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SUMMARY 

Purpose of the work. To determine the long-term shoreline dynamics in the area from the 

Danube Delta (DD) to the Great Adzhalyk Estuary in the North-Western Black Sea (NWBS) 

over 1980-2020. Methodology. Space images LANDSAT and SENTINEL were processed 

semi-automatically using software QGIS, ArcMap10.5 and DSAS. Conclusions. It was 

shown that statistic characteristics of the shoreline movement (NSM, SCE, WLR) in the 

NWBS were characterised by high spatial variability. The maximal shoreline accretion and 

accumulation of depositions took place in the areas of the DD and the sand bay-bars near the 

Sasyk Estuary and in the areas where landslide protection and coastal protection works were 

built as the artificial terraces, counterdams and headland forms are created there within the 

abrasion-landslide coasts (city Chornomorsk, Odessa coast, village Kryzhanivka, village 

Fontanka). In the rest of areas shoreline retreat was observed, which evidenced, e. g. erosion 

of depositions on the bay-bars that cuts the group of Tuzly Estuaries from the sea, as well as 

abrasion and destruction of the abrasion-avalanchine type of the coast in the segment from 

village Lebedivka to the Budakskyi Estuary. The very high resolution (VHR) images use 

strongly recommended to estimate efficacy of landslide and coastal protection structures/ 

measures.  
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Introduction. The challenge of shoreline abrasion is especially pressing in the shallow North-

Western part of the Black Sea (NWBS) (Cherkez et al., 2020a,b), known to be impacted by 

anthropogenic-induced activities (Kovalova et al., 2010; Medinets et al., 2020).  Coastal abrasion due 

to waves impact creates conditions for destruction of the coastal slopes where avalanches and 

landslides happen (Kozlova et al., 2020). Besides, erosion of accumulative coastal forms – bay-bars, 

bars, spits and beaches – takes place. Accretion is observed only in separate areas of some bay-bars 

where the material is accumulated. Spatial features of the geological structure, lithology, tectonics and 

neotectonics, geomorphology (Fig. 1A, B), climatic and hydrological conditions of the region and 

economic activities have a significant influence on the state, coast type formation (Atlas, 2009) and 

the development of coastal processes (Cherkez et al., 2006, 2021; Cherkez and Shatalin, 2012; 

Freiberg et al., 2012). The abrasion-landslide type of the coast within the research area (Sanzhiyka - 

Fontanka villages) corresponds to the conditions where Neogene clays lie at the base of the coastal 

escarpment (Fig. 1A, B). 

 
Figure 1 Ukrainian sub-areas as divided along the PONTOS UA1 pilot area (A) [1 - UA1-1: Danube 

Delta area; 2 - UA1-2: Sasyk Estuary area; 3 - UA1-3: Sasyk Estuary – Budakskyi Estuary area; 4 - 

UA1-4: Budakskyi Estuary – Sukhyi Estuary area; 5 - UA1-5: Sukhyi Estuary – Great Adzhalyk 

Estuary (Odessa Bay) area; 1) – line of alongshore geological and lithological section; 2) – Number 

of subarea] and alongshore geological and lithological section (B) 

In the areas where Neogene rocks are submerged below sea level and where layers of loess rocks are 

located in the ledge of the plateau (a typical example is Lebedivka village - Budakskyi Estuary) no 

landslide processes take place, although the height of the ledge often reaches 25 m (Cherkez and 

Shatalin, 2012; Cherkez et al., 2020c). Such conditions correspond to the abrasion-avalanchine type of 

coasts. In the south-western part of the coast in the area of the Danube delta, as well as in areas of the 

estuaries separated from the sea by accumulative forms - sand bay-bars (Sasyk - Burnas, Budakskyi - 

Dniester Estuaries), the areas of accumulative accretion and accumulative erosion type of coast are 

widespread (Fig. 1A, B). The use of a complex of instrumental remote (space) observation methods 

makes it possible to assess not only the long-term changes in the coastline, but also the intensity of 

abrasion and accumulation processes’ development, which makes it possible to come over to 

quantitative assessment of the acreage of coastal areas reduction or increase. It was shown that the 

maximal changes in the shoreline position during 1983-2013 were registered in the Danube Delta, the 

areas of the Sasyk and Dniester Estuaries and the Odessa Bay (Cherkez et al., 2013, 2020c). In the 

rest of areas decrease of land acreage was observed, which means destruction of the shorelines. The 

aim of the work was to determine the long-term shoreline dynamics resulting from abrasion and 

https://www.earthdoc.org/search?value1=E.+A.+Cherkez&option1=author&noRedirect=true


Monitoring’2022   

 

 

XVI International Scientific Conference “Monitoring of Geological Processes 

and Ecological Condition of the Environment” 

15–18 November 2022, Kyiv, Ukraine 

 

accumulation processes in the area from the Danube Delta to the Great Adzhalyk Estuary (Odessa 

Bay) in the NWBS under natural and anthropogenic factors over 1980-2020.  

Data & Methods. Historical satellite images covering the period from the early 1980s to 2020 were 

used to determine the position of the shoreline in different years; based on their analysis it was 

possible to quantitatively assess the dynamics of the shoreline movement. The selection of satellite 

images was based on the correct geographical reference of each image, no cloud cover, resolution etc. 

Space images Landsat 3 MSS, Landsat 4-5 TM and Landsat 7 ETM+ covering a 40-year period with a 

5-year interval and a spatial resolution of 30 m, as well as Sentinel 2 images with 10 m resolution 

from the open database Copernicus Open Access Hub were used. The methodology for processing 

space images is based on the use of the mathematical software QGIS Desktop 3.16.3, ArcMap10.5 

and the module of the Digital Coastline Analysis System - DSAS (Himmelstoss et al., 2021). 

Evaluation of the shoreline dynamics statistical characteristics was performed with the DSAS 

software module focused on the use of transects that are located perpendicular to the coastline at 60 m 

intervals. Based on the results of calculations a set of statistical characteristics was received 

characterising the shoreline dynamics: the Net Shoreline Movement (NSM) representing the distance 

between the oldest and the youngest shorelines for each transect (units are in meters);  the Shoreline 

Change Envelope (SCE) representing the greatest distance among all the shorelines that intersect a 

given transect (units are in meters); the Weighted Linear Regression (WLR) representing a 

weighted linear regression applied on the most reliable data placing greater emphasis or weight 

towards determining a best-fit line. 

Results. The results of the coastal erosion analysis are presented according to the geographical sub-

areas UA1-1: Danube Delta area, UA1-2: Sasyk Estuary area, UA1-3: Sasyk - Budakskyi Estuary 

area, UA1-4: Budakskyi - Sukhyi Estuary area, UA1-5: Sukhyi - Great Adzhalyk Estuary (Odessa 

bay) area (Fig. 1A, 2). Analysis of the indicators of coastal movement dynamics NSM, SCE and WLR 

(Fig. 2A - Е) shows that their distribution along the coast is characterised by well-defined spatial 

heterogeneity. The maximal values of the WLR (speed of shoreline accretion) up to 40 m/year are 

observed in the Danube Delta area (Fig. 2A); on the segment of sand bay-bars separating the Sasyk 

Estuary from the sea (Fig. 2B) – 5.3 m/year; in the root part of the eastern sand spit in the Dniester 

Estuary (Fig. 2D)  - 4.5 m/year; in the place of location of the eastern protective spur of the navigable 

channel leading to the Chornomorsk Port, which catches the flow of sediments orientated from the 

west to the east (Fig. 2E) – 5.6 m/year. The similar situation is also observed in the areas of the port 

coastal protection and landslide protection structures are situated (Fig. 2E; 209-210 km, 223 km, 240 

km) – 2.5 - 3.8 m/year. The maximal speed of the shoreline retreat was registered in the Danube Delta 

area (Fig. 2A, 36 – 37 km) – -36.5 m/year. It should be underlined that the sand spits in the delta 

frontal part that separate lakes from the sea and are periodically covered with water, as well as river 

arms and the vast reed-stands are masking the real position of the shoreline in different years. In the 

narrowest segments of the sand bay-bars separating the Sasyk Estuary from the sea (Fig. 2B; 81 - 82 

km), as well as on the sand day-bars separating the group of Tuzly Estuaries (Fig. 2C; 88 km; 102 km, 

125 km) the speed of the shoreline retreat makes from -1.3 m/year to -2.7 m/year. Shoreline retreat is 

also observed in the area of the eastern spit cutting the Dniester Estuary from the Black Sea (Fig. 2D; 

168-169 km) – -2.2 m/year. In some areas where protection structures have been built (Fig. 2e; 205 

km, 239 km) the shoreline is also retreating at a speed from -0.5 to -0.8 m/year. Analysis of 

distribution of the shoreline dynamics statistical characteristics according to the type of shores within 

the selected NWBS area (Table 1) shows that within the accumulative-growing shore types (the 

Danube Delta, the sand bay-bars of the Sasyk Estuary), beach sediment accumulation processes 

prevail, while in the areas of accumulative-erosion (sand bay-bars separating the group of Tuzly 

Estuaries from the sea) and erosion-avalanchine types of shores (Lebedivka village - Budakskyi 

Estuary) the processes of beach sediments erosion and shore destruction dominated. 

A feature of shoreline dynamics on the abrasion-landslide sections of the coast (Sanzhiyka village – 

Sukhyi Estuary - Cape Velykyi Fontan) is the significant impact of the landslide protection and 

coastal protection structures building during recent decades in many areas (city Chornomorsk, 

Sauvignon village, to the south of Cape Velykyi Fontan etc.), as the result of which the artificial 
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accretion of the shoreline takes place and its movement speed makes 0.6 - 0.8 m/year. 

 
Figure 2 Spatial distribution of the NSM, SCE and WLR statistical characteristics in the UA1-1 - 

UA1-5 areas [Danube Delta area (A); Sasyk Estuary area (B); Sasyk - Budakskyi Estuary area (C); 

Budakskyi - Sukhyi Estuary area (D); Sukhyi - Great Adzhalyk Estuary (Odessa bay) area (E)] 

Table 1 Statistical characteristics of the shorelines dynamics depending on the type of coast  

Type of 

Coast 

Geographical 

Location 

Statistical Characteristics of Shoreline Dynamics 

NSM (m) SCE (m) WLR (m/year) 

Mean Min Max Mean Min Max Mean Min Max 

Accumulative 

accretive 
Danube Delta 194.6 -1219 1416.7 435.1 10.2 2418.3 5.2 -36.5 40.2 

Accumulative 

accretive 
Sasyk Estuary 48.0 -32.3 189.5 89.4 21.4 196.6 1.29 -1.29 5.35 

Accumulative 

erosion 

Group of Tuzly 

Estuaries 
-14.2 -100.7 56.7 43.8 7.9 114.1 -0.5 -2.8 1.7 

Abrasion-

avalanchine 

Lebedivka vil. – 

Budakskyi Est. 
-16.1 -57.0 29.5 25.9 3.5 56.9 -0.4 -1.3 1.0 

Abrasion-

landslide 

Sanzhiyka vil. – 

Sukhyi Estuary 
15.6 -21.3 64.3 28.7 1.8 66.1 0.6 -0.5 2.1 

Abrasion-

landslide 

Sukhyi Est. – 

Cape V. Fontan 
21.7 -24.6 62.4 33.2 7.1 74.5 0.8 -0.7 2.3 

A feature of shoreline dynamics on the abrasion-landslide sections of the coast (Sanzhiyka village – 

Sukhyi Estuary - Cape Velykyi Fontan) is the significant impact of the landslide protection and 

coastal protection structures building during recent decades in many areas (city Chornomorsk, 

Sauvignon village, to the south of Cape Velykyi Fontan etc.), as the result of which the artificial 

accretion of the shoreline takes place and its movement speed makes 0.6 - 0.8 m/year. 

Conclusions.  Long-term shoreline changes of different scale are effectively detected using a set of 

space-borne observation methods. High spatial variability was observed for quantitative 

characteristics of the shoreline movement (NSM, SCE, WLR) in the north-western Black Sea over 



Monitoring’2022   

 

 

XVI International Scientific Conference “Monitoring of Geological Processes 

and Ecological Condition of the Environment” 

15–18 November 2022, Kyiv, Ukraine 

 

1980-2020. The maximal shoreline accretion and accumulation of depositions took place in the areas 

of the Danube Delta and the sand bay-bars near the Sasyk Estuary. Accretion was also registered in 

the areas with typically abrasion-landslide coasts (Chornomorsk city, Odessa coast, Kryzhanivka and 

Fontanka villages) where landslide and coastal protection structures (artificial terraces, counterdams, 

headland forms) were in place. Shoreline retreat was observed in the rest of areas, e.g. erosion of 

depositions on the spit that cuts the group of Tuzly Estuaries from the sea, as well as abrasion and 

destruction of the abrasion-avalanchine type of the coast in the segment from Lebedivka village to the 

Budakskyi Estuary. The use of very high resolution (VHR) images was strongly recommended to 

better estimate efficacy of landslide and coastal protection constructions.  
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