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Previous studies have shown that the Black Sea was subject to tsunami waves generation in the past 
(Altinok, 1999), with a total of twenty-two events generated. According to recent studies of Diaconescu et al. 
(2008), the Black Sea is divided in nine seismic sources. A more recent approach structures the area in ten 
different seismic sources, given by Moldovan et al. (2016, 2017). This study focuses mostly on the Istanbul 
seismic source, which triggered in the past high magnitude earthquakes followed by tsunami waves. 

The most recent event generated in the Black Sea was on 15th of October 2016, with a magnitude Mw = 
5.1, at a depth of 10 km, with the following location: Latitude 42.19° N, Longitude 30.68° E. The focal 
mechanism determined through the moment tensor inversion (U.S. Geological Survey – USGS) indicates a 
reverse faulting type. For this event, few tsunami modeling scenarios were run. When using the exact 
parameters of the earthquake (Mw = 5.3), the simulations show no results. More simulations were computed, 
increasing the magnitude with steps of 0.2, from 7.0 up to 7.8. The modeling was accomplished using the 
Tsunami Analysis Tool (TAT), software provided by the Joint Research Center (JRC) from Ispra, Italy. 

The results of these tsunami simulations show low wave heights for a magnitude of 7.2, of maximum 0.42 m 
in Eregli (Turkey), 0.36 m in Zonguldak Eregli (Turkey), and 0.32 m in Kilimli (Turkey). For a magnitude of 
7.6, the maximum wave heights are higher, considered to be moderate, of 1.59 m in Zonguldak Eregli 
(Turkey), 1.21 m in Eregli (Turkey). Moreover, there are three locations from the Romanian shoreline affected, 
as follows: 0.83 m in Mangalia, 0.5 m in Techirghiol and 0.39 m in Constanţa. 

In order to obtain a correlation of these simulations to real events of high magnitude, we will compare them 
with two past earthquakes from the Istanbul seismic area, generated on 12th of November 1999 (Mw = 7.2) and 
17th of August 1999 (Mw = 7.6). Due to their location inland, the results for these two earthquakes display very 
low wave heights, of maximum 0.18 m. These events were also modeled using the same software, same 
methodology, considering as location an offshore position of the earthquakes, assumed as being generated on 
similar faults. The results were compared to the modeling output of the 2016 earthquake from October. 

For a better evaluation of the tsunami waves possibility of occurrence in the Istanbul seismic area, more 
information regarding the parameters of high magnitude earthquakes, their location and focal mechanism type, 
are necessary. 
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1. INTRODUCTION 

The Black Sea was subject to tsunami waves 

generation in the past, with a total of 22 events 

generated, according to different sources and 

papers (Altinok, 1999; Yalciner et al., 2004; 

Papadopoulos et al., 2011). 

According to previous studies provided by 

Diaconescu et al. (2008), the Black Sea is 

divided in nine seismic sources. A more recent 

approach structures the area in ten different 

seismic sources, given by Moldovan et al. (2016, 

2017). 

This study focuses mostly on the Istanbul 

seismic source, which triggered in the past high 

magnitude earthquakes. Some of these events 

were followed by tsunami waves generation. 

The Istanbul seismic source is defined 

considering both onshore and offshore past 

earthquakes (Hancilar, 2012; Kalkan et al., 

2008; Moldovan, 2016), being situated along the 

intersection between the southern part of the 

West Black Sea fault and faults associated to the 

North Anatolian fault. 

A short description of the past high 

magnitude earthquakes was given, along with 
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the most recent event generated in the Black Sea, 

on 15
th
 of October 2016, with an initial magnitude 

Mw = 5.3 (final magnitude of 5.1), at a depth of 

10 km. 

For a good evaluation of the tsunamis 

occurrence generated by the Istanbul seismic 

source, few tsunami modeling scenarios were 

accomplished, using the parameters of the most 

recent event from 15
th
 of October 2016. The 

modeling was accomplished using the Tsunami 

Analysis Tool (TAT), software provided by the 

Joint Research Center (JRC) from Ispra, Italy. 

Same software was used for tsunami waves 

modeling for two past earthquakes from the 

Istanbul seismic area, generated on 12
th
 of 

November 1999 (Mw = 7.2) and 17
th
 of August 

1999 (Mw = 7.6). 

2. SHORT DESCRIPTION  

OF THE ISTANBUL SEISMIC AREA 

The continental maximum observed Magnitude 

was Mw = 7.6 for an earthquake generated on 

17
th
 of August 1999 (U.S. Geological Survey – 

USGS). 

The seismic activity is considered to be the 

number of seismic events per number of years. 

In this case, for the Istanbul seismic area, the 

estimated seismic activity is 0,44 events / year, 

considering all the events with a minimum 

magnitude of Mw = 3. 

The average depth of the earthquakes 

generated in this area is 22,1 km. Taking into 

account previous studies of Yalciner et al. 

(2004), most of the past events have a shallow 

depth. 

The Istanbul seismic area contains both 

onshore and offshore sectors, from the Sea of 

Marmara (South of Istanbul) and the Black Sea 

(North of Istanbul). The area is located along the 

intersection between the southern part of the 

West Black Sea Fault (Eurasian Plate) and faults 

associated to the North Anatolian fault (Anatolian 

Block), as displayed in Figures 1a and 1b (Sosson 

et al., 2010). 

The distribution of epicentres which 

characterize the Istanbul seismic area mark the 

flections of the structural lines belonging to the 

North Anatolian faults system. The faults from 

Istanbul source have an ample development, the 

active sectors being of hundreds of km. The fault 

plain solutions highlight mostly a strike slip 

character (European–Mediterranean Seismological 

Centre – CSEM–EMSC). 

3. PAST AND RECENT EVENTS 

The past earthquakes generated in the 

Istanbul seismic area are displayed in Figure 2 

(CSEM-EMSC), with the most recent event 

evidenced by a red star. 

Two documented events of high magnitude 

were generated in the past in Istanbul area, one 

on 12
th
 of November 1999 (Mw = 7.2), with the 

following parameters: latitude 40.75°, longitude 

31.16°, depth 10 km, and the other one on 17
th
 of 

August 1999 (Mw = 7.6) with the location: 

latitude 40.74°, longitude 29.86°, at a depth of 

17 km (Fig. 2). 

The most recent earthquake generated in the 

Black Sea (represented by a red star in Fig. 2), 

was on 15
th
 of October 2016, with an initial 

magnitude Mw 5.3 (final magnitude Mw 5.1), at 

a depth of 10 km, and having the following 

coordinates: latitude 42.19°, longitude 30.68° 

(according to CSEM–EMSC). The focal 

mechanism determined through the moment 

tensor inversion (3 sources: USGS, German 

Research Centre for Geosciences – GFZ, 

Kandilli Observatory and Earthquake Research 

Institute – KAN) indicates a reverse faulting 

type for this earthquake and is displayed in 

Figure 3. The earthquake’s parameters, including 

the fault plane solution, are displayed in Table 1. 

4. DATA AND RESULTS 

Different tsunami modeling scenarios were 

accomplished for the most recent event 

generated in the Black Sea on 15
th
 of October 

2016, using the earthquakes parameters 

(coordinates, depth and fault plane solution – 

Table 1). For a magnitude of Mw = 5.3 the 

http://www.koeri.boun.edu.tr/
http://www.koeri.boun.edu.tr/
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modeling gives no results. The magnitude was 

further increased with steps of 0.2, from 7.0 up 

to 7.8. The modeling was accomplished using 

the Tsunami Analysis Tool (TAT), software 

provided and developed by the Joint Research 

Center (JRC) (Annunziato, 2007). The software 

is used worldwide for the purpose of assisting 

the operator from a tsunami warning centre in 

decision making in case of an event which could 

generate a tsunami. TAT contains a database 

with processed simulations, which will be 

compared with real data, in order to rapidly 

estimate the effects of an earthquake. Moreover, 

real time modeling is generated, in case of an 

event of high magnitude. The software collects 

the information from different websites and 

Agencies (USGS, CSEM–EMSC), and sends 

messages to its users, for any worldwide 

earthquake with Mw ≥ 4.5. It was also used in 

the recent years in the framework of numerous 

national and international projects. 
In the present paper, only some examples of 

tsunami simulations are displayed, a paper with 
more results will be written in the near future. 
Two examples are for magnitudes of 7.2 and 7.6, 
and also a correlation with the simulations of 
real past events will be made. 

The first example is for a simulation of an 

earthquake using the location of 15
th
 of October 

earthquake (Mw 5.1), modifying the magnitude 

of the event (for a magnitude lower than 7, the 

simulations give no results). The exact parameters 

used in the modeling simulation are: latitude 

42.19°, longitude 30.68°, magnitude 7.2, depth 

10 km; the fault parameters are: strike = 224, dip = 

28, rake = 80, fault width = 16 km, fault length = 

60 km. The maximum wave heights and travel 

times for this scenario are displayed in Figure 4.

 

 

 

Fig. 1a – Tectonic setting of the Black Sea area – general view  

(Sosson et al., 2010). 
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Fig. 1b – Tectonic setting of the Black Sea area – detailed view (Sosson et al., 2010);  

(WBS – Western Black Sea fault, NAF – North Anatolian fault). 

 

Fig. 2 – Past earthquakes generated in the Istanbul seismic area (source: CSEM-EMSC).  

The black dots represent past high magnitude earthquakes. 
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Table 1 

Final parameters of the earthquake from 15th of October 2016 (source: USGS) 

Date and 

Time 

UTC 

Mag. Latitude Longitude 
Depth 

km 
Plane Strike Dip Rake 

2016-10-15 

08:18:32 
5.1 42.19°N 30.68°E 6.4 

NP1 55° 62° 95° 

NP2 224° 28° 80° 

 

 

Fig. 3 – The focal mechanism of the initial magnitude Mw 5.3 earthquake,  

determined by different sources (source: CSEM-EMSC). 
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Fig. 4 – Maximum wave heights and travel times for the simulation of an earthquake of magnitude 7.2,  

generated in offshore Istanbul (source: TAT Software).

The results show low wave heights for a 

magnitude of 7.2, of maximum 0.42 m in Eregli 

(Turkey), 0.36 m in Zonguldak Eregli (Turkey), 

and 0.32 m in Kilimli (Turkey). There are two 

locations affected from the Romanian shore, 

Techirghiol with 0.14 m and Constanta with 0.11 m 

(Table 2). The tsunami waves propagate from 

the epicentral area to these locations with a travel 

time of 1 hour and 20 minutes for Techirghiol and 

1 hours and 28 minutes for Constanta (Table 2). 

The second example is a simulation of an 

earthquake with the following parameters: latitude 

42.19°, longitude 30.68°, magnitude 7.6, depth 

10 km, having the fault parameters: strike = 224, 

dip = 28, rake = 80, width = 19 km, length = 

118,5 km. The maximum wave heights and 

travel times are displayed in Figure 5. 

For this modeling scenario, the results show 

higher maximum wave heights, of 1.59 m in 

Zonguldak Eregli (Turkey), 1.21 m in Eregli 

(Turkey) (Table 4). There are 3 locations affected, 

from the Romanian shore as follows: 0.83 m in 

Mangalia, 0.5 m in Techirghiol and 0.39 m in 

Constanta (Table 3). The tsunami waves propagate 

from the epicentral area to these locations with a 

travel time of 58 minutes for Mangalia, 1 hour 

and 14 minutes for Techirghiol and 1 hours and 

26 minutes for Constanta (Table 4). 
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Table 2 

Affected locations resulted from the simulation of an earthquake of magnitude 7.2,  

generated offshore Istanbul (source: TAT Software) 

 
 
 

 

Fig. 5 – Maximum wave heights and travel times for the simulation of an earthquake of magnitude 7.6,  

generated offshore Istanbul (source: TAT Software). 
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Table 3 

Affected locations resulted from the simulation of an earthquake  

of magnitude 7.6, generated offshore Istanbul (source: TAT Software)  

 

 

Table 4 

Affected locations from the Romanian shoreline, resulted from the simulation of an earthquake of magnitude 7.6,  

generated offshore Istanbul (source: TAT Software)  
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Table 5 

Affected locations resulted from the simulation of the earthquake of magnitude 7.2,  

generated on 12th of November 1999 (offshore location) (source: TAT Software)  

 
 

 

Fig. 6 – Maximum wave heights and travel times for the simulation of the earthquake of magnitude 7.2, 

generated on 12th of November 1999 (offshore location) (source: TAT Software). 
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Table 6 

Parameters of the earthquake from 17th of August 1999 and tsunami maximum waves evaluation  

(source: https://www.ngdc.noaa.gov/hazard/tsu_db.shtml) 

Date and 

Time 

Tsunami 

cause 

Earthquake 

magnitude 

Country, 

area 
Latitude Longitude 

Max. Water 

Height (m) 

Number  

of run-ups 

17.08.1999 

00:01:39 
Earthquake 7.6 

Turkey, 

Kocaeli 
40.76 29.97 2.52 26 

 
In order to obtain a comparison of these 

simulations to real events of high magnitude, we 
correlated them with two past earthquakes from 

the Istanbul seismic area, generated on 12
th
 of 

November 1999 (Mw = 7.2) and 17
th
 of August 

1999 (Mw = 7.6). These events were modeled 
using the same software and methodology and 

also same input earthquake parameters (coordinates, 
depth and fault parameters), but due to their 

location inland or close to inland, a new location 
was given in the Southern Black Sea area. 

For the event of magnitude 7.2, generated on 
12

th
 of November 1999, the parameters of the 

earthquake used for the tsunami simulation are 
the following: latitude 40.75°, longitude 31.16°, 

magnitude 7.2, depth 10 km, and the fault 

parameters are: strike = 169, dip = 67, rake =18, 
width = 16 km, length = 60 km. 

The simulation for this event gives no results, 
due to the location inland of the event. If the 

epicenter of the M 7.2 earthquake is moved 
offshore, same longitude, modifying the latitude 

to 41.3°, the results show maximum waves of 
0.4 m (Table 5). The maximum wave heights 

and travel times for this scenario are displayed in 
Figure 6. 

 
 

 
The second event of magnitude 7.6, generated 

on 17
th
 of August 1999 is better documented from 

tsunami point of view. According to the tsunami 

data base of the National Oceanic and Atmospheric 
Administration (NOAA), this earthquake generated 

tsunami waves of maximum 2.52 m (Table 6). 
The long duration of the earthquake's ground 

motions (45 seconds) and the proximity of the  
epicenter to the Sea of Marmara and the Gulf of 

Izmit, show that the tsunami was generated in 
the Gulf of Izmit, in the eastern part of the Sea 

of Marmara, not in the Black Sea. The tsunami 
waves had a very short period, less than a 

minute. 
The tsunami simulation results for this event 

are much different than the ones given by 

NOAA from Table 5, being underestimated. The 
parameters of the earthquake used for the 

simulation are the following: latitude 40.74°, 
longitude 29.86°, magnitude 7.6, depth 17 km 

and the fault parameters are: strike = 178, dip = 74, 
rake = 9, width = 19 km, length = 118.5 km. Only 

a table with the affected locations is displayed 
for this modeling simulation, the results showing 

maximum waves of 0.18 m in two locations from 
the Turkish shore-line, Izmit and Kocaeli (Table 7). 

 

Table 7 

Affected locations resulted from the simulation of the earthquake of magnitude 7.6, 

generated on 17th of August 1999 (source: TAT Software)  

 
 

https://www.ngdc.noaa.gov/hazard/tsu_db.shtml
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Given the low results for the maximum wave 

heights for this simulation scenario, and due to 

the close to inland location of the event, further 

modeling was generated. Similar to the previous 

case (of Mw = 7.2), the epicenter of the earthquake 

is moved offshore, considering the same longitude 

but modifying the latitude at 41.4°. Only a table 

with the affected locations is displayed for this 

simulation, the results showing maximum waves 

of 0.14 m in one location from the Turkish 

shore-line (Kirklareli Igneada), and 0.13 m in 

Kocaeli Kefken (Table 8). Few locations from the 

Bulgarian shore are listed in the table, with 

maximum waves of 0.08 m, but no location from 

the Romanian shore. 

Table 8 

Affected locations resulted from the simulation of the earthquake of magnitude 7.6,  

generated on 17th of August 1999 (offshore location) (source: TAT Software) 

 
 
In order to make a correlation of the results 

from the simulations of the earthquake on 15
th
 of 

October 2016, increasing its magnitude to 7.2 
and 7.6, with the results of the simulations of 
real past events from 12

th
 of November 1999 of 

magnitude 7.2 and from 17
th
 of August 1999 of 

magnitude 7.6, the values are quite different, 
probably due to the inland or very close to inland 
location of the two past events from 1999. 
Considering only the magnitude and comparing 
the results of the simulations, for a magnitude of 
7.2, the value of 0.42 m maximum wave height 
for the simulation of the earthquake from 15

th
 of 

October 2016 is similar to the maximum value 
of 0.40 m from the simulation of the earthquake 
from 12

th
 of November 1999, moving its 

epicenter offshore. For a magnitude of 7.6, the 
results are very different. The maximum wave 
height value of 1.59 m for the simulation using 
the parameters of the earthquake from 15

th
 of 

October 2016 overestimating the values of the 
maximum height computed for the event from 
17

th
 of August 1999 of only 0.14 m (with the 

epicenter moved offshore), but underestimating 
the values of 2.52 m given by NOAA for the 
same event. These differences appear due to the 
type of earthquakes’ focal mechanisms (normal 
and reverse fault usually generate tsunamis, 
strike-slip do not generate), the location itself, 
and also the capacity of the software to simulate 
events mostly offshore, rather than located very 
close to the shore or onshore. 

5. CONCLUSIONS 

This study focuses on the Istanbul seismic 
area, which triggered in the past high magnitude 
earthquakes, some of them followed by tsunami 
waves generation. The continental maximum 
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observed Magnitude is Mw = 7.6, for an 
earthquake generated on 17

th
 of August1999 

(USGS). 
The most recent event generated in the Black 

Sea was observed on 15
th
 of October 2016 of 

initial magnitude Mw 5.3 and final magnitude 

Mw 5.1, at 10 km depth, latitude 42.19°, longitude 

30.68°. For this earthquake, few tsunami modeling 

scenarios were run, using magnitudes from 7.0 

up to 7.8, with steps of 0.2. For the magnitude of 

5.3 the simulations have no results, as expected, 

considering that previous studies have given the 

minimum magnitude for tsunami generation at 

6.5. The modeling was accomplished using the 

Tsunami Analysis Tool (TAT) software. 

Only two examples were displayed in this 

paper, for Mw = 7.2 and Mw = 7.6. The 

simulations show low wave heights for a 

magnitude of 7.2, of maximum 0.42 m in Eregli 

(Turkey). For a magnitude of 7.6, the maximum 

wave height is 1.59 m in Zonguldak Eregli 

(Turkey) and there are also 3 locations from 

Romania affected, Mangalia with 0.83 m, 

Techirghiol with 0.5 m and Constanta with 0.39 m. 

In order to compare these simulations with 

real events of high magnitude, we made a 

correlation with two past earthquakes from the 

Istanbul seismic area, generated on 12
th
 of 

November 1999 (Mw = 7.2) and 17
th
 of August 

1999 (Mw = 7.6). 

Due to their location inland or close to inland, 

the tsunami simulation results for these two 

events display very low wave heights, of 

maximum 0.18 m in Izmit (Turkey) for the M 

7.6, and no results for the M 7.2. If the epicenter 

of the 7.2 earthquake is moved offshore (same 

longitude, changing the latitude), the results 

show maximum waves of 0.4 m in Istanbul_Sile 

(Turkey). The National Oceanic and Atmospheric 

Administration (NOAA) gives for the second 

earthquake estimations of maximum 2.52 m 

tsunami waves in the Sea of Marmara. If the 

epicenter of the 7.6 earthquake is moved 

offshore (same longitude, changing the latitude), 

the results show maximum waves of 0.14 m in 

Kirklareli Igneada (Turkey). 

A conclusion can be drawn regarding the 

TAT software, which does not give very good 

estimations for inland or very close to shore 

earthquakes. Moreover, the focal mechanism of 

the earthquake is an important factor in tsunami 

waves generation. 

More studies are required in order to have a 

better correlation of the estimated sea level 

values from the simulations to the sea level 

measurements triggered by past events. 

For a better evaluation of the tsunami waves 

possibility of occurrence in the Istanbul seismic 

area, more information regarding the parameters 

of high magnitude earthquakes, their location 

and focal mechanism, are necessary. 
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