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Abstract

The paper describes the geoinformation software developed for automated formation of
an array of input parameters necessary to assess the direction and relative intensity of
alongshore sediment flows using the wind energy method. This method establishes a direct
relationship between the energy of wind action on the water surface and the intensity of
sediment movement. The method can be applied to calculations for shallow and relatively
straight coastal sections with sand and gravel deposits. As input parameters, the software
uses information about both the wind direction and speed, as well as the length of the wave
acceleration along the sectors of different directions and the average depth along the accele-
ration rays. These parameters are individual for each segment of the approximation of
the study coast section. The possibility of using wind data as the only parameter
characterizing the driving force provides an advantage when using the method to conduct
preliminary and reconnaissance assessments of the structure and main parameters of sediment
movement in the areas that are poorly studied or not covered with disturbance data.
The basics of the method were developed in the absence of computer technology. Therefore,
the considerable complexity of preparing regional data limited the possibility to detail
the coastline when approximating it by a piecewise linear function. The same limitation
was imposed on the number of sectors in the wind direction when calculating the energy
interpreted as a sediment movement force. The development and availability of modern
geoinformation technologies in terms of creating new digital models of the bottom relief
or using existing ones predetermined that the authors develop a modified version of
the calculation scheme of the wind energy method and a specialized software tool
to automate the preparation stage of a set of regional input parameters. The software allows
to significantly accelerate preparation of digital data arrays to clarify the structure of
sediment flows for extended sections of the coastal zone of Western Crimea.
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AHHOTAUMSA

OnuchIBaIOTCS Pe3yNIbTaThl Pa3padOTKK reOMH(pOPMALMOHHOTO TPOrPAMMHOT0 HHCTPYMEHTA,
NpeaHasHa4YCHHOI'o JId aBTOMATU3UPOBAHHOTO q)OpMI/IpOBaHI/IH MacCuBa BXOIHBIX
mapamMeTpoB, HeO6XOI[I/IMI)IX JJIA OLICHKH HaIllpaBJICHUA U OTHOCHUTEJIBbHON MHTEHCUBHOCTH
BIOJIEOCPETOBBIX MOTOKOB HAHOCOB C KCIOJIB30BAHHEM BETPOIHEPTETHUECKOTO METOJA.
Yka3aHHBIA METO/ YCTAHABIMBACT HEMOCPEACTBEHHYIO CBS3b MEXKIY dHEPrHeil BETPOBOTO
BO3JICHCTBHsI HA BOJHYIO MOBEPXHOCTh M MHTEHCHBHOCTHIO IEpEMElIeHHs HaHOCOB. Ero
MPUMEHEHHE KOPPEKTHO B CIIy4ac BBIMOJHEHUS! PACYETOB ISl OTMENBIX U OTHOCHTENHHO
MPSMOJIMHEHHBIX YIaCTKOB OEpEeroBoii 30HbI C MECYaHO-TPABUIHBIMU HAHOCAMH, MIPU ITOM
B Ka4eCTBE BXOJHBIX MMApaMETPOB HCIONb3YyeTCsl HH(OpMALUS O HATIPABICHUU U CKOPOCTH
BETpa, a TAKKe JUIHHA Pa3rOHA BOJHEHHS 110 CEKTOPAM Pa3JIMYHOTO HAMPABICHUS U CPEIHSISL
rIyOMHa 1O JlydaM pasroHa. YKa3aHHBbIE IapaMeTphl SBISIIOTCS WHIUBUIYaJbHBIMU
JUTS KQXKIOTO OTpe3Ka almpOKCHMAIUU UCCIICAYEMOr0 Y4acTKa moOepeknsi. Bo3aMOXKHOCTh
HCIIOJIb30BaHMs JAaHHBIX O BETPE KaK O E€IUHCTBEHHOM IapaMeTpe, XapaKTepU3yroleM
BBIHYXJIAKOMYO CHJY, OPEAOCTABIACT NMPCUMYIICCTBO NPU HCHOJB30BAHUU MCTOOA
UL IPOBCACHUA NPEABAPUTCIIBHBIX 1 PEKOTHOCHUPOBOYHBIX OLICHOK CTPYKTYPhI U OCHOBHBIX
apaMeTpoB JBUKCHHUSI HAHOCOB B MaJIOU3YYEHHBIX U HE 00ECTICUCHHBIX TJAHHBIMU O BOJIHEHHU
paifonax. OCHOBBI MeToJa pa3pabaThIBAIUCh B YCIOBHSX OTCYTCTBHUSI BBIYHCIUTEIHHOM
TEXHHUKHU, IOITOMY 3HAYUTEIbHAS TPYAOEMKOCTh MOATOTOBKH PETHOHANBHBIX JaHHBIX
HaKJIaJ(bIBaa OIPAHUYCHUS HAa BO3MOXKHOCTH JeTanu3anuu OeperoBoil JIMHUU mpH ee
anmnpoOKCHUMAIMU KyCOYHO-JTHHEHHOU QyHKIHei. To e orpaHrYeHne HaKIabIBaIoCh
¥ Ha KOJMYECTBO CEKTOPOB 10 HAMPABICHUIO BETpa MPH MOJICYETE IHEPTUH, HHTEPIIPE-
TUPYEMOH B KaueCTBE HAHOCOJBWXKYLICH CHibl. Pa3BUTHE U JOCTYIIHOCTh COBPEMEHHBIX
FeOI/IH(bOpMaI_II/IOHHI)IX TEXHOJOTHWH B YacTH CO31aHHUA HOBBIX HI/I6O HCIIO0JIb30BAHUA YIKE
CYIIECTBYIOIIUX IIH(POBBIX MOIEINEeH pesbeda THA MOCITYKUIIN MPEIIOCHUIKON K pa3paboTke
ABTOpPaMH MOM(HUIIUPOBAHHOTO BAPHAHTA PACYETHOM CXEMBI BETPOIHEPIETHYECKOTO METO/IA
" CIICHTUAIIM3UPOBAHHOI'O IPOTrPpaMMHOT'0 MHCTPYMCHTA JIJIs1 aBTOMATHU3allluu STara noAroToBK1U
HabOpa pErHOHATBHBIX BXOJHBIX MAapaMeTpoB. IIpakTHueckoe ero NpuMeHEHNE MO3BOJIHIO
3HAYUTEIBHO YCKOPHUTH MPOIECC MTOATOTOBKH U(PPOBBIX MACCUBOB JAAHHBIX JUIS YTOYHEHHS
CTPYKTYpPbI MOTOKOB HAHOCOB ISl MPOTSDKEHHBIX YYaCTKOB OeperoBoil 30HBI 3amaHoro
Kpeima.

KiroueBble c1oBa: BIOIB0EPETrOBBIE OTOKH HAHOCOB, BETPOIHEPIETHUECKUH METOJ,
BETpO-BONIHOBOH pexuM, [MIC, nuroaumHamMudeckue Mpolecchl, OeperoBas 30HA MOps,
prOpesKHast 30Ha, aBTOMATH3alUs pacyeTOB
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Introduction

The study of lithodynamic processes in the coastal zone of the sea is one of
the most important and relevant areas in the development of scientific research
in the coastal zone of the seas, which is reflected in a variety of both classical 1 ?
[1, 2] and modern ¥ [3-5] publications. This is stipulated by the urgent need to use
the results of such research when studying the state of sea coasts and forecasting
trends in their development, manifested both in natural conditions and under
various scenarios of anthropogenic impact. Such results are especially important
when implementing projects of large-scale technogenic transformation of the coastal
zone, aimed at preserving coastal areas in use and infrastructure facilities located
on them. The projects for the development of new promising regions of the Russian
Federation, which primarily include hard-to-reach areas on the Arctic and Far East
coast, can serve as one more example.

In such cases, the main direction of engineering surveys is to identify and
clarify the qualitative and quantitative characteristics of the coastal topography
transformation in the work area at various spatial and temporal scales under
the influence of natural and anthropogenic factors. At the same time, at the initial
stages of planning and feasibility studies of projects, it is often necessary to obtain
information about the main cause-and-effect relationships between the wind-wave
regime and the longshore movement of sediments within the boundaries of a separate
coastal section in a short time.

In the absence of the required amount of field observation data, it is now
possible to use methods based on simplified empirical and semi-empirical relation-
ships so that to obtain the required preliminary information with a minimum set of
input parameters promptly and to solve such problems 4. Most of such methods
were developed before the implementation of computer technology. However, they
are still relevant today. Thus, the research is conducted, primarily aimed
at calibrating coefficients while maintaining the basic calculation formulas [6].

) Zenkovich, V.P., 1962. [Fundamentals of Theory of Marine Coasts Development]. Moscow: Nauka,
710 p. (in Russian).

2 Longinov, V.V., 1963. [Dynamics of the Coastal Area of Tideless Seas]. Moscow: 1zd-vo Akademii
Nauk, 379 p. (in Russian).

3 CERC, 1984. Shore Protection Manual. Vicksburg: Coastal Engineering Research Center. Vol. II.
652 p.

4 Production and Research Institute for Engineering Survey for Construction, 1975. [Manual
on Methods for Investigations and Calculations of Sediment Transport and Coastal Dynamics
in Engineering Surveys]. Moscow: Gidrometeoizdat, 239 p.
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The development and availability of digital technologies, especially in terms
of creating new digital models of the bottom relief or using existing ones,
predetermined that the authors develop a modified version of the calculation
scheme of the known wind energy method (WEM). Subsequently, it resulted
in a specialized software tool to automate the preparation stage of a set of regional
input parameters.

The paper is aimed at the development of software algorithms and a simple
tool for spatial calculations of coefficients determined by the influence of external
conditions on the characteristics of sediment flows.

Materials and methods of research

Hydrometeorological methods should be highlighted among the calculation
methods for the operational assessment of the direction and intensity of sediment
flows, which determine the main trends in the topography transformation of
the coastal zone relief [9]. Based on the results of a large number of studies and
field observations, they are successfully used in order to solve practical issues
related to the implementation of coast protection, construction of hydraulic structures,
maintenance of port water areas and approach channels. As a rule, such geomor-
phological characteristics of the study area as bottom topography, coastline detail
and particle size distribution of offshore sediments, influence the choice of a specific
calculation scheme.

In shallow and relatively straight coastal sections with sand and gravel
deposits, the WEM, which was proposed in the 1930s ¥ © and was subsequently
developed and improved 7> ¥, is recommended for usage [7-9]. This method
establishes a direct connection between the energy of wind action on the water
surface and the intensity of sediment movement. The calculation scheme is based
on the summation of energy transferred to the aquatic environment under winds of
different directions relative to the coastline orientation. In this case, the entire range
of wind directions is divided into separate sectors, for each of which the general
expression for the transmitted energy is written in the following form:

e=p-w-D" (1)

where p — wind frequency within a sector (in relative units or percentage);
W — average wind speed; D — length of wind acceleration over the water surface;

) Munch-Petersen, 1., 1933. [Sediments Transport Along Shores of Tideless Seas. Conference Report].
In: LGGI, 1933. Proceedings of the 4th Hydrological Conference of Baltic Countries. Leningrad:
LGGI, 17 p. (in Russian).

9 Glushkov, V.G., 1934. [Role of Wind Influence, Migration Vector, Sediment Transport Vector
and Drag Vector]. In: LGGI, 1934. Za Ratsionalizatsiyu Gidrologii. Leningrad: LGGI, pp. 13-27
(in Russian).

7 Knaps, R.Ya., 1962. [Hydrometeorological Method for Characterising the Movement Regime
of Sand Sediments]. In: Mintransstroy, 1962. [Technical Guidelines for the Design of Offshore
Shore Protection Structures on Sandy Shores. VSN 80-62]. Moscow: Orgtransstroy (in Russian).

® Shishov, N.D., 1956. [Method for Calculating Capacity and Flow of Sand Sediments in Seas and
Large Lakes]. In: SoyuzmorNlIlproekt, 1956. Trudy SoyuzmorNllproekta. Moscow: Morskoy
Transport, iss. 3, pp. 45-56 (in Russian).
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n and m — exponents that can vary in different conditions. In the standard version,
it is recommended to use sectors within the boundaries of geographic points
(through 45°) or half-points (through 22.5°) and to enter the point sector completeness
coefficient to calculate e values. The acceleration length is determined by the limit
value calculated according to the relation Dy = 0.8 W2,

It is possible to apply several variants of calculation formulas built on the basis
of expression (1), the most common of which are those given in [7, 9]. In this case,
exponent # is set as equal to two or three by different authors, and exponent m is
usually equal to 1/3. The energy dimension e is given by all authors in conven-
tional units.

Without going into the details of the method, which are discussed in a number
of works, such as [10, 11], it is possible to organise the information described
above as follows.

The currently used WEM is quite simple, and the main obstacle to its operational
use is the large volume of pre-prepared data characterized by the homogeneous
tabular format. Based on the general approach, the coastline of the study area is
approximated by a set of straight segments, from the middle of which a number
of rays are drawn towards the sea in directions from the normal to the shore up to
120° in both directions every 5 or 10° until intersecting with the opposite shore or,
in some cases, with the border of the map. The adopted step is designed to use data
from direct measurements of wind speed, based on the fact that the directional error
is 5-10° for most modern instruments. After this, if data on the bathymetry of
the adjacent sea region is available, the vertical depth profile along each of the rays
is determined. Thus, the spatial resolution of the bathymetry data affects the accuracy
of subsequent calculations. Therefore, the total number of tables with data for
calculation is m - n, where m — number of rays equal to 25 when their interval is 10°
and 49 when their interval is 5°; n — number of approximated coastline segments.

This marks off the direct work with the tool. According to the above sources,
further steps involve geometric summation of longshore components calculated
for all active sectors. Based on the summation results, vectors that characterize
the direction and relative intensity of longshore sediment flows at each segment
within the boundaries of the coastal section under study, are constructed. Similar
results have been repeatedly published in the public domain and are not considered
in this paper.

Main results

In order to automate the entire complex of time-consuming work on preparing
input data for the WEM, the authors created a specialized software tool based
on the use of GIS technologies. The main task of the tool is to calculate the lengths
of the wind acceleration rays above the sea surface and the average depths along
the bottom profile for each segment of the coastline approximation.
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In this case, depth arrays of varying granularity and coastline detail covering
the study area are used as initial data. Taking into account the characteristics of
the source data, the information structures presented by Golden Sofiware, an American
company, in the form of contour files (BLN) and regular spatial grid arrays (GRD)
were chosen as the main formats. In fact, the GRD is a digital elevation model
(DEM) of the bottom surface. A description of the structure of these arrays is
on the open Internet and free to download from it ?. Herewith, all operations
with the described tool consist of loading pre-prepared regional arrays and
indicating the geographic coordinates of the middle of the coastline approximation
segment.

In the version of the tool developed for the Windows operating system,
the interface is traditionally made in a windowed version for visualizing
the cartographic basis of the data with the placement of management tools
in the form of a menu and information board (Fig. 1).

Two stages are necessary to work with the tool. At the first stage, the contour
of the coastline is loaded with the automatic loading of the DEM of the same name.
The loading process is accompanied by a zoomable coastline visualization, while
the depth map is initially hidden so as not to clutter the ray display later. The lower
information line displays the characteristics of the grid cell corresponding to
the current cursor position on the map, which makes it possible to control such
values as latitude, longitude and depth. Additionally, the corresponding menu
displays the full version of the depth array in the form of an independent table
with the ability to edit it interactively.

% D:\Geosphere\Kalamit =2
| Project Grid [Sediments]|Magnifier
| —— Define point on the map ¥z — J
‘ . Delete point ,_.f‘al“f'Ly— P_,/;it\/" . Magnifier | @ i [Kalamitbin __ E
Z ~oa Zoom GRD file is found
£ X N Cetka 504x779
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~ Show cursor
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1

\ YT
]

Depth=| 2.792 m X Exit
X419 [Y:294 | Cell: 419x147 Latitude:45°09.3 (45.1550°) Longitude: 33°08.9' (33.1492°)

Fig. 1. The user interface of the software tool

9 Available at: www.goldensoftware.com [Accessed: 30 November 2023].

Ecological Safety of Coastal and Shelf Zones of Sea. No. 4. 2023 51



At the second stage, a design point, which is located near the coastline and
represents the middle of the modeled section of the coast, is assumed to be
indicated. This information can be entered either digitally in a pop-up window
when called by the menu, or indicating its position directly on the map. In this case,
for more accurate positioning, it is possible to use the tool to enlarge the area of
the map in which the cursor is located (inset in Fig. 1). The implementation of
this feature makes it possible to correct the position of a given point promptly
in cases where it falls on the coastline or an adjacent strip of land.

Further operation of the tool is based on an algorithm presented on
the example of a coastline approximation segments corresponding to the maximum
eastern point of the Gulf of
Kalamita, the Crimean Pe-

Map Grid Digitize Grid Magnifier

ninsula. The results obtained

cresperentremee after calculations are subse-

quently saved for each point

automatically based on its

coordinates and DEM reso-
u lution.

4 After confirming the cor-
/) )|l rect input data, the program
: constructs a series of rays

——_ - — *=4] automatically, starting from

the central one, specified

F i g. 2. Visualization of the construction of acceleration

beams for one of the shoreline approximation segments . .
in the Gulf of Kalamita angle and highlighted in red

by the value of the normal

during the visualization
process (Fig. 2).

% Reference point #23 ‘Elﬂ‘ti_&,l l .
W [Long T oot THenm T Together with the con-
1 }3361483 44.90917 0.383 0.041 E struction of rays a]ong
2 3361483 44.90917 0.383 0.075 .
3 [3361483 44.90917 0.383 0.484 the drawn transversal lines,
4 |3361483 44.90917 0.333 0.981 depth profiles corresponding
53361143 44.90083 1.206 3014
6 [3360815 44.89333 2,057 5.751 to the loaded DEM grid are
7 |3358813 44,34583 7.555 7.141 d ned. £ hich
8 |3357144 44,83750 8.3 8.487 ctermined, from which,
9 |33.55976 44.84083 8.874 9.818 in tum, average values are
10_|33.28273 44,56083 46.847 56.075 ]
11 2290420 44 Rened EOR21_____e2¢0en ] W calculated and dlsplayed
| Save as text | B send to Excel | u| in the resulting table simul-

taneously with the coordi-

F i g. 3. The resulting table of the bottom profile along  nates of the end points of
one of the acceleration beams in the Gulf of Kalamita the acceleration rays (Fig. 3).
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Fig. 4. Example of a graphical representation of the bottom profile along one of
the acceleration beams in the Gulf of Kalamita

In addition, the ability to graphically represent the bottom profile in the metric
system has been implemented for the purpose of visual control of the bottom
profile for each segment (Fig. 4).

This makes it possible to evaluate the blocking effect of critical bottom rises
on the transfer of wave energy directly into the sediment movement zone under
rugged relief. To calculate distances in this representation, the Haversine method
[12] is used, which showed good results in the authors’ previous papers.

Conclusions

A software tool for preparing data for a modified WEM calculation algorithm
was used to study the structure and parameters of longshore migrations and integral
sediment movement in extended sections of the coastal zone of Western Crimea.
The results obtained made it possible to clarify the scheme of sediment flows and
highlight the features of alongshore redistribution of sediments in different seasons
of the year at the present stage of development of the lithodynamic system of this
region.

With the use of the WEM, the developed software geoinformation tool makes
it possible to prepare a set of data for calculating the direction and relative intensity
of longshore sediment flows promptly in an automated mode. In addition,
eliminating time-consuming work with cartographic material makes it possible
to approximate the coastline in more detail by increasing the number of segments
and improve the accuracy of processing data on wind speed in directions
significantly as a result of reducing the width of a single sector.
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A modified WEM-based version of the calculation scheme makes it possible
to obtain estimates of the structure and relative intensity of longshore sediment
transport in a wide range of time intervals. In this case, such intervals should
be covered by the overall study period determined by the length of the data used
concerning wind direction and speed. This makes it possible to study the con-
tribution to sediment dynamics of individual periods of intense wind impact,
including at the level of individual storm events, in more detail.

Thus, the implemented procedure for automated preparation of input data
for the WEM can be used in calculating wind wave parameters based on the regime
characteristics of the wind, when it is necessary to apply such initial values as wave
acceleration lengths along open points and changes in depths along acceleration
rays.
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