault is 2.5 m 

and the selected depth of the upper boundary of the 
fault is 1000 m. According to KOERI center (Kandilli 
Observatory and Earthquake Research Institute), the 
epicenter has coordinates 27.4053° E and 36.962° N. 
Initial displacement of the ocean bottom (Fig. 4) in our 
simulations is calculated in the range from –0.4907 m 
to 1.447 m and varies due to the different focal mecha-
nism solutions. Simulations were run for 4 hours. The 
code UBO-TSUFD computes the propagation of the 
waves, the maximum water column inland, the maxi-
mum water elevation during the propagation, as well 
as the velocity field both in the deep ocean and near to 

Fig. 4. Displacement at the moment of the earthquake (initial conditions): 4a, FM1; 4b, FM2; 4c, FM3

Фиг. 4. Отместване в момента на земетресението (начални условия): 4a – FM1; 4b – FM2; 4c – FM3

Fig. 5. Computed water elevations for FM3, computed for different time after the earthquake: 5a, 5 minutes; 5b, 15 minutes; 
5c, 30 minutes

Фиг. 5. Изчислени амплитуди на вълната за FM3, пресметнати за различни времена след земетресението: 5а – 5 
минути; 5b – 15 минути; 5c – 30 минути
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the coastline. The obtained results show velocity rate 
of 120 ms–1 at depth of 2000 m and decreasing of the 
wave velocity approaching the coast to 18 ms–1.

The used tool calculates the propagation of the tsu-
nami waves and estimates the time of the first arriv-
als. Snapshots of the computed water elevations for 
5, 15 and 30 minutes after the earthquake occurred 
are shown in Figure 5. The presented snapshots are 
only for the third focal mechanism. Positive waves 
hit the East coast of Kos between 5 and 15 minutes 
after the earthquake onset. According to the measure-
ments made near the port of Kos, the first wave arrived 
around 13 minutes after the earthquake (Yalçiner et 
al., 2017). The estimation of maximum water eleva-
tion field for the three different moment tensor solu-
tions is presented in Figure 6.

The comparison between the maximum amplitude 
from our simulations for FM2 and FM3 and the reg-
istered signal in Bodrum tide gauge and other instru-
mental data in Kos and Akyarlar Bay is in good ac-
cordance. Focal mechanism FM1 underestimates the 
values of the measurements. Synthetic mareograms in 
different locations are also computed. The mareograms 
reproduce the variations in the sea level depending on 
the time elapsed from the earthquake occurrence. We 
selected a number of points near the biggest cities in 
the region to calculate synthetic mareograms in these 
points. Synthetic mareograms for Akyarlar, Bodrum 
and the port of Kos are shown in Figure 7. The colors 
of the three graphs presented in Figure 7 correspond 
to the different focal mechanisms: FM1 – black, FM2 
– green, and FM3 – red. The figure shows the first 
6000 s of the simulation. The instrumental measure-
ments in the gulf of Bodrum report maximum water 

elevation of 1.9 m above sea level. Our simulations 
calculated maximum water elevation near the gulf of 
Bodrum of 1.5 m for focal mechanism FM3, which 
is in good agreement with the observations, although 
the relatively big step of the used grid and quite poor 
resolution of the bathymetry. Calculations for focal 
mechanism FM2 resulted in maximum water eleva-
tion near Akyarlar of 1.02 m, while the instrumental 
measurements reported maximum amplitudes of 1.2 m 
above sea level. Computations for FM3 estimated wa-
ter elevation near Akyarlar of 0.95 m. The best fit with 
the measurements for the port of Kos is focal mecha-
nism FM3 which differs from the observations there 
with 0.25 m.

Conclusions

We performed scenario based on the displacement, 
caused by the earthquake happened on July 20, 2017 
(MW=6.6) and the propagation of the tsunami waves. 
We modelled tsunami radiation pattern testing 3 fo-
cal mechanisms. The suggested scenario for FM3 is 
in good accordance with the observed and instrumen-
tally recorded tsunami in the region of Bodrum-Kos. 
More detailed bathymetry would contribute to more 
accurate modelling of the tsunami generated by this 
event.
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modelling of tsunami waves in the region of Aegean 
Sea” funded by the Scientific Research Fund of Sofia 
University “St. Kliment Ohridski”.

Fig. 6. Maximum water elevations: 6a, FM1; 6b, FM2; 6c, FM3

Фиг. 6. Максимални амплитуди на вълните: 6a – FM1; 6b – FM2; 6c – FM3
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