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ECOLOGICAL ASSESSMENT OF THE TERRITORIAL COMPLEXES  

OF TATARBUNARS’KYI DISTRICT OF ODESSA REGION  

 
Є. В. Соколов, Р. І. Шевченко, М. М. Мадані. ЕКОЛОГІЧНА ОЦІНКА ТЕРИТОРІАЛЬНИХ КОМПЛЕКСІВ ТАТАР-

БУНАРСЬККОГО РАЙОНУ ОДЕССЬКОЇ ОБЛАСТІ. Проведена геоекологічна оцінка ландшафтно-господарської струк-

тури Татарбунарського району на основі просторового геоінформаційного  аналізу даних дистанційного зондування Землі.  

Проаналізований розподіл прогріву різних типів угідь району та амплітуду їх коливань на основі термальних сканерів - TIRS 

(Thermal InfraRed Sensor) супутника Landsat8. Проведений сезонний аналіз динаміки рослинного покриву за значеннями ве-

гетаційного індексу NDVI. Дана просторова характеристика зволоженості різних типів угідь території району на основі 

індексу  NDMI. За цими показниками продемонстровано, що сільськогосподарські орні землі мають значно більшу гетеро-

генність та сезонну динаміку, ніж інші типи наземних угідь. На ділянці ріллі району з засіяними та розораними землями був 

проведений порівняльний регресійно-кореляційний аналіз функціональних показників: прогріву, розвитку рослинності та 

зволоженості, встановлений статистично-значущий зв'язок між ними. Проведена інвентаризація ландшафтно-

господарської структури району за типом угідь, проаналізована екологічна збалансованість та рівень антропогенної тран-

сформації природно-територіальних комплексів. Запропонована екологічно-збалансована територіальна структура органі-

зації угідь та заходи з підвищення екологічної стабільності агроландшафтів району.  На основі аналізу геоморфологічних 

особливостей району з використанням цифрових моделей рельєфу SRTM виділені ділянки, які в першу чергу мають найбіль-

ший екологічний ризик екзогенних процесів та впливу антропогенних чинників.  Був побудований розподіл населених пунктів 

та щільності населення на території Татарбунарського району, який продемонстрував, що більшість з них розміщена саме 

на цих ділянках. Проведене гідрографічне районування з виділенням водозбірних басейнів та суббасейнів району. Проведений 

детальний гідрологоморфологічний аналіз водозбірного басейну л. Карачаус який належить до Тузловського комплексу, на 

підставі якого були запропоновані рекультиваційні та природоохоронні заходи.  

Ключові слова: Татарбунарський район, північно-західне Причорномор’я, ГІС аналіз, дистанційне зондування, антро-

погенне навантаження, природно-територіальні комплекси, еколого-господарський баланс, екологічний менеджмент. 

Е. В. Соколов, Р. И. Шевченко, М. М. Мадани. ЭКОЛОГИЧЕСКАЯ ОЦЕНКА ТЕРРИТОРИАЛЬНЫХ КОМПЛЕК-

СОВ С ИСПОЛЬЗОВАНИЕМ ГИС НА ПРИМЕРЕ ТАТАРБУНАРСКОГО РАЙОНА. Проведена геоэкологическая оценка 

ландшафтно-хозяйственной структуры Татарбунарского района на основе пространственного геоинформационного ана-

лиза и данных дистанционного зондирования Земли. Проанализировано распределение прогрева различных типов угодий 

района и амплитуда их колебаний на основе термальных сканеров - TIRS (Thermal InfraRed Sensor) спутника Landsat8. Про-

веден сезонный анализ динамики растительного покрова по значениям вегетационного индекса NDVI. Дана простран-

ственная характеристика увлажненности различных типов угодий территории района на основе индекса NDMI. По этим 

показателям продемонстрировано, что сельскохозяйственные пахотные земли имеют значительно большую гетероген-

ность и сезонную динамику чем другие типы наземных угодий. На участке пахотного поля с засеянными и распаханными 

землями был проведен сравнительный регрессионно-корреляционный анализ функциональных показателей: прогрева, разви-

тия растительности и увлажненности, установлена статистически значимая связь между ними. Проведена инвентари-

зация ландшафтно-хозяйственной структуры района по типу угодий, проанализирована экологическая сбалансированность 

и уровень антропогенной трансформации природно-территориальных комплексов. Предложена экологически сбалансиро-

ванная территориальная структура организации угодий и мероприятия по повышению экологической стабильности агро-

ландшафтов района. На основе анализа геоморфологических особенностей района с использованием цифровых моделей 

рельефа SRTM выделены участки, которые в первую очередь имеют наибольший экологический риск экзогенных процессов и 

влияния антропогенных факторов. Было построено распределение населенных пунктов и плотности населения на терри-

тории Татарбунарского района, которое показало, что большинство из них размещено именно на этих участках. Проведе-

но гидрографическое районирования с выделением водосборных бассейнов и суббассейнов района. Проведен детальный гид-

рологоморфологический анализ водосборного бассейна л. Карачаус который относится к Тузловскому комплексу, на основа-

нии которого были предложены рекультивационные и природоохранные мероприятия. 

Ключевые слова: Татарбунарский район, северо-западное Причерноморье, ГИС анализ, дистанционное зондирование, 

антропогенная нагрузка, природно-территориальные комплексы, эколого-хозяйственный баланс, экологический менедж-

мент.  
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Formulation of the problem. Tatarbunars’kyi 

District is located in the southwestern part of Odessa 

region and reflects the main landscape and econom-

ic features of the region: aquatic, agricultural, resort 

resources, and nature conservation areas. On the 

other hand, it is a typical District with extensive 

land plowing, with a dominant anthropogenic influ-

ence in the form of agricultural activities which con-

sist of 91% of the total area of agricultural territories 

that are presented by arable land, while 4.16% of the 

arable land is degraded [8]. That information alone 

is enough to come to a conclusion that such land 

structure and resource management has a complex 

negative impact on ecological and economic pro-

cesses, and cannot ensure sustainable development 

of the region, it is particularly antagonistic to the 

unique transitional wetland ecosystems of interna-

tional importance [20], located within the area (deg-

radation of watercourses, siltation, xenobiotic con-

tamination, eutrophication, reduction of biological 

diversity, etc.) 

Earth remote sensing (ERS) data - spectrozonal 

satellite images, digital terrain models, and geoin-

formation systems (GIS) - can be involved in ad-

dressing the region's balanced environmental man-

agement problems, as it provides simultaneous cov-

erage of the whole region under study, regular 

monitoring and significant reduction of the cost of 

expensive expedition work, allowing to obtain a 

large array of characteristics of the status of territo-

rial complexes of the area. Remote methods are 

based on the ability of spatial objects to emit, scat-

ter, and absorb electromagnetic waves of varying 

intensity. The value of environmental indicators 

based on ERS is found like a function of the amount 

of reflected or absorbed radiation, which contributes 

to its remote identification [29]. 

Analysis of recent research and publications. 

Quantitative methods, based on the ratio of natural 

and anthropogenic elements [27], for estimating an-

thropogenic changes of landscapes have become the 

most prevalent for assessing the level of transform-

ability of natural-territorial complexes. Methods of 

landscape and ecological optimization, as well as 

estimation of economic and ecological balance of 

the region based on the inventory of the areas with 

their ranking according to the degree of anthropo-

genic changes are presented in the works of B.I. Ko-

churov (1999) [11] and L.P. Tsaryk (2009) [33]. An 

integrated approach to the sustainable management 

of the usage of administrative territorial units is dis-

cussed in the following works [39, 40, 41, 42, 45, 

51, 55]. 

  Several issues regarding Ukraine’s planning of 

the land-usage structure were addressed with the 

consideration of international experience, natural 

and economic features [17, 47, 48, 50]. 

 In the works of the Institute of Plant Physiolo-

gy and Genetics of the NAS of Ukraine and the 

Space Research Institute of the NASU-SSAU (in-

cluding joint ones) methods for assessing the char-

acteristics of terrestrial plant biomass from spectra 

reflection (spectral signatures) were developed and 

proposed, issues of satellite data validation using 

spectrometric field measurements were considered 

[10, 7, 18, 35]. 

 In the monograph of V.I. Lyalko and M.O. Po-

pov the following issues of multispectral space in-

formation application for solving nature manage-

ment problems were considered: establishment of 

forests’ species composition; forecasting of grain 

yields; determination of the geo-ecological status of 

natural technogenic systems, etc.; materials, meth-

ods, and models of interpretation of Earth remote 

sensing data for environmental monitoring were out-

lined [12]. 

 The use of spectroradiometer data, the Landsat 

and MODIS series of satellites in particular, in the 

assessment of thermal fields and the moisture con-

tent of artificial and natural terrestrial surfaces (terri-

torial complexes) is reviewed in the works [9,  

26, 32]. 

Adaptive-landscape principles of applying 

field-protecting forest cultivation, including the area 

of required field-protecting forest areas [5], were 

reviewed in Odesa region, including Tatarbu-

nars’kyi District. 

The environmental status of land resources of 

the mentioned District has been estimated based on 

plowing indicators, humic matter content, environ-

mental sustainability, erosion, and others, including 

integral indices [28]. It is clearly demonstrated that 

the land resources of the area do not meet the re-

quirements of rational natural use due to, first of all, 

the violation of the ratio of arable land. 

Recommendations for the location of agricul-

tural crops are proposed, and so is the use of ERS 

data for the quantitative assessment of vegetation of 

Tatarbunars’kyi District [2]. An assessment of the 

recreational potential of the administrative regions 

of Odesa region by the integral characteristics of the 

resource, ecological, infrastructural, and consumer 

factors is carried out in [6], where it is shown that 

Tatarbunars’kyi District is very promising for stud-

ies of ecological tourism, balneology, and recreation 

at the expense of a large number of objects of nature 

conservation fund, firth and estuary natural com-

plexes. Structural features of the eco-network, in-

cluding the objects of the nature conservation fund, 

their territories and prospects for expansion [20], are 

also taken into consideration. An analysis of nature-

protecting regime of coastal protection lanes (CPL) 

of Tatarbunars’kyi District's hydro-ecosystems and 

their structures has been reviewed in [25] and it is 
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noted that the District is characterized by a very lit-

tle amount of CPLs with corresponding project doc-

umentation. In the very same work, there is an anal-

ysis of the problems of efficient and integrated use 

of the Sasyk estuary that was desalinated as a result 

of river water transmission from the Danube-Sasyk 

channel. Collective works [1, 27], with a considera-

tion of anthropogenic influence, have analyzed the 

peculiarities of hydrological, hydro-chemical and 

hydro-biological regimes of the ecosystems of estu-

ary complexes located within the area, estuaries of 

the «Tuzlov group» (Shagany, Alibey, Burnas) in 

particular. The morphometry and toponymy of the 

water bodies of the «Tuzlovs'kyi estuaries» national 

park were also discussed in [19]. For these objects, a 

comparative classification according to morphomet-

ric and hydrological characteristics, as well as their 

natural resistance, has been conducted [14, 31]. 

Highlighting previously unresolved parts of 

the general problem. Certain possibilities of using 

the Earth remote sensing data for functional estima-

tion of the lands that were changed by anthropogen-

ic activities are carried out in this work. First of all, 

arable land, with an analysis of the ecological and 

economic balance of the area based on geo-

ecological coefficients, and then emphasis on the 

areas that are primarily exposed to ecological risks 

of exogenous processes and the influence of anthro-

pogenic factors based on geomorphological features 

using digital terrain models. Measures to improve 

the ecological stability of agro-landscapes and the 

landscape-anthropogenic structure of the area's 

lands are proposed. Hydrographic zoning and 

catchment areas of Tatarbunars’kyi District were 

conducted. For one of them - the catchment area of 

the Karachaus estuary, hydrologic-morphological 

features were analyzed, and an improved scheme for 

nature management was developed. The presented 

cartographic material of the aforementioned compo-

nents, and despite the fact that the materials of the 

article are primarily demonstrative and methodolog-

ical, can be used for further, deeper spatiotemporal 

assessment of the ecological status of territorial 

complexes of the region, aimed at developing new 

management plans for sustainable nature usage. 

Formulating the purpose of the article. The 

purpose of the work is: functional assessment of the 

ecological status of the economic landscape struc-

ture, and development of recommendations for pro-

tecting natural territorial complexes of Tatarbu-

nars’kyi District in Odesa region based on the use of 

GIS and ERS data. 

The main tasks aimed at achieving the goal 

were: 

− estimation of ecological parameters (tempera-

ture of warming of the territorial complexes, 

aridity, condition of plant-based biomass), and 

their interrelation in spatial and temporal dy-

namics simultaneously in the whole District; 

− assessment of the state of nature management 

and its balance; 

− terrain analysis and emphasis on the areas that 

are primarily the most at environmental risk of 

exogenous processes and influence of anthro-

pogenic factors; 

− hydrographic zoning and measure development 

for sustainable use of nature, for natural con-

servation of the catchment area of the Karach-

aus estuary at the «Tuzlovs'kyi Complex».  

Materials and methods. The Landsat8 satellite 

images with OLI and TIRS sensors [52], as well as 

30m digital terrain relief models obtained from the 

international «Shuttle radar topographic mission» 

(SRTM30), radar image [43] were used as an out-

put. Spatial distribution of the population was car-

ried out on the basis of «OpenStreetMap» data [44], 

using automatic IDW (inversely-weighted distance) 

interpolation. Spatial analysis and data processing 

were performed in QGIS v 3.4.6 software software 

package with integrated SAGAGIS and GRASSGIS 

tools, namely: vector and raster data processing, 

spectral index calculation, morphometric and topo-

graphic terrain analysis, hydrographic zoning, densi-

ty calculation and construction of interpolation sur-

faces, visualization and design of cartographic mate-

rials. Radiometric calibration and atmospheric cor-

rection of the Landsat8 satellite images were carried 

out on the basis of the use of the additional «Semi-

Automatic Classification Plugin» geo-information 

module also in QGIS v 3.4.6. 

To calculate the spectral brightness of distant 

infrared radiation in a unit of temperature, the values 

of the calculated coefficients were used according to 

the calculation method from the metadata file at-

tached to the satellite images [53]. 

The Normalized Difference Vegetation Index – 

NDVI [36, 38, 46], which is one of the most com-

mon indices for the quantification of vegetation, has 

been calculated for its main purpose. 

The watershed distribution was estimated using 

the modified Normalized Differential Moisture In-

dex (NDMI), which is derived from the near and 

short-wave infrared parts of the wavelength spec-

trum and characterizes the aridity level of landscape 

complexes [54]. 

The analysis of land use structure and determi-

nation of the anthropogenic load was conducted 

based on ranking and consolidation of territorial 

objects into homogeneous groups. The coefficients 

of anthropogenic transformation of the landscape 

structure of natural territorial complexes were calcu-

lated according to the methodology [11].  

LS-factor (length and slope factor) was used to 

calculate areas with planar erosion potential, which 
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combines the influence of the slope and bevel length 

of the terrain, calculated according to a correspond-

ing methodology based on the digital terrain mo- 

del [42]. 

 As a basis for the data of remote sensing of the 

development of recommendations for the catchment 

basin of the Karachaus estuary, in addition to the 

relief data, a Sentinel2B satellite image was us- 

ed [49]. 

Results and their analysis. One of the most 

important physical characteristics in environmental 

studies is the surface temperature, which character-

izes the intensity of processes in natural environ-

ments and the degree of their homogeneity. An 

analysis of the temperature distribution of Tatarbu-

nars’kyi District’s territorial complexes based on the 

Landsat8 satellite has revealed a high amplitude of 

the indicator. For example, according to the Land-

sat8 (2015.09.22) satellite imagery, the maximum 

temperature of territorial complexes was 28.50 ºС, 

while the lowest figure was 16.41ºС, the standard 

deviation of temperature was 3.88 ºС, the coefficient 

of variation of 24% was fairly homogeneous, mainly 

due to plowed soils without any vegetation (Fig. 1), 

a share of which at this date has amounted to 78% 

of the total land area of the District. These areas 

have the highest surface warming (Fig. 2). 

In general, the area with the highest frequency 

distribution of temperature values is found on 

plowed land and water bodies (Fig. 3). 

 The amplitude of fluctuations in terrestrial 

temperature in the territory of the District was  

9.81 °C for the same period of time, meaning that 

the warming of plowed soil is higher than the warm-

ing under plant cover by almost 10 °C even in au-

tumn, which certainly affects the hydrological, geo-

chemical and biological processes of the area, espe-

cially in summer. 

The spatial distribution of NDVI over time in 

the area allowed to detect a significant change of the 

figure within just one month. For example, the cal-

culation of NDVI on 24.05.2015 has showed that 

the maximum figures in the range of 0.5-0.81 – 

dense plant cover (Table 1) had a land area of 

341.66 km2 (Fig. 4), at the end of summer - on 

26.08.2015 – lands with maximum index values in 

the range of 0.5-0.79 occupied an area of 55.45 km2 

(Fig. 5), and a month later plant cover with an index 

value in the range of more than 0.5 decreased to an 

area of 13.641 km2 (Fig. 6), which is 25 times more  

 

 
Fig. 1. Color-synthesized image of natural territorial complexes of Tatarbunars'kyi District based on the 

spectral channels of the Landsat 8 satellite: B7 - average (SWIR-2); B5 - near infrared (NIR); B3 - green; 

data for 2015.09.22 
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Fig. 2. Land surface temperature (LST) distribution of Tatarbunars’kyi District natural and territorial  

complexes from 2015.09.22 according to the thermal channel B10 of the Landsat8 satellite 

  

 

Fig. 3. Histogram of land surface temperature (LST) distribution values of Tatarbunars’kyi District’s  

territorial complexes from 2015.09.22 according to Landsat8 

 

compared to May, which is primarily related to har-

vesting and the formation of «bare» land in its place. 

 A characteristic feature of agricultural land-

scapes, namely arable land, in comparison with oth-

er natural territorial complexes (landscapes) is the 

presence of significant seasonal dynamics of the 

amount and density of plant biomass, according to 

the values of the NDVI index, especially in the 

May-October period. This feature is associated with 

the process of treatment and cultivation of this type 
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of land. However, the corresponding values of plant 

biomass of other types of land during the same peri-

od do not change that significantly (Table 2). 

 Assessment of the water supply of the territory 

is an important feature in the field of water man-

agement and development of rational water re-

sources usage principles of the region. Spectrozone 

satellite imaging data, along with field and meteoro-

logical studies, provide additional information on 

soil moisture content and soil cover with the help of, 

for example, the Normalized Differential Humidity 

Index (NDMI). High moisture content is inherent in 

healthy vegetation, which grows faster and is more 

resistant to fires.  

 As follows from the distribution of the index on 

2015.09.22, its smallest figures are found in plowed 

soils, the highest figures are found in plant-covered 

and coastal areas (Fig. 7).  

 A comparative analysis of raster surfaces of 

Tatarbunars’kyi District’s functional indicators – 

warming, vegetation development, and humidity of 

territorial complexes, calculated on the basis of the 

spectroscopic satellite images from 2015.09.22, 

even visually reveal the correlation between them. 

 The temperature gradient is at its biggest in 

areas between the vegetation cover and bare soil, 

which also indicates the relationship between the 

plant cover and temperature. For the quantitative 

characterization of these processes, a test area of 

arable land in a region with sown and plowed 

grounds was selected. 

 The calculation of the correlation relationship 

between LST surface temperature, the NDVI vege-

tation index, and the NDMI moisture index showed 

a statistically significant correlation (Fig. 8). 

Table 1 

NDVI index figures for different objects [36] 

Type of land cover NDVI (scale from -1 to 1) NDVI (scale from: 0 to 255) 

Dense vegetation 0.500<=NDVI<=1 210<=NDVI<=255 

Sparse vegetation 0.140<=NDVI<0.500 118<=NDVI<210 

Poor vegetation 0.090<=NDVI<0.140 105<=NDVI<118 

Bare land 0.025<=NDVI<0.090 88<=NDVI<105 

Clouds 0.002<=NDVI<0.025 83<=NDVI<88 

Snow and ice -0.046<=NDVI<0.002 70<=NDVI<83 

Water -1<=NDVI<-0.046  0<=NDVI<70 

 

 
Fig. 4. Distribution of NDVI index on the territory of Tatarbunars’kyi District from 20.07.2015 
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Fig. 5. Distribution of NDVI index on the territory of Tatarbunars’kyi District from 26.08.2015 

 

 
Fig. 6. Distribution of NDVI index on the territory of Tatarbunars’kyi District from 22.09.2015 



Вісник Харківського національного університету імені В.Н. Каразіна  

- 223 - 

Table 2 

NDVI index figures for Tatarbunars’kyi District 

Type of land 2015.05.24 2015.07.20 2015.09.22 

Mid.  Max.  Min.  Mid.  Max.  Min.  Mid.  Max.  Min.  

Arable land 0.57 0.81 0.11 0.51 0.77 0.08 0.14 0.69 0.05 

Meadows 0.53 0.79 0.40 0.46 0.70 0.31 0.33 0.56 0.22 

Reed beds 0,57 0.81 0.43 0,58 0.79 0.50 0.42 0.62 0.31 

Forests 0.75 0.81 0.53 0.74 0.81 0.49 0.55 0.64 0.34 

 

 
Fig. 7. NDMI Index Distribution for Tatarbunars’kyi District from 2015.09.22 according to Landsat8 

 

 In terms of the coefficient of determination (R2) 

between these characteristics, the distribution of 

values is the most dense for plowed soils. The dis-

tribution of isotherms indicates the largest gradient 

in the boundary zone between soils and the vegeta-

tion cover. 

 Analysis of the land use structure on the territo-

ry of Tatarbunars’kyi District ,according to the eco-

logical passport of the Odesa region [8], has showed 

that, in general, its territory is characterized by a 

large area of the nature reservation fund (Fig. 9), 

due to wetlands of the «Tuzlovs'kyi complex» – 

unique coastal estuarine and lagoon water bodies 

formed under the influence of transgression of the 

sea in the geological past. 

 The percentage of NRFs (nature reservation 

funds) in the region is at 16.5% (including both land 

areas and water bodies), while in the majority of 

administrative regions of the Black Sea NRF facili-

ties are either completely absent, or make up less 

than 2%.  

 Despite the significant percentage of the total 

area of NRF objects and the Ramsar wetlands of 

international importance, which form the eco-

network of the Odesa region, the land use structure 

of the area is extremely unbalanced. A large part of 

the District’s territories is occupied by arable land – 

61.44%, or 81.61% solely of the land area (Table 3), 

however, more than 4% of them completely degrad-

ed. Such land use structure of the area is unbal-

anced, since «In case of a violation of sustainable 

environmental ties by more than 40% the system 

depreciates and degrades» [16]. 

 In accordance with the methodology [11], and 

the classification of land by the degree of anthropo-

genic load (AL), coefficients of anthropogenic trans-

formation of the territory (Table 4), which charac-

terize the ecological economic balance (EEB) of the  
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Fig. 8. Distribution of LST surface temperature, NDVI vegetation index and NDMI moisture index in the 

tested arable land in Tatarbunars’kyi District with sown and plowed land from 2015.09.20 according to 

Landsat8 
 

 
Fig. 9. Percentage of objects of the nature reservation fund in the northwestern administrative regions  

of the Black Sea (according to their ecological passports) 



Вісник Харківського національного університету імені В.Н. Каразіна  

- 225 - 

Table 3 

Both land and water bodies structure of Tatarbunars’kyi District  

(according to ecological passports and satellite measurements) 

The name of the objects 
Area,  

thousand ha 

Percentage, % 

Including water bodies 
Not including water 

bodies 

General area 174.30 100.00 100.00 

NRF objects (reserve lands) 5.45 3.13 4.16 

Foresrs under the NRF 0.54 0.31 0.41 

Ater bodies under the NRF 22.90 13.13 - 

Other water bodies 20.21 11.59 - 

Reed beds and wetlands 3.18 1.82 2.42 

Forests 3.60 2.06 2.74 

Pastures, hayfields 5.40 3.10 4.12 

Recreational areas 0.10 0.06 0.08 

Coastal protection lanes 0.27 0.15 0.21 

Perennial plantings 0.62 0.36 0.47 

Sandy open lands 0.74 0.43 0.56 

Arable grounds with degraded land 4.28 2.46 3.26 

Arable land 102.80 58.98 78.35 

Area of domestic solid waste (DSW) 0.059 0.03 0.04 

Urban settlements 2.85 1.64 2.17 

Rural settlements 1.37 0.79 1.04 

 

Table 4 

Calculation of ecological and economic balance coefficients for Tatarbunars’kyi District 

Geoecological coefficients of the EEB 

Territory of the District 

Including water bodies 

Land only  

Absolute pressure coefficient (Ka) 0.30 1.35 

Relative pressure coefficient (Kr) 1.77 5.59 

Area of land with resource-stabilizing functions (RSF, 

thousand ha) 68.66 29.66 

Natural protection ratio (Кnp) 0.39 0.23 
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territory of Tatarbunars'kyi District, were calculated. 

 The calculation of ecological and economic 

balance coefficients of the territory of Tatarbu-

nars'kyi District has also showed the lack of bal-

ance, and low environment-protective function of 

the ecological structure of the territorial complexes. 

 High values of the relative pressure coefficient 

Kr (more than 1), indicate the ecological and eco-

nomic imbalance of the territory. From the absolute 

pressure coefficient Ka it can be concluded that the 

number of anthropogenically transformed lands in 

relation to nature conservation and unused land is 

much smaller. The natural protection ratio (Knp) of 

the catchment area is low - less than 0.5, which, ac-

cording to the methodology, indicates a critical level 

of the territory’s protection [11]. 

 The formation of sustainable ecological infra-

structure requires improvement of the land man-

agement structure in accordance with the criteria of 

ecological and economic balance (Table 5). 

 On arable land, it is recommended to increase 

the protective forest cover of the territory by sup-

plementing the existing network of nature-protective 

forest lanes. The optimum length between forest 

strips in the southern black earths should be no more 

than 400 m, with an area of up to 60 - 70 ha on a 

plateau and up to 30 - 40 ha on a slope. It is advisa-

ble to move away from the practice of creating 

fields with an area of 150 - 200 hectares or more, 

where the role of biological regulating mechanisms 

of field protective lanes is poorly noticeable [3, 15]. 

Table 5 

Ecological parameters of a balanced territorial organization in the steppe zone 

Exponent Limit value,% Optimal value,% 

Natural landscapes no less than 35 – 40 [23] no less than 60 [30] 

Arable land no more than 60 [24] 40 – 45 [24, 30] 

Perennial grasses from an arable area no less than 30 [13] 30 –50 [13] 

Forest plantations 10 – 15 [21] 15 –20 [21] 

Field protection forest lanes from an arable 

area 4 – 5 [19] 7 – 10 [19] 

Irrigated land from a farmland area Up to 15 in an arid zone [22] 10 [22] 

Residential areas no more than 10 [23, 24] 1 – 3 [13] 

 

 Based on the analysis of the geomorphological 

features of Tatarbunars’kyi District, which stipulate 

geochemical flows of terrigenous matter transfer, 

soil erosion, and other processes, sections with a 

slope of more than 3º have been highlighted using 

SRTM30 digital terrain models, which, according to 

literary data [15], are at the greatest ecological risk 

of exogenous processes and influence of anthropo-

genic factors (Fig. 10). 

 The location of such sites is inherent in the 

ridge-girder structures, river valleys and slopes of 

the estuaries. These areas are recommended to be 

used in the «natural» state (hayfields, pastures, per-

ennial plantations, recreation and tourism areas) 

with the removal of arable lands. By their location, 

almost all of them are part of coastal protection 

lanes and lands of the water fund in accordance with 

the Water Code of Ukraine [4], where a full project 

documentation hasn’t been developed yet. From the 

point of view of ecological and economic balance of 

the territory, it is most expedient to carry out an in-

ventory of landscape and economic structure, espe-

cially in these areas, with their submission to cadas-

tral schemes and land management plans, with the 

formation of an appropriate environmental regime. 

 The distribution of settlements and population 

density in Tatarbunars’kyi District indicates that a 

large number of them are located precisely on the 

grounds of river valleys and in places with a slope 

of more than 3º (Fig. 11), which also leads to inten-

sification of exogenous processes and pollution of 

water bodies. The aggravating fact is that many of 

them do not have a centralized sewer system. In 

general, the territory is characterized by the absence 

of large cities and low population density. 

 Another approach to forming a balanced land 

use structure, ecological network, and sustainable 

development of the area is hydrographic zoning. 

According to the requirements of the EU Water 

Framework Directive [37], which are currently be-

ing implemented in national legislation, manage-

ment of the ecological status of water bodies is 
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based on a basin approach with the development of 

appropriate management plans and the formation of 

basin management administration. Small rivers, 

catchment parts of the Tuzlovs'kyi complex, the 

Sasik estuary, etc. are located on the District’s terri-

tories (Fig. 12). 

 For further hydrologic morphometric analysis 

and development of environmental measures, a Ka-

rachaus catchment area was selected (a subsidiary 

estuary with a developed gully-girder system) from 

the Tuzlovs’kyi complex, within the boundaries of 

the District. Current capabilities of GIS analysis 

have made it possible to calculate a number of hy-

drologically-morphological indicators of the catch-

ment area (Fig. 13), which allow to determine places 

of the greatest manifestation of exogenous and an-

thropogenic processes (slope sites, direction and 

intensity of surface runoff, displays of linear and 

planar erosion). 

 

 
Fig. 10. The distribution of sites with a ≥3º slope on the territory of Tatarbunars’kyi District according to 

SRTM30 digital terrain models superimposed over a Landsat8 satellite image from 22.09.2015 

 

 
Fig. 11. Population density distribution in Tatarbunars’kyi District, built according to 

OpenStreetMaps data in the QGIS software package 
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Fig. 12. Hydrographic network of Tatarbunars’kyi District and its watershed boundaries 

 

 
Fig. 13. Hydrologic and morphological features of part of the catchment area of the Tuzlovs’kyi estuary 

complex within the borders of Tatarbunars’kyi District: а – terrain heights; b – biases; c – flow vectors; d – 

linear erosion structures and density; e – the risk of plane erosion; f – the drain direction of each raster cell 

 

 As evidenced by careful hydrologic morpho-

logical analysis, this area does not imply widespread 

intensive use of nature, as it has a developed gully-

girder system and terrain fragmentation. It is clear 
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that environmental management in such conditions 

must be differentiated in spatial, intensity-based, 

landscape and settlement-balanced terms, taking the 

functions of the ecological network into account. 

Moving on to the proposed sustainable environmen-

tal management measures for the further develop-

ment of an ecological management plan, one should 

also mention the legally stipulated environmental 

measures for the water fund lands, and their intro-

duction into nature, especially the nature protection 

lanes (NPLs) along the watercourses. The principles 

of their establishment, structure and nature protec-

tion regime are determined in accordance with the 

law of direct action in this field - Water Code of 

Ukraine (Articles 88-90), which includes NPLs 

along watercourses, NPLs along seas and estuaries 

(with beach area allocations) [4].  

 At present, nature management in the form of 

ubiquitous plowing of land, unauthorized rural set-

tlement development on the territory of the catch-

ment area is conducted without taking terrain and 

gully-girder structure into account, without observ-

ing agro-technical land protection norms, resulting 

in both deep and planar erosion (Fig. 14 a), in addi-

tion to that, windbreaks are not enough to protect 

against wind (deflation), and water erosion of soils, 

as well as the associated reduction of the ecological 

status of water bodies. Given the hydrological and 

morphological conditions, state of the lands, regula-

tion of watercourses and environmental legislation, 

it is proposed to reorient the structure of land use, to 

increase the number of environmental protection 

areas, to allocate sites with extensive form of land 

use, which is certainly going to be ecologically ben-

eficial (Fig. 14 b). 

 

 
Fig. 14. The existing and recommended structure of land use of the Karachaus catchment area within the 

boundaries of Tatarbunars’kyi District: a – full-color satellite Sentinel2B image from 2019.09.15 from the 

combination of NIR-Green-Blue channels (vegetation is red); b – a scheme of reclamation and  

environmental measures (management plan at its first approximation) [49] 

 

 First of all, it is necessary to transfer the water 

fund lands to the «nature» of applying them to land 

management plans of settlements and land cadas-

ters. Furthermore, proper agro-technical measures 

were not met throughout the whole District, among 

other things agricultural territories are insufficiently 

countered by protective windbreaks. The existing 

structure of windbreaks consists of 80.9 km, about 

one third of the fields do not have any windbreaks at 

all, the distance between the windbreaks is 1 km on 

average, the corresponding edging area - 200 ha. 

This windbreak structure does not fulfill its envi-

ronmental function, so it is recommended to in-

crease it by 3 times. At the same time it should at 

least include additional wind protection (92.1 km), 

stock regulation (124.7 km), coastal and riparian 

(30.8 km). Additional windbreaks were plotted as 

follows: windproof, taking into account prevailing 

wind directions with a cell size of 500 per 1000 m; 

stock regulation windbreaks were placed on slope 

sections along the horizontal lines at a distance of 

400 - 300 m, depending on the slope; coastal and 

riparian windbreaks along eroded girders 3 - 5 m 

from the shorelines. As a prevention of land erosion 

spread, it is also recommended that some of them 

(on the slopes of gully-girder systems) carry out 
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sedimentation, conservation, and exploitative reori-

entation (use in a quasi-natural state - perennial 

crops, pastures, hayfields, etc.). In order to control 

the quality and colmatage (mudding) of the orga-

nized runoff of ravines and girders, it is proposed to 

create biological filters in their mouths along the 

estuary - biological plateaus (artificial ecosystems 

with sinusoidal filtration biocenoses). Small local 

rivers from the basin were basically destroyed as a 

result of a rupture of the hydrographic network and 

pond overregulation. It is recommended to either 

completely eliminate unauthorized ponds, or to al-

low their operation solely in case of proper envi-

ronmental documentation and operating modes de-

pending on the water content of the year.  

 It is advisable to use arable land on planar 

grounds and based on the principles of adaptive ag-

riculture, with the introduction of soil protective 

crop rotations and the use of unconventional agro-

technical measures (minimization of soil cultivation, 

optimization of rotation, improved irrigation sys-

tems etc.).  

Conclusions 

 The results of GIS thermal channels analysis of 

Landsat8 satellite images revealed a significant am-

plitude of temperature fluctuations of Tatarbu-

nars’kyi District’s territorial complexes. The warm-

ing of plowed soil is higher by 10 °C than under 

plant cover in the summer period, which certainly 

influences the hydrological, geochemical and bio-

logical processes of the area at the current level of 

agricultural development of arable land. 

 The distribution of vegetation dynamics by 

NDVI across the area revealed a significant value 

change seasonally and even within one month. Ter-

ritories with the maximum index values correspond-

ing with the dense vegetation cover occupied an ar-

ea of 341.66 km2 on May 24, 2015, at the end of 

summer - August 26, 2015, - 55.45 km2 respective-

ly, and a month later the area of vegetation in this 

index range decreased to 13.64 km2, which is more 

by 25 times compared to May, primarily due to har-

vesting and tillage in the form of arable land.  

 The calculation results of the complex geo-

ecological indicators also showed ecological imbal-

ance of the lands’ structure. Irrational farming has 

led to degradation of the hydrographic network of 

small rivers in the area, formation of soil erosion, 

trenching, reduction of the ecological status of water 

bodies, including nature protection areas with an 

international status of Ramsar lands.  

 The distribution of settlements and population 

in Tatarbunars’kyi District indicates that a large 

number of them are located on the grounds of river 

valleys and in places with a slope of more than 3º, 

which also leads to intensification of exogenous 

processes and pollution of water bodies. 

 Management plan of the Karachaus estuary (its 

first approximation), which is developed on the ba-

sis of a hydrologic morphological analysis of the 

catchment area and land use structure, includes the 

application of natural protection lanes to the settle-

ments’ land management plans and land cadasters, 

conducting appropriate agro-technical measures, 

particularly increasing the length of the windbreak 

system by 3 times with their respective functional 

purpose. As a prevention of land erosion spread, it is 

also recommended that some of them (ones on the 

slopes of gully-girder systems) carry out sedimenta-

tion, conservation and operational reorientation (use 

in a quasi-natural state - perennial crops, pastures, 

hayfields, etc.). For the possibility of quality control 

and mudding of the organized runoff, it is proposed 

to create biological filters (bio-plateaus) in the 

mouths along the estuary. It is recommended to ei-

ther complete eliminate unauthorized ponds, or to 

operate them solely in case of proper environmental 

documentation and operating modes depending on 

the water content of the year. Placement and use of 

arable land is proposed to be based on the principles 

of adaptive agriculture.  

 The result of the GIS assessment is geo-

information databases in the form of raster and vec-

tor layers that can be used by executives and other 

stakeholders for further development of the sustain-

able development strategy of Tatarbunars’kyi area. 
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ECOLOGICAL ASSESSMENT OF THE TERRITORIAL COMPLEXES OF TATARBUNARS’KYI 

DISTRICT OF ODESSA REGION  

 

Formulation of the problem. The Tatarbunars’kyi District is located in the southwestern part of Odessa 

region and reflects the main features of the landscape-economic structure of the region: water, agricultural, 

resort and environmental areas. On the other hand, the form of land use is characterized by widespread plow-

ing of land with degradation and erosion of soil cover. 

Land structure and use patterns have a complex negative impact on ecological and economic processes 

and cannot ensure the sustainable development of the region, in particular it is antagonistic to the unique 

transitional wetland ecosystems of international importance located within the area. 

To solve the issues of balanced environmental management and zoning of the landscape and economic 

structure of the region, Earth remote sensing (ERS) data can be used - spectrozonal satellite imagery and ge-

ographic information systems (GIS), which can simultaneously cover the research area as a whole, carry out 

regular monitoring and significantly reduce costs by expensive expeditionary work. Using space monitoring 

data allows you to get a large array of characteristics of the state of the territorial complexes of the region. 

Purpose of the work is: assessment of the ecological state of the landscape economic structure and de-

velopment of recommendations for the protection of natural and territorial complexes of the Tatarbunar’skyi 

District of Odessa region based on the use of GIS and remote sensing data. 

Methods. Landsat8 satellite images with OLI and TIRS sensors, digital terrain models (SRTM) with a 

spatial resolution of 30 m were used as initial data. The spatial distribution of the population was carried out 

on the basis of OpenStreetMap data using automatic interpolation using the IDW method. Spatial analysis 

and data processing were carried out in the QGIS v3.4.6 software package. To quantify the vegetation cover, 

the Normalized Difference Vegetation Index - NDVI was calculated. Waterlog distribution was estimated 

using a modified normalized differential moisture index (NDMI). The analysis of the structure of land use 

and anthropogenic load was carried out on the basis of ranking of territorial objects into homogeneous 

groups to calculate geoecological coefficients. 

Results. The article discusses the possibilities of using Earth remote sensing data for a functional as-

sessment of land changes as a result of anthropogenic activities, primarily arable land, analyzes the ecologi-

cal and economic equilibrium of the region based on geoecological coefficients, identifies areas that are pri-

marily exposed to environmental risks, exogenous processes and the impact anthropogenic factors. Measures 

are proposed to increase the environmental sustainability of agrolandscapes and the landscape-anthropogenic 

structure of the region’s lands. A detailed hydrological and morphometric analysis of the catchment basin 

was carried out. Karachaus within the boundaries of the District. For the catchment estuary, remediation and 

nature conservation measures based on GIS are proposed and designed 

Keywords: Tatarbunars’kyi District, northwestern Black Sea region, GIS analysis, remote sensing, an-

thropogenic load, ecological and economic balance. 
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