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Purpose. The main purpose of the work is to assess a possible tsunami hazard for the region of 
location of the Crimean Bridge constructed across the Kerch Strait, since up to present, numerical 
simulations of the tsunamigenic earthquakes in the Black Sea have never taken the Kerch Strait 
region (except for the water area at the strait entrance) into consideration as a possible object for 
a tsunami hazard.  
Methods and Results. To assess a tsunami hazard for the Kerch Strait and, particularly, for the region 
of location of the constructed Crimean Bridge, the present paper considers the historical catastrophic 
tsunamigenic earthquake in the southeastern part of the Crimea Peninsula on September 12, 1927 as 
well as possible strong earthquakes, the source locations and magnitudes of which can be close to 
those of the above-mentioned one. The available data on localization and intensity of the earthquake 
on September 12, 1927 allowed to model the source of such an earthquake. Besides, within 
the framework of the nonlinear shallow water equations, simulated were the tsunami generation and 
the tsunami waves’ propagation from the single- and two-block seismic sources in the Black Sea 
along the Crimea Peninsula, at the Kerch Strait entrance and in its water area. The seismic sources of 
close localization were similarly simulated for two possible tsunamigenic earthquakes in 
the southeastern part of the Crimea Peninsula.  
Conclusions. For all the considered scenarios, generation and propagation of the tsunami waves over 
the water area regions under study were numerically simulated, the histograms of distribution of 
the wave run-up maximum heights along the Crimea Peninsula and the Kerch Strait coasts were 
constructed. It is shown that for all the scenarios, in the region of the Crimean Bridge western pillars 
the tsunami wave heights do not exceed 0.3–0.5 m, whereas in the region of its eastern pillars, 
possible wave heights are within the range 0.6–1.95 m. The results represented in the paper are 
compared with the available data on the wave heights in a number of settlements of the Crimea 
Peninsula coast and at the Kerch Strait entrance, obtained by the other authors. 
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Introduction 
On September 12, 1927, at night a catastrophic tsunamigenic earthquake with a 

magnitude ranging within the interval M = 7–8 occurred on the Crimean Peninsula 
coast (see, for example, [1–6]). Its center was under the seabed, south of Yalta and 
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was extended along the coast. The approximate coordinates of the epicenter were 
44.4°N, 34.5°E. This earthquake became a real disaster in Crimea: according to the 
research data, there were more than 60 people dead, over 700 – wounded and injured, 
accompanied with the tremendous destruction. An earthquake was manifested 
outside the peninsula. In Yalta and its vicinity, the magnitude of the earthquake 
reached 8, in Sevastopol, Simferopol and Alushta ~ 7, in Feodosiya and Yevpatoriya 
~ 6, in Kerch the magnitude was close to 5 [1–4]. 

The recollections of eyewitnesses of this event are presented in the Yalta 
archive: “... Unusual in absolutely calm weather excitement in the form of a small 
swell looking like a “boiling sea” made even the bravest (fishermen) return to 
the coast. At midnight, dogs howled across the coast. After 15 minutes, a loud 
rumble interrupted the howl and the earth shook. Glass burst in houses, parget fell, 
floors and ceilings cracked, iron sheets rattled on roofs and stone walls of houses 
fell. People screamed from open windows. The first shock, lasting no more than 
10 seconds, was followed by the second one. People began to run out of their 
houses, in which walls were cracked, furniture fell, balconies and cornices 
collapsed, and immediately the lights went out in the entire town. The ongoing 
disasters, collapsing buildings, groans of the wounded, caused extreme panic ... 
"[3]. Landslides and mudflows occurred in the mountains. Their traces, as on 
Mount Demerdzhi and in the mountains near Sudak, are still found after 90 years. 
Until noon on September 12, 1927, 27 strong shocks occurred. In just a few days, 
more than 200 shocks were recorded. The most powerful shocks led to 
the destruction of the coastal strip of land from Alushta to Sevastopol. Almost all 
stone buildings were damaged in the Yalta region. The total damage to the southern 
coast of Crimea was estimated at about 50 million rubles [4]. Aftershocks of this 
earthquake that occurred in Crimea at night of September 11 to 12 left 48% of 
residents of south-coastal villages homeless 

1. 
The seismic and tsunami hazard assessments of the Black Sea, both Russian 

and other coasts of this water area, have been the subject of many works (see, for 
example, [7–18]). However, despite the proposed analytical methods and models 
for simulation of the generation and propagation of tsunami waves, the question 
of the possible danger of the Black Sea tsunami remains relevant, in particular, 
in connection with the operation of the recently built Crimean Bridge across 
the Kerch Strait. 

The present paper considers the tsunami hazard of the Kerch Strait region and 
the constructed Crimean Bridge with the possible repetition of a catastrophic 
earthquake similar to the one that occurred on September 12, 1927 in the southeast 
of the Crimean Peninsula with a localization of the source close to a historical 
earthquake. Complex geological conditions such as seismicity, tectonic fault and 
weak soils [19–21] require the most detailed analysis of all possible events that 
affect the seismic and tsunami stability of the unique structure constructed. In this 
regard, the work examines in detail the possibility of repeating the historical 
catastrophic event of September 12, 1927 with numerical modeling of earthquake 
sources of various configurations while maintaining the localization of the source 
in the southeast of the Crimean Peninsula. 
__________________________________  

1 Sidorenko, A.V., 1969. Geologiya SSSR. Tom VIII. Krym. Chast’ I. Geologicheskoye Opisanie 
[Geology of the USSR. Volume VIII. Crimea. Part I. Geological description]. Moscow: Nedra. 576 p. 
(in Russian). 
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Formulation of the problem 
The article analyzes three possible scenarios of tsunami propagation for selected 
source locations. According to Scenario 1, for modeling the tsunami source, 
an elliptical seismic source was selected, located, according to historical data, south 
of Yalta and extended  along the coast with approximate coordinates of 
the epicenter of 44.4°N, 34.5°E (see, e.g., [1,5, 6]) (shown in purple in Fig.1). 
An earthquake with a magnitude of M = 7 was considered. According to 
Scenario 2, with the localization of the source on the same fault, a hypothetical 
earthquake with a magnitude of M = 7.5 was considered, the source consisted of 
two semi-elliptical blocks, and the block separation line with the line of the Earth's 
crust fault (black line in Fig. 1). 
 

 
 

F i g.  1. The regions of the Crimean Peninsula and the Kerch Strait on the bathymetric map of 
the Black Sea. Black-yellow curves indicate the fault lines in the northeastern Black Sea, ellipses – 
localization of the simulated earthquake source, red asterisk – localization of the historical earthquake 
(1927) epicenter 
 

The hypothetical earthquake source with magnitude M = 8, located in the far 
zone of active Earth's crust faults near the Crimean Peninsula, was considered in 
Scenario 3. Similarly to Scenario 2, the earthquake source is an ellipse divided into 
two blocks by a line coinciding with the major axis of the ellipse. The localization 
of the source for Scenario 3 is shown by the blue line in Fig. 1. 

For a detailed study of the wave characteristics when considering these 
scenarios in the region of the western and eastern supports of the Crimean Bridge 
and at some points along the coast of Crimea, virtual tide gauges were placed 
(Fig. 2). They recorded the water level variation near the bridge on a three-meter 
isobath. 

Using Wells [22] and Iida 

2 formulas, the source sizes and the estimated 
displacement of the Earth's crust in them at the magnitudes of earthquakes under 
consideration (see, e.g., [13, 15]) were obtained. This data is given in Table 1. For 
block sources (scenarios 2 and 3), the numbering of blocks is indicated by 
the numbers 1 and 2, respectively (Fig.1). 
__________________________________________________ 

2 Vol'tsinger, N.E., Klevannyj, K.A. and Pelinovskij, E.N., 1989. Dlinnovolnovaya Dinamika 
Pribrezhnoj Zony [Long-Wave Coastal Dynamics]. Leningrad: Gidrometeoizdat, 271 p. (in Russian). 
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F i g.  2. Localization of the virtual tide gauges (▲) along the Crimean Peninsula and in the Kerch 
Strait 
 

T a b l e  1 
 

Parameters of the simulated earthquake sources 
 

/ Scenario 
number Magnitude Length, km 

(semi-axis) 
Width, km 
(semi-axis) Rise height, m Rise time, s 

1 7.0 34 12 1 30 

2 7.5 48.5 18 block 1 block 2 block 1 block 2 
-1.0 2.5 30 30 

3 8.0 73.0 20 
block 1 block 2 block 1 block 2 

-1.5 4.5 30 30 

 
Numerical simulation of a historical tsunamigenic earthquake in Crimea 

on September 12, 1927 with M = 7 and a source located in the fault zone of 
the Earth's crust near the Crimean Peninsula (Scenario 1) 

To describe the process of wave generation and propagation caused by 
the movements of key blocks in a seismic source, a nonlinear system of shallow 
water equations in a two-dimensional formulation was used (see, e.g., [13, 15]). 
In the numerical description of the tsunami wave generation and propagation over 
the water area, a scheme constructed by analogy with the Sielecki difference 
scheme [23] is applied. A computational grid is introduced with spatial intervals 

x∆ , y∆ and time steps t∆  = 1 sec (see, e.g., [23]). In the computations presented 
in this work, the Black Sea bathymetry with the spatial step approximately 900 m 
is used. At the last seaward point at a depth of 3 m, the condition of total reflection 
(vertical wall) was set, allowing to fix the maximum and minimum values of the 
wave displacement at this depth level. 

To simulate the tsunami source of the historical Yalta earthquake, a seismic 
source with the parameters corresponding to the data of the September 12, 1927 
earthquake, was considered. The location of the seismic source for this scenario is 
shown in Fig. 3a. The epicenter, according to historical data, was located on line 1 
of the fault (shown by the purple line in Fig. 1). During the implementation of 
Scenario 1, an elliptical-shaped block rose to a height of 1 m in 30 s (Tab. 1). 
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F i g.  3. Generation of tsunami source and position of the tsunami wave fronts in the Black Sea water 
area, Scenario 1 (M = 7) for 4 time moments: a) t = 30 s; b) t = 1 min; c) t = 2 min; d) t = 7 min 
 

It is clearly seen (Fig. 3) that there is an arc-like elevation wave coming to 
the coast, which reaches the coast of Crimea 7 minutes after the start of tsunami 
wave generation. The maximum wave height when approaching the coast (up to 
0.8 m) is observed in the region of Alushta (Fig. 3, c). 

Fig. 4 shows a histogram of the distribution of maximum tsunami wave 
heights along the Crimean Peninsula in this simulation for the magnitude of 
the earthquake M = 7. It can be clearly seen that the peak height for Scenario 1 
was 2.7 m near Alushta. The highest wave heights are observed in the interval 
34.2° –34.6°E in the region of Yalta and Alushta, which, according to historical 
data, were badly damaged. Further along the coast from Koktebel to Kerch (located 
at the entrance to the water area of the Kerch Strait), the wave heights do not 
exceed 0.8 m. 

 

 
 

F i g.  4. 2D histogram of distribution of the wave maximum heights on the 3-meter isobath nearby 
the Crimean coast, Scenario 1 (M = 7) 
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When approaching the Kerch Strait, the wave heights significantly decrease 
and do not exceed 0.4 m on average. At the beginning of wave propagation in 
the Kerch Strait, its leading front was arc-shaped. As the wave moves in the strait, 
its height decreases and the leading front approaches the eastern pillars of 
the Crimean Bridge with a height of about 30 cm (Fig. 5, d), to the western pillars – 
with a height of about 20 cm (Fig. 5, c). 2 hours after the start of propagation, 
the wave passes the Crimean Bridge and continues to move towards the Sea of 
Azov. 

 

 
 

F i g.  5. Position of the tsunami wave fronts in the Kerch Strait water area, Scenario 1 (M = 7): 
a) t = 1 h 35 min; b) t = 1 h 40 min; c) t = 2 hrs; d) t = 2 hrs 20 min. Dark line denotes schematic 
location of the bridge  

 
Numerical simulation of a tsunami with a hypothetical source 

earthquake (M = 7.5), localized in the fault zone of the Earth's crust near 
the Crimean Peninsula (Scenario 2) 

 
In the implementation of Scenario 2, a model seismic elliptical source was 

used (black line in Fig. 1), divided into two parts along the major axis of 
the ellipse, which coincides with Line 1 of the Earth's crust fault. The block begins 
to move first (Fig. 1), oriented toward the coast. The movement takes 30 seconds 
(Table 1), during this time the block evenly lowered down by 1 m. Simultaneously 
with this movement, the second block oriented to the sea also moved up to a height 
of 2.5 m in 30 seconds. Fig. 6 shows the generation of the tsunami source during 
the implementation of Scenario 2 and the propagation of wave fronts from this 
source. 
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F i g.  6. Generation of tsunami source and position of the tsunami wave fronts in the Black Sea water 
area, Scenario 2 (M = 7.5) for 4 time moments: a) t = 30 s; b) t = 1 min; c) t = 2 min; d) t = 7 min 

 
Note that (Fig. 6, b, 6, c), in contrast to the previous scenario, a tsunami begins 

with a rundown of the wave from the shore (depression wave) with a vertical 
component of up to 0.5 m (Fig. 6, d). The next wave goes to the shore with a height 
of up to 2 – 3 m. In Fig. 7 it is clearly seen that for this scenario, the highest wave 
heights were observed in the range 34.2° –34.9°E, between Yalta and Sudak, and 
the maximum rise was 7 m. However, further distribution along the coast, as in 
Scenario 1 (M = 7), occurred evenly, with an average height of 1 m. 

 

 
 

 
F i g.  7. 2D histogram of distribution of the wave maximum heights on the 3-meter isobath near 
the Crimean coast, Scenario 2 (M = 7.5) 
 

Fig. 8 shows the results of numerical simulation of tsunami wave propagation 
in the Kerch Strait. Here, the wave height compared with the heights in the Black 
Sea was significantly lower – no more than 30 cm. The leading front of the arcuate 
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shape after 1 h 40 min (Fig. 8, b) reaches the Crimean Bridge with a wave height of 
~ 20 cm. At the following time the height of water rise near the Crimean Bridge 
does not exceed 20–25 cm. 

 

 
 

F i g.  8. Position of the tsunami wave fronts in the Kerch Strait water area, Scenario 2: a) t = 1 h 35 min; 
b) t = 1 h 40 min; c) t = 2 hrs; d) t = 2 hrs 20 min. Dark line denotes schematic location of the bridge 

 
Numerical simulation of a tsunami with a hypothetical  

earthquake source (M = 8), localized in the fault zone of the Earth's crust 
near the Crimean Peninsula (Scenario 3) 

 
To implement Scenario 3, a seismic source of the earthquake was selected 

(shown by the blue line in Fig. 1) with a magnitude of M = 8 and localization on 
line 2 of the Earth's crust break up (Fig. 1). The movement of the blocks began at 
the same time: within 30 s, the block oriented toward the coast fell 1.5 m, and 
the block oriented towards the sea within 30 s rose 4.5 m. 

Fig. 9 shows the stages of the evolution of tsunami waves in the Black Sea for this 
scenario: Fig. 9, a and 9, b show the beginning of wave propagation after the end of 
movement of the blocks of the seismic source; Fig. 9, c, 9, d show that the wave that 
moves northward from the source to the coast is a “depression wave,” that is, the 
tsunami in this section of the water area will begin with the wave rundown from 
the coast; according to Fig. 9, f, the wave reaches the Crimean coast in about 10 
minutes, while the leading front is approximately –2 m. 
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F i g.  9. Generation of tsunami source and position of the tsunami wave fronts in the Black Sea water 
area, Scenario 3 (M = 8) for 6 time moments: a) t = 30 s; b) t = 1 min; c) t = 2 min; d) t = 3 min; e) t = 
= 7 min; f) t = 10 min 

 
 

 
 

F i g.  10. 2D histogram of distribution of the wave maximum heights on the 3-meter isobath near 
the Crimean coast, Scenario 3 (M = 8) 

 
 

PHYSICAL OCEANOGRAPHY   VOL. 27   ISS. 2   (2020) 118 



 

In Fig. 10 it is clearly seen that the maximum wave heights are observed in 
the range 34.7°–35.45°E (between Alushta and Feodosiya), the height of 
the sea level rise here reached 6–8 m, which exceeds the similar values in the two 
previous scenarios by 1–3 m. On the rest of the isobath, the wave height did 
not exceed 2–3 m. The maximum height tsunami waves, up to 15 m, are in 
the Sudak area. 

Fig. 11 shows the evolution of tsunami waves in the Kerch Strait water area 
according to Scenario 3. It is clearly seen that the wave of an arc-like shape with 
a height of about 0.5 m first reaches the eastern pillars of the bridge in the area of 
the Tuzla Spit. It approaches the Crimean Bridge in 1 h 25 min after the generation 
begins (Fig. 11, c). After 10 minutes, the leading front reaches the western pillars 
of the bridge, while it has a height of 30 cm. Further, the wave practically does not 
pass northward beyond the Chushka Spit, the main oscillations are noticeable in 
the southern half of the Kerch Strait. 

 

 
 

F i g.  11. Position of the tsunami wave fronts in the Kerch Strait water area, Scenario 3: a) t = 1 h 25 min; 
b) t = 1 h 30 min; c) t = 1 h 35 min; d) t = 1 h 40 min. Dark line denotes schematic location of 
the bridge  

 
Analysis of the results of numerical simulation of tsunamis during strong and 

catastrophic earthquakes in the Black Sea with sources localized near 
the Crimean Peninsula 

 
Fig. 12 shows the histograms of the distribution of the maximum tsunami 

wave heights for the eastern and western coasts of the Kerch Strait. The geographic 
location of the Crimean Bridge pillars in the projection (cross-section in longitude) 
is marked in red. It should be noted that in the considered scenarios of 
the occurrence and propagation of tsunami waves with increasing magnitude of 
the seismic source, the level of water rise on three-meter isobaths in the Kerch 
Strait also increases. It can be seen that during the Scenario 1 implementation, 
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the maximum height of the water level rise at the western and eastern pillars of 
the bridge was 0.32 and 0.65 m, respectively (the upper part of Fig. 12). 

In general, the height was a little less than 1 m in the strait water area. 
According to Scenario 2, the maximum height of sea level rise in the region of 
the western pillars of the bridge was 35 cm (middle part of Fig. 12), in the region 
of the eastern pillars near 0.7 m. It also should be noted that at the Kerch Strait 
entrance from the Black Sea, the wave heights on the 3 m isobath reached 1.5 m. 
When implementing Scenario 3 with a hypothetical block source and M = 8, 
the maximum tsunami wave heights in the region of the western pillars of 
the bridge were 0.5 m, in the region of the eastern pillars – 1.95 m; the maximum 
height for this scenario is 3.2 m (lower part of Fig. 12). 

 

 
 

The western coast of the strait                         The eastern coast of the strait 
 
F i g.  12. Histograms of distribution the tsunami wave maximum heights on the 3-meter isobath 
along the Kerch Strait coast near the Crimean Bridge, Scenario 1 (M = 7) – above, Scenario 2 (M = 
= 7.5) – in the middle, Scenario 3 (M = 8) – below. Red color indicates locations of the Crimean 
Bridge western and eastern pillars  

 
Fig. 13 shows a generalized histogram for all three scenarios. It can be seen 

that in the region of the western pillars of the bridge the tsunami wave heights for 
all scenarios do not exceed 0.3–0.5 m (the brown color indicates the maximum 
height of sea level rise in western and eastern bridge pillars for Scenario 1, the gray 
– for Scenario 2, the orange – for Scenario 3), and in the region of eastern pillars, 
the range of possible wave heights lies in the range 0.6–1.95 m. This data is given 
in Table 2. 

Comparison of the three scenarios showed that the maximum wave heights in 
the Kerch Strait water area were observed during the implementation of Scenario 3 
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(M = 8): they were on average 1–1.2 m higher than the corresponding values in 
the other two scenarios. 

 

 
 

The western coast of the strait                                   The eastern coast of the strait 
 

F i g.  13. Comparative histograms of distribution of the tsunami wave maximum heights along 
the Kerch Strait coast for 3 scenarios. Brown color shows locations of the Crimean Bridge western and 
eastern pillars, Scenario 1 (M = 7), grey color – Scenario 2 (M = 7.5), orange color – Scenario 3 (M = 8) 

 
T a b l e  2 

 
Wave height maximum values at the Crimean Bridge pillars 

 

Scenario number 
Maximum rise 

western pillars eastern pillars 

1 0.32 m 0.65 m 

2 0.35 m 0.70 m 
3 0.50 m 1.95 m 

 
Discussion 

The present paper aim is to obtain wave characteristics in the Kerch Strait 
water area from earthquake sources located in the southeast of the Crimean 
Peninsula, for which three scenarios were considered. Comparing the work [13] 
that was carried out earlier for hypothetical sources of earthquakes localized before 
entering the Kerch Strait, and the present work, considering seismic sources 
located in the south-west of the Crimean Peninsula, it was shown that in 
earthquakes with the same magnitudes wave heights in the strait, in particular in 
the Crimean Bridge area, have significantly different values. Thus, for example, 
the maximum wave height at the eastern pillars of the Crimean Bridge, according 
to [13], was 1.5 m, and, according to the computations presented in this work, 
the tsunami wave height from the source located in the south-west of the Crimean 
Peninsula, at the eastern pillars of the bridge is 0.5 m. However, in the event of 
a catastrophic earthquake with a magnitude of M = 8 and with a seismic source 
located in the zone of active faults of the Crimean Peninsula Earth’s crust, in 
the Kerch Strait, the possible maximum wave height in the region of the western 
pillars of the bridge is about 0.5 m, in the region of eastern pillars up to 1.9 m. 
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Numerical modeling of the historical earthquake of September 12, 1927 off 
the coast of Crimea was also carried out in [8, 9, 11]. Computations in these works 
were carried out for similar forms of the earthquake source with a magnitude of 
M = 7. Since the Crimean Peninsula coast and the northeastern part of the Black 
Sea were considered in detail in [8, 11], the purpose of the present research was to 
estimate wave characteristics in Kerch Strait water area. Here, the virtual tide 
gauges were put, for comparison, in [8] and [11] only a few points on the Crimean 
coast and only one point at the Kerch Strait (Kerch) entrance could be found. 
A comparison of the tsunami simulation results obtained in the indicated works and 
the numerical simulation carried out in this work during the implementation of 
Scenario 1 and magnitude M = 7 with a seismic source of elliptical type, localized 
in accordance with historical earthquake data, is given in Table 3. 

 
T a b l e  3 

 
Comparison of the values of the sea level maximum rise near the settlements 
on the Crimean and the Kerch Strait coasts (Scenario 1 and articles [8, 11]) 

 
 

Coastal settlement Scenario 1 Paper [8] Paper [11] 

Alupka 0.90 m 0.4 m 0.7 m 

Yalta 1.30 m 1.5 m 1.0 m 

Sudak 1.00 m 0.4 m 0.6 m 

Feodosiya 0.40 m 0.5 m 0.4 m 

Kerch 0.32 m – 0.4 m 

 
You can see that for all the items given in Table 3, the computation data are 

quite close, although for Kerch it was possible to cite only the data from [11]. 
 

Conclusion 
As follows from the computation presented in this paper, under a strong 

earthquake with a magnitude of M = 7, simulating the events of September 12, 
1927 near the Crimean coast, the height of sea level rise in the region of Yalta and 
Alushta can reach 2.5–2.7 m. The same localization of the source, but the greater 
magnitude of the earthquake (M = 7.5) and a different shape of the source (block 
source, consisting of two semi-ellipses), the height of the water rise between Sudak 
and Koktebel can reach 7 m. A catastrophic earthquake with magnitude M = 8 
(Scenario 3) was considered as a hypothetical event with the source (close 
localization to the historical 12 September 1927 earthquake) located in the zone of 
the active Earth’s crust faults in the considered water area. For this scenario, 
the obtained estimates of the maximum wave heights reached 15 m, with 
the highest values obtained for the Black Sea between Alushta and Feodosiya. 

The results of numerical simulation also demonstrate that in the region of 
the western pillars of the Crimean Bridge, the tsunami wave heights for all 
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scenarios do not exceed 0.3–0.5 m, while in the region of the eastern pillars the 
range of possible wave heights lies in the range 0.6–1.95 m. 

The presented scenarios of hypothetical tsunamigenic earthquakes in the north-
eastern part of the Black Sea demonstrate that in the event of a repeat of September 
12, 1927 with a greater magnitude of the earthquake, the infrastructure of 
the Kerch Strait, including the bridge itself, can be attacked by tsunamis of 
sufficiently high height. 
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