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Abstract. A geo-ecological assessment of the Tatarbunar district was carried out
on the basis of spatial geo-informational analysis of remote .sensing data. The
distribution of heating of different types of land in the district and the amplitude of
their fluctuations was analyzed based on thermal scanners - TIRS of the Landsat8
satellite. A seasonal analysis of the vegetation cover dynamics was carried out based
on the values of the NDVI vegetation index. This is.a spatial characteristic of the
moisture content of different types of land in the district based on the NDMI index.
According to these indicators, it is demonstrated that agricultural arable land has
significantly greater heterogeneity than other types of terrestrial land. A comparative
analysis of the percentage of the natural reserve fund of the district with other districts
of Odesa, Mykolaiv and Kherson regions was carried out. The proposed ecologically
balanced territorial structure of the land organization and measures to increase the
ecological stability of the agro-landscapes of the district. A detailed
hydrologomorphological analysis of the Karachaus estuary was conducted, on the
basis of which reclamation and nature protection measures were proposed.

Keywords: Tatarbunar district, northwestern Black Sea region, GIS analysis,
remote sensing, anthropogenic load, natural and territorial complexes, ecological and
economic balance, ecological management.

I. INTRODUCTION

Tatarbunars’kyi District is located in the southwestern part of Odessa region and
reflects the main landscape and economic 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 influence in the form of
agricultural activities which consist of 91% of the total area of agricultural territories
that are presented by arable land, while 4.16% of the arable land is degraded [1]. 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
processes, and cannot ensure sustainable development of the region, it is particularly
antagonistic to the unique transitional wetland ecosystems of international importance
[2], located within the area (degradation of watercourses, siltation, xenobiotic
contamination, eutrophication, reduction of biological diversity, etc.)

Earth remote sensing (ERS) data - spectrozonal satellite images, digital terrain
models, and geoinformation systems (GIS) - can be involved in addressing the region's
balanced environmental management problems, as it provides simultaneous coverage
of the whole region under study, regular monitoring and significant reduction of the
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cost of expensive expedition work, allowing to obtain a large array of characteristics
of the status of territorial complexes of the area. Remote methods are based on the
ability of spatial objects to emit, scatter, 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
1dentification [3].

II. LITERATURE ANALYSIS

Quantitative methods, based on the ratio of natural and anthropogenic elements
[4], for estimating anthropogenic changes of landscapes have become the most
prevalent for assessing the level of transformability 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 anthropogenic changes are presented in the works
of O. L. Popova (2012) [5] and L.P. Tsaryk (2009) [6]. An integrated approach to the
sustainable management of the usage of administrative territorial units is discussed in
the following works [7-13].

Several issues regarding Ukraine’s planning of the land-usage structure were
addressed with the consideration of international experience, natural and economic
features [5, 14, 15].

In the works of the Institute of Plant Physiology and Genetics of the NAS of
Ukraine and the Space Research Institute of the NASU-SSAU (including joint ones)
methods for assessing the characteristics of terrestrial plant biomass from spectra
reflection (spectral signatures) were developed and proposed, issues of satellite data
validation using spectrometric field measurements were considered [16-18].

In the monograph of V.I. Lyalko and M.O. Popov the following issues of
multispectral space information application for solving nature management problems
were considered: establishment of forests’ species composition; forecasting of grain
yields; determination of the geo-ecological status of natural technogenic systems, etc.;
materials, methods, and models of interpretation of Earth remote sensing data for
environmental monitoring were outlined [19].

The use of spectroradiometer data, the Landsat and MODIS series of satellites
in particular, in the assessment of thermal fields and the moisture content of artificial
and natural terrestrial surfaces (territorial complexes) is reviewed in the works [20, 21].

Adaptive-landscape principles of applying field-protecting forest cultivation,
including the area of required field-protecting forest areas [23], were reviewed in
Odesa region, including Tatarbunars’kyi District.

The environmental status of land resources of the mentioned District has been
estimated based on plowing indicators, humic matter content, environmental
sustainability, erosion, and others, including integral indices [22]. It is clearly
demonstrated that the land resources of the area do not meet the requirements of
rational natural use due to, first of all, the violation of the ratio of arable land.

Recommendations for the location of agricultural crops are proposed, and so is
the use of ERS data for the quantitative assessment of vegetation of Tatarbunars’kyi
District [24]. An assessment of the recreational potential of the administrative regions
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of Odesa region by the integral characteristics of the resource, ecological,
infrastructural, and consumer factors is carried out in [25], where it is shown that
Tatarbunars’kyi District is very promising for studies of ecological tourism,
balneology, and recreation at the expense of a large number of objects of nature
conservation fund, firth and estuary natural complexes. Structural features of the eco-
network, including the objects of the nature conservation fund, their territories and
prospects for expansion [2], are also taken into consideration. An analysis of
natureprotecting regime of coastal protection lanes (CPL) of Tatarbunars’kyi District's
hydro-ecosystems and their structures has been reviewed in [26] and it is noted that the
District is characterized by a very little amount of CPLs with corresponding project
documentation. In the very same work, there is an analysis 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 [4, 27], with a
consideration of anthropogenic influence, have analyzed the peculiarities of
hydrological, hydro-chemical and hydro-biological regimes of the ecosystems of
estuary 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 [28]. For these objects,
a comparative classification according to morphometric and hydrological
characteristics, as well as their natural resistance, has been conducted [29, 30].

Highlighting previously unresolved parts of the general problem. Certain
possibilities of using the Earth remote sensing data for functional estimation of the
lands that were changed by anthropogenic 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 geoecological coefficients, and then emphasis on the areas that are primarily
exposed to ecological risks of exogenous processes and the influence of anthropogenic
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 components, and despite the fact that the materials of
the article are primarily demonstrative and methodological, 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 structure, and
development of recommendations for protecting natural territorial complexes of
Tatarbunars’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 (temperature of warming of the territorial
complexes, aridity, condition of plant-based biomass), and their interrelation in spatial
and temporal dynamics simultaneously in the whole District;

- assessment of the state of nature management and its balance;
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- terrain analysis and emphasis on the areas that are primarily the most at
environmental risk of exogenous processes and influence of anthropogenic factors;

- hydrographic zoning and measure development for sustainable use of nature,
for natural conservation of the catchment area of the Karachaus estuary at the
«Tuzlovs'kyi Complex».

III. OBJECT, SUBJECT, AND METHODS OF RESEARCH

The Landsat8 satellite images with OLI and TIRS sensors [31], as well as 30m
digital terrain relief models obtained from the international «Shuttle radar topographic
mission» (SRTM30), radar image [32] were used as an output. Spatial distribution of
the population was carried out on the basis of «OpenStreetMapy» 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 topographic terrain analysis, hydrographic
zoning, density calculation and construction of interpolation surfaces, visualization and
design of cartographic materials. Radiometric calibration and atmospheric correction
of the Landsat8 satellite images were carried out on the basis of the use of the additional
«Semi Automatic Classification Pluginy» 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 attached to the satellite images [34].

The Normalized Difference Vegetation Index - NDVI [35-37], which is one of
the most common indices for the quantification of vegetation, has been calculated for
its main purpose.

The watershed distribution was estimated using the modified Normalized
Differential Moisture Index (NDMI), which is derived from the near and short-wave
infrared parts of the wavelength spectrum and characterizes the aridity level of
landscape complexes [38].

The analysis of land use structure and determination 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 calculated according to the
methodology [5].

LS-factor (length and slope factor) was used to calculate areas with planar
erosion potential, which combines the influence of the slope and bevel length of the
terrain, caleculated according to a corresponding methodology based on the digital
terrain model [10].

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 used [39].

IV. RESULTS
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 calculation of
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NDVI on 24.05.2021 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 km? (Fig. 1), at the end of summer
- on 26.08.2021 - lands with maximum index values in the range of 0.5-0.79 occupied
an area of 55.45 km? (Fig. 2), 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 km? (Fig. 3), which is 25 times
more compared to May, which is primarily related to harvesting and the formation of
«barey» land in its place.

A characteristic feature of agricultural landscapes, namely arable land, in
comparison with other 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 of land. However,
the corresponding values of plant biomass of other types of land during the same period
do not change that significantly (Table 2).

Table 1. NDVI index figures for different objects [35]

Type of land cover NDVI NDVI
(scale from -1 to 1) (scale from: O 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<=NDVIK118
Bare land 0.025<=NDVI1<0.090 88<=NDVI<105
Clouds 0.002<=NDV1I<0.025 83<=NDVI<88
Snow and ice -0.046<=NDVI1<0.002 70<=NDVI<83
Water -1<=NDVI<-0.046 0<=NDVIK70

Assessment of the water supply of the territory is an important feature in the field
of water management and development of rational water resources usage principles of
the region. Spectrozone satellite imaging data, along with field and meteorological
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.

BN NDVI 0.5-1.0
F=341.66 km2

-
NDVI max=0.878 =
NDVI mean=0.161 - -
NDVI min=-0.914 =
NDVI stdev=0.379 -

Fig. 1. Distribution of NDVI index on the Fig. 2. Distribution of NDVI index on the

territory of Tatarbunars’kyi District ;erritozry of ga‘;alrbunars’kyi District
from 20.07.2021 rom 26.08.20
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Fig. 3. Distribution of NDVI index on the
territory of Tatarbunars’kyi District
from 22.09.2021

— Fig. 4. NDMI Index Distribution for

Tatarbunars’kyi District from 2021.09.22
according to Landsat8

Table 2. NDVI index figures for Tatarbunars’kyi District

Type of 24.05.2021 20.07.2021 22.09.2021
land 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

As follows from the distribution of the index on 2021.09.22, its smallest figures
are found in plowed soils, the highest figures are found in plant-covered and coastal

areas (Fig. 4).

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 3° have been highlighted using
SRTM30 digital terrain models, which, according to literary data [25], are at the
greatest ecological risk of exogenous processes and influence of anthropogenic factors

(Fig. 5). .

2,500

Areas with a slope >3°

Fig. 5. The distribution of sites with a >3°
slope on the territory of Tatarbunars’kyi
District according to SRTM30 digital terrain
models superimposed over a Landsat8
satellite image from 22.09.2021
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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, perennial 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 [40], 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 inventory of landscape and economic structure, especially in these areas,
with their submission to cadastral 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 3° (Fig. 6), which also leads to
intensification of exogenous processes and pollution of water bodies. The aggravating
fact 1s 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 [41], which are currently being
implemented in national legislation, management of the ecological status of water
bodies is 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
territories (Fig. 7).

20400 50 29700 2850 30.000 0.150
1 1 1 1 1

Hydrographic network
—Boundaries of watersheds
—Boundaries of sub-basins

45900

Height, m
-5
I 1.43
12.85
| ¢ [ 24.28
3571
47.14
58.57
I 70.00
I 81.42

0 5 10 km
| —]

Fig. 7. Hydrographic network of Tatarbunars’kyi District and its watershed
boundaries

For  further hydrologic morphometric analysis and development of
environmental measures, a Karachaus 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 hydrologically-morphological indicators of the
catchment area (Fig. 8), which allow to determine places of the greatest manifestation
of exogenous and anthropogenic processes (slope sites, direction and intensity of
surface runoff, displays of linear and planar erosion).
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Fig. 8. Hydrologic and morphological features of part of the catchment area of the
Tuzlovs’kyi estuary complex within the borders of Tatarbunars’kyi District: a - 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 morphological analysis, this area does not
imply widespre intensive use of nature, as it has a developed gullygirder system and
terrain fragmentation. It is clear 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 environmental management measures for the further
development of an ecological management plan, one should also mention the legally
stipulated environmental measures for the water fund lands, and their introduction into
nature, especially the nature protection lanes (NPLs) along the watercourses. The
principles of their establishment, structure and nature protection 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) [40].

At present, nature management in the form of ubiquitous plowing of land,
unauthorized rural settlement development on the territory of the catchment area is
conducted without taking terrain and gully-girder structure into account, without
observing agro-technical land protection norms, resulting in both deep and planar
erosion (Fig. 9 a), in addition 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, regulation 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
1s certainly going to be ecologically beneficial (Fig. 9 b).
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—— Existing shelterbelts
Recommended belts:
wind protection
—— stock regulation
------ coastal and riparian
Other recommended measures:
Nature protection lanes
B rivers and ponds
seas and estuaries
Priority Erosion Control Areas:
plane flushing
linear erosion
© proposed places for bioplants
A hydrological pond management

0 1 2km
-

T T
29.840 29.920

Fig. 9. 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 2021.09.15 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) [39]

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 cadasters.
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 environmental function, so it is recommended to increase
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 sedimentation, conservation,
and exploitative reorientation (use in a quasi-natural state - perennial crops, pastures,
hayfields, etc.). In order to control the quality and colmatage (mudding) of the
organized 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
allow their operation solely in case of proper environmental documentation and
operating modes depending on the water content of the year. It is advisable to use arable
land on planar grounds and based on the principles of adaptive agriculture, with the
introduction of soil protective crop rotations and the use of unconventional
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agrotechnical measures (minimization of soil cultivation, optimization of rotation,
improved irrigation systems etc.).

V. CONCLUSIONS

The results of GIS thermal channels analysis of Landsat8 satellite images
revealed a significant amplitude of temperature fluctuations of Tatarbunars’kyi
District’s territorial complexes. The warming of plowed soil is higher by 10 °C than
under plant cover in the summer period, which certainly influences the hydrological,
geochemical and biological 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. Territories with the
maximum index values corresponding with the dense vegetation cover occupied an
area of 341.66 km? on May 24, 2021, at the end of summer - August 26, 2021, - 55.45
km?respectively, and a month later the area of vegetation in this index range decreased
to 13.64 km?, which is more by 25 times compared to May, primarily due to harvesting
and tillage in the form of arable land.

The calculation results of the complex geoecological indicators also showed
ecological imbalance 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 3°, 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 basis of a hydrologic morphological analysis of the catchment area
and land use structure, includes the application of natural protection lanes to the
settlements’ 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 sedimentation, 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 either 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 geoinformation databases in the form of
raster and vector layers that can be used by executives and other stakeholders for
further development of the sustainable development strategy of Tatarbunars’kyi area.
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