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Abstract

This paper studies the characteristics of storm waves in Laspi Bay (Crimean Peninsula)
using the numerical hydrodynamic model SWASH with a spatial resolution of 5 m.
The wave reanalysis data obtained from the spectral model SWAN were set as boundary
conditions. The fields of significant wave heights and wave current velocities in the bay
were analyzed for storms of various regime conditions. It was established that the maxi-
mum values in the bay could reach 2.5-3.0 m, 4.0-4.5 m, 5.0-5.5 m and 6.0-6.5 m dur-
ing storms that are possible once a year, once every 5, 10 and 25 years, respectively.
An increase in wave velocities to 1.5-3.0 m/s occurred near the coast at depths of less than
10 m during storms that are possible once every 25 years. The influence of the protective
breakwater, built in the 1980s, on the waves was local and manifested itself in the for-
mation of a shadow zone on its downwind side. The possible influence of storm waves
on the reduction of bottom vegetation in Laspi Bay was discussed. An analysis of the wave
load on the bottom of the bay showed that during periods of extreme storms in its waters,
the slopes most susceptible to the effects of waves were in the depth range from 2 to 12 m
where the kinetic energy density increased to 500-2000 J/m?. At the same time, the density
could reach 3000-4500 J/m? in the western end of the bay. The energy load values were
low in the middle part of the bay. Therefore, the disappearance of bottom vegetation here
could be not due to storm impact, but an increase in water turbidity caused by anthropo-
genic factors. The obtained results are of great practical importance for the safety of navi-
gation, engineering and exploitation of coastal infrastructure.
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AHHOTALMSA

Hccnenytorest xapakTeprUCTHKH IITOpMOBOro BoiHeHHs B Oyxre Jlactm (KpbiMckuii momy-
OCTpOB) C HCIIOJIb30BaHUEM YHCIEHHOI runpoanHamudeckoii monemm SWASH ¢ npoctpas-
CTBEHHBIM paspellieHueM 5 M. B kauecTBe IrpaHMYHBIX YCIIOBUHM 3a[al0TCs JaHHbIE peaHa-
JM3a BOJHEHMWS, MOJTydeHHBIE Ha OCHOBE CIIEKTpaibHON Momenu SWAN. AHanm3upyrorcs
TIOJIsT 3HAYMMBIX BBICOT BOJH /iy I CKOPOCTEH BOJIHOBBIX TE€UEHHH B OyXTe MpH IITOpPMax
Pa3NUYHON pPEXMMHONW 00eCHeueHHOCTH. YCTAaHOBIIEHO, YTO NMPH INTOPMAax, BO3MOXKHBIX
1 pa3 Brox, 1 pa3 B 5, 10 u 25 ner MmakcuMmaibHble 3Ha4eHUs /i; B OyXTe MOI'YT JOCTUraTh
2.5-3.0, 4.04.5, 5.0-5.5 1 6.0-6.5 M cooTBeTcTBeHHO. [IpH 3TOM IIpU MITOPMAaX, BO3MOX-
HBIX 1 pa3 B 25 jer, ycuieHne BOJIHOBBIX ckopocteit 1o 1.5-3.0 m/c mpoucxomut BOIM3H
Oepera Ha riayOnHax MeHee 10 M. BimsHMe Ha BOJIHBI 3aIIUTHOTO MOJIA, TIOCTPOSHHOTO
B 1980-X rT., sIBJIS€TCS JIOKAJILHBIM M NPOSIBISIETCS B (POPMUPOBAHUM TCHEBOH 30HBI C €TO
MOJBETPEHHOI CTOpOHBL. OOCYXHal0TCS BOMPOCH BO3MOKHOTO BIIMSHHS IITOPMOBOTO
BOJIHEHHUSI Ha COKpallleHHe IOHHOW pacTHTeNbHOCTH B Oyxre Jlacmm. AHamu3 BOJHOBOM
Harpy3ku Ha JJHO OyXThI ITOKa3ajl, 4YTO B IIEPHOJI IKCTPEMAIIbHBIX IITOPMOB B €€ aKBATOPUH
Hanbosee TOABEPKEHHBIMH BO3ACHCTBUIO BOJH OKA3bIBAIOTCS CKIIOHBI B 00JacTH ITyOHH
ot 2 1o 12 M, TAe 3HaYeHHs IUIOTHOCTH KMHETHYECKOH SHepruH yBeanuuBaroTcs 10 500—
2000 Jx/m>. Ilpu 5TOM B 3amafHOil OKOHEYHOCTH OYXTHI INIOTHOCTH MOJKET JOCTHIaTh
30004500 Jx/m>. B cpenneii yacti OyXThI 3HAYEHHS SHEPTETUYECKON HATPY3KH HEBEJMKH.
[ToaToMy K MCUE3HOBEHHIO 37IECh JOHHON PACTUTEIHHOCTH MOTIJIO IPHBECTH HE HITOPMOBOE
BO3JIeiiCTBHE, @ yBEIWYEHHEe MYTHOCTH BOJIbl, BHI3BAHHOE AHTPONOTEHHBIMH (DaKTOpaMH.
[onyueHHble pe3ysibTaThl UMEIOT OOJBIIOE MPAKTHYECKOE 3HA4YEHUE Ul Oe30MacHOCTH
MOpeIUIaBaHus, IPOSKTHPOBAHUS U IKCIUTyaTallui 00BEKTOB OeperoBoil HHPPaCTPYKTYPBHI.

KuroueBblie ciioBa: BeTpoBoe BosiHeHHE, UepHoe Mmope, FOxHbiii Oeper Kpeima, Oyxrta
Jlacnu, yncnennoe MmoaenupoBanue, SWASH

Baaronapuocru: pabota BeimonHeHa B pamkax TeMbl M1 Ne FNNN-2021-0005 «Ilpu-
OpesKHBIEe UCCIIEIOBaHM». PacdeTs IPpOBOIIUTICH HA BRIYUCIUTENEHOM Kilactepe MIU.

Jas uutupoBanus: berokouwv A. FO., @omun B. B. XapaKTepHCTUKU MITOPMOBOTO
BonHeHus B Oyxte Jlacu (UepHOE MOpe) 1O pe3ysibTaTaM YHCICHHOTO MOJETUpOBaHUSA //
Dkoornyeckast 6€30MacHOCTh MPUOPEKHON U 11eTbPOBOI 30H Mopst. 2024, Ne 2. C. 60-75.
EDN PMPNVZ.

Introduction

In the last decade, many areas of the Southern Coast of Crimea (SCC) have
been actively working on design, reconstruction of existing ones and construction
of new coastal protection structures for the development of recreational activities.
Regime and climatic information on wind waves and wave currents with high spa-
tial resolution is necessary to carry out these works. Laspi Bay is one of such areas
of the SCC.
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Laspi Bay is one of the warmest areas of the SCC [1]. This is an open bay
located between Cape Aya and Cape Sarych with the length of its coastline of
about 4 km. The Laspi Bay area is aesthetically significant and attractive for
the development of recreational activities [2].

The shores of the bay are of the abrasion and abrasion-landslide types,
for which gravitational processes are well developed. The coast is formed by
a fairly wide, about 20 m, pebble beach. To the west and south, small beaches
alternate with piles of blocks. Low cliffs are located near the shores of the bay [1].
The underwater slope is deep, its most part is pronounced block bench, which
drops steeply to a considerable depth. The central part of the bay is a sloping plain
with sand and silt deposits [3]. In the coastal zone from Cape Aya to Cape Sarych,
stable alongshore anticyclonic currents with velocities of up to 0.6 m/s are formed
for most of the year. The hydrological regime of Laspi Bay is determined
by the influence of these currents, influx of deep waters into surface layers during
surge phenomena and water exchange with the open sea [4].

In 1983, as field studies showed [5], Laspi Bay was in a natural or close to
natural state, in which the ecological balance of the coastal zone was maintained.
The bay was characterized by an abundance of unique habitats of bottom vegeta-
tion — Cystoseira, phyllophora, eelgrass.

In the late 1980s, a hydraulic structure was built in the eastern part of Laspi
Bay, which partially blocked the coastal sediment flows at its top [6]. In 2009,
the Dream Bay hotel complex was built in the southeastern part of the bay.
The construction was accompanied by large-scale coastal protection works which
led to a change in the configuration of the coast and the underwater coastal slope.
However, the embankment and breakwater wall of the complex were partially
destroyed after the first strong storms [7]. Anthropogenic impact has led to addi-
tional influx of terrigenous material and its sedimentation in the coastal area [2].
As is known [8], the construction of hydraulic structures can lead to disruption of
the hydrodynamic regime and changes in areas of abrasion and accumulation.
Thus, studies in the Peter the Great Gulf (Sea of Japan) showed [8] that the con-
struction of hydraulic structures had led to a significant reduction in bottom vegeta-
tion in the coastal zone.

The construction of a protective breakwater in Laspi Bay and the destruction
of its coastal slope as a result of active coastal development could cause a disrup-
tion of the hydrodynamic regime of the bay, which, in turn, led to the erosion of
pebble bench and additional influx of terrigenous material formed due to con-
struction [2]. During the study at the bay top in 1998, silt and sandy bottom
sediments were discovered starting at a depth of 3 m [6]. The bay, which in the 1980s
was a model of the natural ecosystem of the Black Sea, has lost this status.
A bottom natural complex devoid of vegetation has been formed in its central part
[9]. Over a period of more than 30 years, the bay has undergone significant structural
changes in the vegetation species composition and changes in the configuration
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of coastal boundaries [10]. In general, the stocks of macrophytobenthos in the bay
decreased by 1.5 times, phyllophores — by 35 times and Zostera — by 4 times during
this period [9].

The formation of the bottom natural topography of Laspi Bay could be influ-
enced by both economic activity on the coast and natural factors. In terms of
climate, the rise of the Black Sea level leads to an increase in depth near the coast
and increases the influence of waves on it [11]. The average annual storm activ-
ity in the Black Sea increased by 10-15% for the period of 1991-2016 [12].
An extreme storm that occurred in November 2007 could also contribute to the par-
tial destruction of the bay bottom vegetation. This assumption is supported by the fact
that vegetation was completely destroyed at depths of up to 10 m during an ex-
treme storm in the area of Karadag in 1992 [9]. Such consequences can be ex-
plained by the fact that strong bottom wave currents and intense turbulent mixing
create movements in the upper layers of the bottom soil during storms and the
plants rooted here are gradually washed out of it [8, 13].

Taking into account the above, this work aims at studying the wave regime of
Laspi Bay and the degree of its influence on the phytocenosis of bottom vegetation.
It should be noted that such studies have not been conducted to date.

The objectives of the work included obtaining and analyzing fields of wave
heights and wave current velocities in Laspi Bay during storms of various regime
conditions. The calculations were carried out taking into account the protective
breakwater built in the late 1980s and without regard to it. The obtained wave
characteristics can be used in developing recommendations for economic activities
in the bay water area and assessing the influence of storm waves on the bottom
vegetation phytocenosis.

Mathematical model and input data

Modeling of wave fields in the Laspi Bay waters was carried out with a two-
dimensional version of the numerical wave model Simulating WAves till SHore
(SWASH) [14]. The model makes it possible to carry out calculations of hydrody-
namic fields in the coastal zone in a wide range of spatial and temporal scales, tak-
ing into account nonlinearity, refraction, diffraction and reflection of waves. The
initial equations of the model are as follows:
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Here, ¢ is time; x, y are Cartesian coordinates; axis z is directed upwards; (x, y, ?) is
deviation of free surface from undisturbed level; 4 = d + { is total depth equal to
the sum of free surface deviation and depth d in the undisturbed state of liquid;
u and v are x and y velocity components averaged by depth; ¢(x, v, z, ) is non-
hydrostatic pressure; g is gravity acceleration; ¢, = gm*/h' is bottom friction coef-
ficient, m is Manning’s roughness coefficient; Ty, Ty, Tyx, Ty are turbulent stress
tensor components; v; is horizontal turbulent viscosity coefficient.

A rectangular computational grid of the bay water depths with a resolution of
5 m obtained on the basis of digitizing navigation charts was used for the numerical
solution of system of equations (1)—(3). The dimensions of the computational do-
main were 3500 x 2500 m. To optimize the numerical algorithm, a coordinate sys-
tem was used with the x axis directed from northwest to southeast (Fig. 1).

At the seaside boundary of the computational domain (at y = 0), significant
wave height As and average wave period T, which could occur once every n years,
were specified. These parameters were obtained based on wave reanalysis data
for the period 1979-2021 using the spectral model SWAN [15, 16] (Table 1).

Fig. 1. Bottom topography of the calculation area (avai-
lable at: https://www.google.com/maps/@44.3927988,33.
7329232,12998m/data=!3m1!1e3?entry=ttu
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Table 1. Wave parameters

T,year | h,m | h,m s
1 33 52 93
5 4.1 6.5 10.1 Note: Average wave he.ight_l?, signiﬁCfmt wave h.eight
hs and average wave period T in the seaside of Laspi Bay
10 4.5 7.1 10.5 at a depth of 65 m, possible once a year, once every 5, 10
25 50 79 111 and 25 years according to retrospective calculations of
’ : : waves in the Black Sea for the period 19792021 [15, 16].

At the liquid lateral boundaries of the computational domain (at x = 0 and
x = 2500 m), the radiation condition was set. The horizontal turbulent viscosity coef-
ficient was determined using the Smagorinsky formula with constant C = 0.2. Man-
ning’s roughness coefficient is m = 0.022 s/m'”. The integration time step was 0.05 s.

Results of modeling and discussion

As a result of numerical experiments, significant wave heights and wave cur-
rent velocities in Laspi Bay during storms of various regime conditions were ob-
tained. Calculations were carried out taking into account the protective breakwater
and without regard to it. Wave fields were constructed based on numerical mod-
eling data averaged over 100 periods of the incoming wave (~ 20 min). In each
calculation node, the significant wave height was calculated using the following

formula: 4, = 4/D , where D is free surface elevation variance C.

As a result of the analysis of spatial structure /4, it was found that during storms
possible once a year, once every 5, 10 and 25 years, significant wave heights can
reach 2.5-3.0, 4.04.5, 5.0-5.5 and 6.0-6.5 m, respectively (Figs. 2 and 3). When
comparing the calculation results obtained taking into account the protective
breakwater and without regard to it, it is clear that the structure has a local influ-
ence on wave dynamics. Near the breakwater, on its downwind side, a shadow zone
of about 90 x 110 m is formed. Significant wave heights in this zone were 0.9 and
1.8 m during storms possible once a year and once every 25 years, respectively. Dur-
ing a storm possible once a year, the waves on the downwind side of the breakwater
are 3.5—4 m high. In the case of a storm possible once in 25 years, the wave heights
were 4-6 m, and in the wave shadow zone the wave heights decreased to 1.5-2.0 m.

The wave current patterns during storms of various regime conditions in Laspi
Bay are considered. Figs. 4 and 5 show velocity and direction of wave currents
in the bay during storms possible once a year and once every 25 years. It is evident
that the zones of maximum wave velocities are located along the lateral boundaries
of the bay. During a storm possible once a year, the values of wave velocities were
0.5-1.5 m/s at depths of less than 10 m. During storms possible once every 25 years,
the velocities can increase to 1.5-3.0 m/s in these zones and the wave velocities do
not exceed 1 m/s in the shadow zones. Thus, the construction of the protective
breakwater in Laspi Bay led to a decrease in wave velocities in the eastern part of
its top. The breakwater leads to a decrease in wave velocities in the shadow zone
by 46 times.
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0 500 1000 1500 2000

Fig. 2. Significant wave heights in Laspi Bay for storms
possible once a year: without taking into account the hy-
draulic structure (@); taking into account the hydraulic
structure (b)
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Fig. 3. Significant wave heights in Laspi Bay for storms
possible once every 25 years: without taking into account
the hydraulic structure (a); taking into account the hydrau-
lic structure (b)
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Fig. 4. Wave currents in Laspi Bay for storms possible
once a year: without taking into account the hydraulic struc-
tures (a); taking into account the hydraulic structure ()
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Fig. 5. Wave currents in Laspi Bay for storms possible
once every 25 years: without taking into account the hy-
draulic structures (a); taking into account the hydraulic
structure (b)
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An assessment of the wave load on the bottom of Laspi Bay was carried out.
For this purpose, the density fields of kinetic energy of the waves E were calculat-
ed. Fig. 6 shows the distribution of kinetic energy density in the bay during a storm
possible once in 25 years. As can be seen, the intensity of the influence of wind
waves increases as the depth decreases. In areas with depths of 10-20 m through-
out the entire Laspi Bay water area and in shallower areas at its top, where
the depth increases relatively smoothly, the kinetic energy density does not exceed
300 J/m®. The same density values are typical for the central part of the bay down
to depths of 35 m. Steep slopes are located almost along the entire perimeter of
the bay at depths of 2—7 m. Here, the kinetic energy density increases to 500—
2000 J/m*® and it can reach 3000—4500 J/m® in the western end of the bay.

Fig. 6 highlights in bold the sections where the study of the bottom topography
of Laspi Bay was carried out [2]. The sections are located perpendicular to the shore
and cover all types of landscape identified in the bay. Section I is located in the west-
ern part of the bay, section Il connects the top and the middle of the bay, sec-
tions III and IV are located in the eastern part of the bay. Concerning these sec-
tions, kinetic energy density profiles were obtained for a storm possible once
a year, once every 5, 10 and 25 years (Figs. 7-9). These figures also show
the bottom topography for each section, and the types of landscapes studied in [2]
are indicated by numbers.

Fig. 7 shows kinetic energy density distribution and bottom topography for sec-
tion L. It is evident that the energy loads for the storms under consideration are insig-
nificant near the shore itself, where the block bench is located (number / in Fig. 7)
[2]. With increasing depth, they increase sharply and reach a maximum value
at a distance of about 15 m from the shore at depths of 2—7 m. In this area, a steep
underwater abrasive coastal slope is located where Cystoseira dominates (number 3
in Fig. 7) [2]. During storms possible once a year, the maximum wave load is
~ 500 J/m®; once every 5 years — ~ 1000 J/m?; once every 10 years — ~ 1300 J/m?;
once every 25 years — about 1700 J/m’. Then, at a distance of 30 m or more from
the shore, at depths of 7-12 m, a gradual decrease in the energy load by 2—3 times
occurs. Here, the underwater coastal abrasion slope with a predominance of Cys-
toseira and Zostera marina species extends (number 4 in Fig. 7) [2]. At depths
greater than 12 m, the energy load effect is insignificant.

The energy load for section II, which is located at the Laspi Bay top, is mini-
mal along the entire profile (Fig. 8). This is due to the small slopes of the bottom,
as a result of which the dissipation of wave energy occurs at a fairly large distance
from the shore.

For sections III and IV (the eastern part of the bay) (Fig. 9), the energy load is
insignificant near the shore, then it increases to its maximum at depths of 2—6 m,
where also a fairly steep underwater slope with a predominance of Cystoseira is
located (number 3 in Fig. 9). For section III, in case of storms possible once a year,
the maximum energy load is about 500 J/m?; during storms possible once every
5, 10, 25 years, it reaches 1100, 1300, 1600 J/m’, respectively. For section IV,
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Fig. 6. Distribution of kinetic energy density in Laspi
Bay for a storm possible once every 25 years: without
taking into account the hydraulic structures (a); taking
into account the hydraulic structure (b). Numbers -1V
indicate section numbers [2]
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Fig. 7. Profiles of kinetic energy den-
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natural complexes from [2]
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Fig. 8. Profiles of kinetic energy density (a) and
bottom topography (b) for section II. The numbers in-
dicate bottom natural complexes from [2]
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the wave load decreases significantly, with 150 J/m’ once a year and 500, 550,
700 J/m® once every 5, 10, 25 years, respectively.

Analysis of all obtained profiles of the kinetic energy density of waves
(Figs. 7-9) shows that the wave load increases with distance from the shore reach-
ing maximum values in the depth range of 2—7 m. Then, at depths of 7-12 m,
a gradual decrease in wave load is observed. At depths greater than 10—-12 m, wave
load decreases sharply. The highest wave load values were obtained for sections I
and III where they amounted to about 1600-1700 J/m®, and slightly lower values
were found in section IV (about 700 J/m?®). The minimum wave load values were
obtained for section II where they did not exceed 50 J/m’.

It can be concluded that during periods of extreme storms in the waters of
Laspi Bay, the strongest wave effect occurs at depths of up to 10—12 m near coastal
slopes with fairly steep bottom slopes. The middle part of the bay, devoid of bot-
tom vegetation, is shallow, but is not subject to intense wave effect. It appears that
the reason for the disappearance of bottom natural complexes in this area can be
an increase in water turbidity caused by an increase in the influx of finely dispersed
fractions due to anthropogenic impact on the shores of the bay.

E, J/m3 E, J/m3
a _ C _
— once a year [ [
—— once every 5 years 1600 1600
—— once every 10 years B B
—— once every 25 years — 1200 — 1200
— 800 — 800
___/ = A\_ "
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[ T | T T T T T T T T T
b H,m d H, m
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— - 8 | _ 8
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Fig. 9. Profiles of kinetic energy density (a) and bottom topography (b)
for section III; profiles of kinetic energy density (¢) and bottom topography (d)
for section I'V. The numbers indicate bottom natural complexes from [2]
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Conclusion

Calculations of wave fields for the Laspi Bay water area were performed
with the numerical model SWASH. Data obtained from wave reanalysis were
specified at the boundary of the computational domain. As a result of numerical
experiments, significant wave heights and wave current velocities were obtained
for storms that are possible once a year, once every 5, 10, 25 years in Laspi Bay.
The calculations were carried out taking into account the protective breakwater
built in the late 1980s and without regard to it.

During storms possible once a year, once every 5, 10 and 25 years, significant
wave heights in the bay can reach 2.5-3.0, 4.0-4.5, 5.0-5.5 and 6.0—6.5 m, respec-
tively. The zones of maximum wave velocities are located along the lateral bound-
aries of the bay. During storms possible once every 25 years, the increase in veloci-
ties to 1.5-3.0 m/s occurs along the coast at depths less than 10 m. Maximum wave
loads on the bottom occur at depths of 2—7 m.

An assessment of the wave load on the Laspi Bay bottom showed that during
storms of various regime conditions, the coastal slopes in the depth range from 2 to
12 m, where the kinetic energy density values increased to 500-2000 J/m®, were
most susceptible to wave effect. At this, the density can reach 3000-4500 J/m’
in the western end of the bay. In the middle part of the bay, the energy load values
are small. Therefore, the disappearance of bottom vegetation here could be not due
to storm impact, but an increase in water turbidity caused by anthropogenic factors.

REFERENCES

1. Goryachkin, Yu.N. and Dolotov, V.V., 2019. Sea Coasts of Crimea. Sevastopol:
COLORIT, 256 p. (in Russian).

2. Pankeeva, T.V., Mironova, N.V. and Parkhomenko, A.V., 2019. Bottom Natural Com-
plexs of Laspi Bay (Black Sea, Sevastopol). Geopolitics and Ecogeodynamics of
Regions, 5(4), pp. 319—332 (in Russian).

3. Pankeeva, T.V. and Mironova, N.V., 2018. Organization and Optimization of the Ter-
ritorial Structure of the Nature Reserve (Zakaznik) "Laspi" (Sevastopol). Biota and
Environment of Natural Areas, (4), pp- 124-139 (in Russian).

4. Atsikhovskaya, Zh.M. and Chekmenyova, N.I., 2002. Water Dynamic Activity Estima-
tion in the Laspi Bay Area (the Black Sea). Ecology of the Sea = Ekologiya Morya, 59,
pp. 5-8 (in Russian).

5. Kalugina-Gutnik, A.A., 1989. Variations in the Species Composition of Phytobenthos
in the Laspi Bay over 1964-1983. Ecology of the Sea = Ekologiya Morya, 31, pp. 7-12
(in Russian).

6. Pankeeva, T.V. and Mironova, N.V., 2019. Spatiotemporal Changes in the Mac-
rophytobenthos of Laspi Bay (Crimea, Black Sea). Oceanology, 59(1), pp. 86-98.
https://doi.org/10.1134/S0001437019010168

7.  Goryachkin, Yu.N., 2016. Coast Protections of Crimea: South Coast. Hydrotechnika,
3(44), pp. 34-39 (in Russian).

8. Preobrazhensky, B.V., Zharikov, V.V. and Dubeikovsky, L.V., 2000. Basics of
Underwater Landscape Studies (Management of Marine Ecosystems). Vladivostok:
Dalnauka, 352 p. (in Russian).

74 Ecological Safety of Coastal and Shelf Zones of Sea. No. 2. 2024



9. Mironova, N.V. and Pankeeva, T.V., 2018. Long Time Changes of Spatial Distribution
of Phytomasses Stock of Seaweeds in the Laspi Bay (the Black Sea). Ekosistemy, 16,
pp. 3346 (in Russian).

10. Pankeeva, T.V., Mironova, N.V. and Novikov, B.A., 2020. Experience in Mapping
Bottom Vegetation (for Example of Laspi Bay, Black Sea). Geopolitics and Ecogeody-
namics of Regions, 6(4), pp. 154-169. https://doi.org/10.37279/2309-7663-2020-6-4-
154-169

11. Goryachkin, Yu.N. and Ivanov, V.A., 2006. [Black Sea Level: Past, Present and
Future]. Sevastopol: MHI NAS of Ukraine, 210 p. (in Russian). EDN XXXSRN.

12. Divinsky, B.V. and Kos'yan, R.D., 2016. The Black Sea and Sea of Azov Wave Re-
gime: Results of Numerical Simulation. Ecological Safety of Coastal and Shelf Zones
of Sea, (1), pp. 14-21 (in Russian).

13. Denny, M., 1995. Predicting Physical Disturbance: Mechanistic Approaches to
the Study of Survivorship on Wave-Swept Shores. Ecological Monographs, 65(4),
pp. 371-418. https://doi.org/10.2307/2963496

14. Zijlema, M., Stelling, G. and Smit P., 2011. SWASH: An Operational Public Domain
Code for Simulating Wave Fields and Rapidly Varied Flows in Coastal Waters. Coastal
Engineering, 58(10), pp. 992—1012. https://doi.org/10.1016/j.coastaleng.2011.05.015

15. Divinskii, B., Fomin, V., Kosyan, R. and Lazorenko, D., 2019. Maximum Waves
in the Black Sea. In: E. Ozhan, ed., 2019. Proceedings of the Fourteenth International
MEDCOAST Congress on Coastal and Marine Sciences, Engineering, Management
and Conservation. MEDCOAST 2019, 22-26 October 2019, Marmaris, Turkey. Ortica,
Migla, Turkey: Mediterranean Coastal Foundation. Vol. 2, pp. 799-810.

16. Divinsky, B.V., Fomin, V.V., Kosyan, R.D. and Ratner, Y.D., 2020.
Extreme Wind Waves in the Black Sea. Oceanologia, 62(1), pp. 23-30.
https://doi.org/10.1016/j.oceano.2019.06.003

Submitted 12.01.2024; accepted after review 30.01.2024;
revised 27.03.2024; published 25.06.2024

About the authors:

Aleksandra Yu. Belokon, Research Associate, Department of Computational Technolo-
gies and Computational Modeling, Marine Hydrophysical Institute of RAS (2 Kapitanskaya
St., Sevastopol, 299011, Russian Federation), Ph.D. (Phys.-Math.), ORCID ID: 0000-0002-
1299-0983, ResearcherID: M-6839-2018, alcksa.44.33@gmail.com

Vladimir V. Fomin, Chief Research Associate, Head of Department of Computational
Technologies and Computational Modeling, Marine Hydrophysical Institute of RAS
(2 Kapitanskaya St., Sevastopol, 299011, Russian Federation), Dr.Sci. (Phys.-Math.),
ORCID: 0000-0002-9070-4460, ResearcherID: H-8185-2015, v.fomin@mhi-ras.ru

Contribution of the authors:

Aleksandra Yu. Belokon — review of the literature on the research problem, processing
and description of the research results, writing the text of the article

Vladimir V. Fomin — performing numerical experiments, analyzing modeling results,
writing the text of the article

All the authors have read and approved the final manuscript.

Ecological Safety of Coastal and Shelf Zones of Sea. No. 2. 2024 75


mailto:aleksa.44.33@gmail.com



