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SUMMARY

Purpose of the work has been to assess the shoreline dynamics in Lebedivka village area
(Odessa Region, North-Western Black Sea (NWBS)) using the high spatial resolution
satellite images (VHRSI) in 2005-2021. Methodology. Space images LANDSAT,
SENTINEL GeoEye-1, QuickBird-2, WorldView-2 and 3 for 2005-2021 have been used and
processed semi-automatically using the QGIS, ArcMapl0.5 and DSAS software.
Conclusions. Long-term shoreline changes of various scale within the selected area
"Lebedivka™ in the NWBS are more effectively registered using the high-resolution space
images. The shoreline movement speed values vary in the range from -2.55 to 0.73 m/year
with average values of -0.81 m/year, which indicates a general tendency of the shoreline
recession. The features of spatial distribution of the coastline dynamics indicators are the
accretion speed positive values of up to 0. 73 m/year in the area where the root part of the bay
bar adjoins the original loess shore, which is due to the change in types of shores, as well as
geological and lithological conditions of the shore within the area. The data of instrumental
observations performed within the area in different years give a good fit to the calculated
estimates of the shorelines dynamics indicators obtained from VHRSI.
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Introduction. The north-western Black Sea (NWBS) is characterized by a variety of types of shores
(Shuiskiy, 2000, Atlas, 2009), conditions and factors of their formation, spatial distribution and
activity of abrasion and accumulation processes (Cherkez et al., 2020a,b, 2021). Also, the NWBS is
well known to be affected by anthropogenic-induced activities (Kovalova et al., 2010; Medinets et al.,
2020a,b). As a result of abrasion processes the coastal slopes are destroyed — avalanches and and
landslides happen, and the types of the coast are defined as abrasion-avalanchine or abrasion-landslide
(Kozlova et al., 2020). Emergence of the accumulative type of coast is due to the accumulation of
sediments, but depending on the changes in the strength and dynamic parameters of the sediment
flow, as well as on hydrological conditions of the sea the accumulative shore types can be defined as
accreting, erosive or dynamically stable. We have used the indicators of the shoreline movement’s
magnitude and speed, which are effectively determined using a complex of space observation
methods (Cherkez et al., 2014, 2020c) as a characteristic of the abrasion and accumulation processes
intensity. It has been established based on the results of the Landsat and Sentinel satellite images
processing that the quantitative characteristics of the shoreline movement in the NWBS are
characterized by high spatial variability. The maximal shoreline accretion and accumulation of beach
sediments occur in the area of the Danube Delta and the sandy bay bar of the Sasyk Estuary, as well
as in the places where landslide protection and coastal protection works are located. In the rest of the
areas retreat of the shorelines is observed, which indicates, for example, the erosion of sediments at
the abrasion-erosion type of shore of the Tuzly Estuaries and the abrasion and destruction of the
adjacent abrasion-avalanchine segment of shoreline in the area of Lebedivka village - Budakskyi
Estuary. Spatial resolution of Landsat and Sentinel images is insufficient for most of the NWBS
coastal areas with indented shoreline, port hydrotechnical and coastal protection structures etc
(Cherkez et al., 2020c, 2021). For an objective assessment of the abrasive and accumulative processes
intensity it is recommended to use space images of a higher spatial resolution. The purpose of the
work has been to assess the shoreline dynamics in Lebedivka village area (Odessa Region, NWBS)
using the high spatial resolution (VHR) satellite images in 2005-2021.

Data & Methods. To assess the long-term shoreline dynamics based on the LANDSAT, SENTINEL,
GeoEye-1, QuickBird-2, WorldView-2 and 3 satellite images (Table 1) we have chosen an area
covering a segment of the Black Sea shore from 125.7 km to 128.9 km in the vicinity of Lebedivka
village (hereinafter the "Lebedivka" section) (Fig. 1A, 1D); it is characterized by the adjacent location
of two types of shore: (i) accumulative-erosion - the root part of the sand spit separating the group of
Tuzly Estuaries from the Black Sea, and (ii) abrasion-landslide — a steep coastal slope composed of
loess rocks (Fig. 1B-1C).

Table 1 Specification of the space images used for Ukrainian pilot areas assessment

Data Products | Number of images Resolution Year of Image Source
Landsat5 TM 12 30m 2005-2010 Earth Explorer USGS
Sentinel 2 4 10m 2015 to 2020 Copernicus Hub

GeoEye-1 3 1.64 m (0.41 m) 2019-2020
QuickBird-2 3 2.44m (0.61 m) 2005, 2007, 2009
WorldView-2 2013, 2015-2017, Maxar
9 1.84 m (0.46 m) 2019, 2021
WorldView-3 4 1.24m (0.31 m) 2019-2021

Note: Resolution - multispectral bands (panchromatic band)

Statistical characteristics of the coastline dynamics were estimated using the DSAS software module.
The DSAS is using the transects located perpendicular to the shoreline every 60 m for Landsat and
Sentinel images and every 10 m for the VHR images (Figure 1D). A number of statistical
characteristics of the shoreline dynamics were obtained based on the calculation results: the Net
Shoreline Movement (NSM) represents the distance between the oldest and the youngest shorelines
for each transect (units are in meters); the Shoreline Change Envelope (SCE) represents the greatest
distance among all the shorelines that intersect a given transect (units are in meters); the Weighted
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Linear Regression (WLR) represents a weighted linear regression applied on the most reliable data
placing greater emphasis or weight towards determining a best-fit line.
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Figure 1 A - Location scheme of the "Lebedivka" site in the NWBS. B - Photo of the western part of
the site - the eastern root part of the sand spit separating the group of Tuzly Estuaries from the sea.
C - Photo of the eastern part of the plot — abrasion cliff. D — Scheme of the “Lebedivka” site and
location of the transects

Results. Indicators of shoreline dynamics at the Lebedivka site received using the VHR space images
processing and additionally, for comparison, indicators obtained using the lower resolution Landsat
and Sentinel images are shown in Table 2 and Fig. 2.

Table 2 Statistical characteristics of shoreline dynamics at Lebedivka site obtained using the data of
Landsat (2005-2020), Maxar (2005-2019), Maxar (2005-2021)

Landsat (2005-2020) | Maxar (2005-2019) | Maxar (2005-2021)
Statistical Statistical characteristics of shoreline dynamics
characteristics
NSM | SCE WLR NSM | SCE WLR NSM | SCE WLR
(m) | (m) | (m/year)| (m) | (m) |(miyear)| (m) | (m) | (m/year)
MEAN -9.87 | 18.49 -0.40 -8.63 | 27.03 -0.91 -7.72 | 26.78 -0.81
MIN -27.38 | 3.64 -1.50 | -3242 | 14.35 -290 |-28.53 | 14.32 -2.55
MAX 18.68 | 39.68 1.70 25.88 | 49.96 0.68 12.14 | 49.96 0.73

Statistical analysis of shoreline dynamics indicators for the period 2005-2021 (Fig. 2A) has shown
that the speed of shoreline changes (WLR) is from -2.55 to 0.73 m/year with medium value of -0.81
m/year, which points at the general tendency of shoreline retreat. The most negative WLR values are
observed in the western and eastern parts of the site making respectively -2.55 m/year and -1.41
m/year. Positive WLR values of up to 0.73 m/year are observed in the area where the root part of the
bay bar adjoins the original loess shore, which is due to the change in types of shores, as well as
geological and lithological conditions. The WLR mean values, except for the transition zone, for the
sand bar area and for the loess slope area make -1.27 m/year and -0.62 m/year respectively.

As we lacked the VHR images for 2020, to compare the shoreline dynamics indicators obtained from
space images of different resolution we used the calculations of the indicators of shoreline dynamics
from the Landsat and Sentinel 2 images for 2005-2020 and for the VHR images - for 2005-2019 and
2005-2021. Statistical analysis of the results of automatic calculations of shoreline movement
indicators (Fig. 2, Table 2) based on different resolution space images shows insignificant differences
in the NSM (distance between the oldest and the newest shoreline) and the WLR (speed of shoreline
movement) indicators.
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Figure 2 A - Spatial distribution of the NSM, SCE and WLR shoreline dynamics characteristics in the
Lebedivka section according to Maxar satellite images (2005 - 2021); B - Spatial distribution of the
NSM characteristics in the Lebedivka section according to Landsat, Sentinel (2005-2020) and Maxar
(2005-2019 and 2005-2021) satellite images; C - Spatial distribution of the SCE characteristics in the
Lebedivka section according to Landsat, Sentinel (2005-2020) and Maxar (2005-2019 and 2005-
2021) satellite images; D - Spatial distribution of the WLR characteristic in the Lebedivka section
according to Landsat, Sentinel (2005-2020) and Maxar (2005-2019 and 2005-2021) satellite images

The statistical characteristics of the SCE indicator (the longest distance among all the shorelines) for
Landsat images differ by almost one and a half times from those for Maxar images (Table 2), which is
probably due to lower resolution of Landsat and Sentinel images. Correlation analysis of spatial
distribution of the shoreline movement indicators’ values for the mentioned periods for which the
space images of different resolutions were obtained (Landsat 2005-2020 - Maxar 2005-2019, 2005-
2021) was used to establish positive correlation between the NSM indicators and the coefficients R =
0.45 and R = 0.58, as well as between the WLR indicators with correlation coefficients R = 0.65 and
R = 0.69, while there was no correlation between the SCE indicators (Fig. 2B - 2D).

Comparison between space images of different resolution shows the similarity in spatial distribution
of the obtained statistical indicators of shoreline dynamics in Lebedivka area. It should be noted that
the shoreline is better tracked, the beach strip and the abrasion cliff are more clearly differentiated
using the higher spatial resolution Maxar space images. This allows us to assume that the shoreline
dynamics’ quantitative indicators calculation using such space images gives more reliable values.
According to the instrumental observations performed by the State Regional Geological Enterprise
"Prichernomorgeologiya" at the "Lebedivka" abrasion observation station, the area-averaged
magnitude of the cliff edge retreat in certain periods (1978-1980, 1990, 2004-2005) reached 2-3
m/year with mean value of the slope edge retreat 1.01 m/year and of the foot retreat 0.88 m/year. In
the period from 2011 to 2016, the rate of retreat varied from 2.0 m/year to 0.2 m/year. The change in
the years of the abrasion process activation and attenuation is explained by temporal variability of
meteorological and hydrological conditions, as well as the fact that gradual washing-away of a large
amount of collapsed material at the slope foot takes some time. Instrumental observations performed
within the abrasion-erosion type of coast (a section of the Burnas bay bar) in 1989-2010 have shown
that the shoreline retreat speed varies from 0.48 m/year to 1.6 m/year (Vykhovanets, Pankratenkova,
2018). In general, the instrumental observation data correspond well to the calculated estimates of the
shoreline dynamics obtained using high spatial resolution space images.
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Conclusions. Long-term changes of various scale of the shoreline within the selected NWBS coastal
site "Lebedivka™" are more effectively registered using the VHR space images. The WLR values vary
in the range from -2.55 to 0.73 m/year with average values of -0.81 m/year, which indicates a general
tendency of the shoreline recession. The features of spatial distribution of the coastline dynamics
indicators are the accretion speed positive values of up to 0.73 m/year in the area where the root part
of the bay bar adjoins the original loess shore, which is due to the change in types of shores, as well as
geological and lithological conditions of the shore within the area. The estimates obtained by us agree
well with the historical instrumental observation data.
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