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ECOLOGICAL ASSESSMENT OF THE TERRITORIAL COMPLEXES
OF TATARBUNARS’KYI DISTRICT OF ODESSA REGION

€. B. Coxonos, P. I. Illlesuenko, M. M. Maoani. EKO/IOI'TYHA OLIIHKA TEPUTOPIA/IbHUX KOMIIVIEKCIB TATAP-
BYHAPChKKOI'O PAHOHY OJECCBKOI OBJIACTL. Iposedena ceoexonozivna oyinka Nanouaphmmo-20cnodapcukoi cmpyk-
mypu TamapOyHapcvro2o paiiony Ha OCHOBI NPOCMOPOBO2O 2e0IHPOPMAYITIHO20 AHANIZY OAHUX OUCAHYINIHO2O 30HOYBAHHS 3eMii.
Ipoananizosaruii po3nooin npoepigy pisHUX munie yeiob patioHy ma amniimydy ix KoIuearv Ha 0CHOGI mepmanvhux ckanepis - TIRS
(Thermal InfraRed Sensor) cynymuuxa Landsat8. Tlposedenuti ce30uHutl ananiz OUHAMIKU POCIUHHO20 NOKPUBY 34 3HAYEHHAMU Ge-
eemayitinoeo indexcy NDVI. Jlana npocmoposa xapakmepucmuka 360104CeHOCMI PI3HUX MUNie yeiob mepumopii patioHy Ha 0CHOSI
inoexcy NDMI. 3a yumu noxasHuxamu npooemMoHCMpPO8aHo, Wo CLlbCbKO2OCHOOAPCHKI OPHI 3eMli MAOMb 3HAYHO OilbULY 2emepo-
2EHHICMb MA CEe30HHY OUHAMIKY, HIdC THWE Mmunu HaseMHux yeios. Ha Oinanyi pinni pailony 3 3acianumu ma po3opanumu 3emiimu 6ys
npoeedeHUll NOPIGHANbHUL peSpeCiliHO-KOpenaAyiliHUll aHAani3 QYHKYIOHATbHUX NOKA3HUKIG: NPOSPIgY, pO3GUMKY POCAIUHHOCMI ma
380100(CEHOCI, BCMAHOBNEHUL  CINAMUCTNUYHO-3HAYYWULl 368’130k  Mixc Humu. I[Iposedena ingemmapusayia aaHowapmHo-
20CN00APCLKOT CMPYKMypu paiony 3a munom y2iob, NPOAHALi308aHA eKOJ02IYHA 30AAHCOBAHICb MA PIGeHb AHMPONO2EHHOT MpaH-
chopmayii npupoOHo-mepumopianbHUX KOMIIEKCis. 3anponoHoeana eKoN02iMHO-30a1aHCO8AHA MEPUMOPIATbHA CIMPYKIMYPA OP2aHi-
3ayii yeiob ma 3axo0u 3 Ni08UWEHHs eKON02IYHOI cmabitbHocmi azporanowiagmis paiiony. Ha ocnosi ananizy eeomopghonoeiunux
ocobnueocmeil pationy 3 BUKOPUCIAHHAM yugdposux modeneti penvedy SRTM sudineni dinsinku, sKi 6 neputy uepay Maroms Haoib-
Wl eKON02IYHULL PUSUK eK302eHHUX NPOYecié ma 6Nausy aHmpono2eHHUXx YuHHuKi6. bBye no6yooeanuii po3nooin Hacelenux nyHKmie
ma wineHocmi Hacenenwns Ha mepumopii TamapOyHapcvro2o paiiony, AKUul NPO0eMOHCmpPY8as, Wo DITbUICMb 3 HUX PO3MIleHa came
Ha yux oinanxax. llposedene ciopozpagiune pationysanHs 3 6UOLIeHHAM 600030IpHUX bacelinig ma cybbacetinie paiiony. [Ipogedenuil
Odemanvruil 2i0por02oMoponoziunuil ananiz 600030ipHo2o bacelny 1. Kapauayc axuil nanexcums 00 Ty3108cbko20 KOMIIEKCY, HA
niocmasi ko020 Oyu 3anPOnOHO8AHI PeKYIbMUSAYItHI Ma NPUPOOOOXOPOHHI 3AXO0U.

Knrwwuoei cnosa: Tamapbynapcokuii paiion, niguiuno-3axione Ilpuvoprnomop s, I'lC ananis, oucmanyiiine 30H0Y68aHHs, AHMPO-
nozenHe HABAHMAICEHHS!, RPUPOOHO-MEPUMOPIANbHI KOMIIEKCU, eKOI020-20CN00apCbKUll OANANC, eKONOSIYHULL MEHEOHCMEHM.

E. B. Cokonos, P. H. Illeéuenko, M. M. Maoanu. IKOJIOTHYECKAA OI[EHKA TEPPUTOPHA/IbHBIX KOMIIVIEK-
COB C HCIIOJIb30BAHHEM T'HC HA IIPUMEPE TATAPEYHAPCKOI'O PAHOHA. ITposedena 2e0sxonozudeckas oyenxa
aaunowagpmuo-xossaicmeentol cmpykmypsl Tamapbynapckoeo pailoHa Ha 0CHO8e NPOCMPAHCIMEEHHO20 2e0UHPOPMAYUOHHO20 AHA-
U3a U OAHHBIX OUCAHYUOHHO20 30HOUposanus 3emau. IIpoananuzuposano pacnpeoeieHue npozpesa paiuyHblX Munos yeooutl
paiiona u amnaumyoa ux Konebanuil Ha ocHoge mepmanvHuix ckanepos - TIRS (Thermal InfraRed Sensor) cnymuuxa Landsat8. Ilpo-
6e0eH Ce30HHbI AHANU3 OUHAMUKU PACMUMENbHO20 NOKPO6A MO 3HAYeHusim eecemayuonnozo unoekca NDVI. [ana npocmpan-
CMBEHHAsl XaPaAKMEPUCIMUKA YEIANICHEHHOCMU PA3TUYHbIX MUNO08 Y200uti meppumopuu paiiona na octose unoexca NDMI. Tlo smum
noKasamensim npoOeMoOHCIMPUPOBAHO, YMO CElbCKOXO3SUCMBEHHbIE NAXOMHbIE 3eMAU UMEIOM 3HAYUMENIbHO OONbLULYIO 2emepo2eH-
HOCMb U CE30HHYI0O OUHAMUKY YeM Opyaue Mmunvl Ha3eMHbIX yeooul. Ha yuacmke naxomnozo nous ¢ 3acesimublMu U pacnaxamiblMu
3eMAAMU OBl NPOGEOEH CPABHUMENbHBIU PecPecCUOHHO-KOPPENAYUOHHBIN AHATU3 (PYHKYUOHATbHBIX NOKA3ameell: npozpesd, pa3eu-
Must pACMUmMenbHOCMU U YEIANCHEHHOCU, YCIMAHOBIEeHA CMAMUCIUYecKy 3HAYUMAsL C843b Mexcoy Humu. TIposedena uneenmapu-
3ayus 1aHOUADMHO-XO3AUCMEEHHOU CIMPYKIMYPbL PALIOHA NO MUNY Y20OUll, NPOAHATUSUPOBAHA IKOTOSUYECKAS COANAHCUPOBAHHOCTIb
U ypoB8eHb aHMPONOSEHHOU MPAHCHOPMAYUYU NPUPOOHO-MEPPUMOPUATLHBIX KOMNLeKcos. TIpednoscena sxonoeutecku coOarancupo-
BAHHASL MEPPUMOPUATLHASL CIMPYKIMYPA OP2AHU3AYUU Y2OOUll U MEPONPUAMUSL NO NOBBIULEHUIO IKOTOSUYECKOU CMADUTLHOCIU A2po-
aanowagpmos pationa. Ha ocnose ananuza ceomopgonocuveckux ocobennocmeil patoHa ¢ UCHOIb308aHUeM Yu@posvix mooeneil
penvegha SRTM svioenenvt yuacmru, Komopbvie 8 nepayio o4epedb UMeIom HaubOAbUUT YKOL02UHECKULL PUCK IK302EHHBIX NPOYECCO8 U
GIUSIHUSL AHMPONO2EHHBIX pakmopos. Bviio nocmpoeno pacnpedeienue HAceNeHHbIX NYHKIMOE U NIOMHOCMU HACENeHUs. Hd meppu-
mopuu TamapOynapckozo paiiona, Komopoe nokazauo, Ymo OONLUWUHCMEO U3 HUX Pa3MewyeHo UMEeHHO Ha dmux yuacmkax. Ilposede-
HO 2uopozpagpuyeckoe patioHupoeanus ¢ evloereHuem 8000COOPHbIX baccelinog u cybbaccelinog pationa. Ilposeden demanvrulil 2uo-
ponocomopghonozuneckutl aHanus 86000cooprozo baccetina 1. Kapauayc xomopuiti omnocumcs k Ty3106CKOMY KOMNIEKCY, HA OCHOBA-
HULU KOMOPO20 ObLIU NPEONOANCEHBl PEKYTbMUBAYUOHHbLE U RPUPOOOOXPAHHbIE MEPONPUSINUSL.

Knioueswvie cnosa: Tamapbynapckuil paiion, cegepo-3anaonoe Ilpuuepnomopve, I'MC ananus, oucmanyuonnoe 30HOuposanue,
aHMpONO2eHHas HA2PY3KA, NPUPOOHO-MEPPUMOPUATbHBIE KOMNIEKCbI, IKOL020-XO3AUCMBEHHbIN OANAHC, IKONO2UYECKULI MEHeO -
MeHm.
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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

-217 -



Cepisi «[eonozisi. [eozpabisi. Ekonoezisi», sunyck 52

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 °C,
while the lowest figure was 16.41°C, the standard
deviation of temperature was 3.88 °C, 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%

29.;500

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 km? (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 km?
(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 km? (Fig. 6), which is 25 times more
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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
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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<=NDVI1<0.090 88<=NDVI<105
Clouds 0.002<=NDVI<0.025 83<=NDVI<88
Snow and ice -0.046<=NDV<0.002 70<=NDVI<83
Water -1<=NDVI<-0.046 0<=NDVI<70
2015.07.20 015 20km ——T T

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

NDVI stdev=0.379

BN NDVI 0.5-1.0 0.174
F=341.66 km2  0.24

03
. -0.42 m 0.438
B -0.354

B 0.504
B -0.288 —G
- -0-222 - 0'636
. -0.09 BN 0.768
B -0.024 m 0534
B 0.042 —K:

0.108
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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
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Fig. 6. Distribution of NDVI index on the territory of Tatarbunars’kyi District from 22.09.2015

-222 -




BicHuk Xapkiecbk020 HauioHanbHOo20 yHieepcumemy imeHi B.H. KapasiHa

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 0.70 031 |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
-1}
oy |
f bl | l‘1 \
NDMI [70.143

mm 033 ™0.234
mm -0.324 W 0.326
-0 2>3 M 0417
-0.131 ™ 0.509
1-0.040 W06
0.0516

10 15 20 km

I I ]

In terms of the coefficient of determination (R?)
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-

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

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

-223 -



Cepisi «[eonozisi. [eozpabisi. Ekonoezisi», sunyck 52

29.535
1

45,755

45.750

45.745

y=-0,103x + 3,0239

NDVI

~10.017
_10.089
[ 0.163
[ 0.236
I 0.309
I 0.382
Il 0.455
I 0.528
Il 0.601
Il 0.684

NDMI, units
|-0.398
B -0.299
N -0.201
B -0.102
[ 1-0.003
[ 0.095
[ 0.194
N BN 0.293
| HH 0.391
[ 0.490

R?=0,8846

A

24 26

28
LST, °C
y=-0,1433x+ 3,7233
i . R2=0,8894

INDMI, Units

2 24
0,7
0,6
0,5
0,4
03

y=0,7139x+ 0,347
R?=0,9808

DVI, Units

N

0,1

-0,3

-0,1

0,1 03 0,5

NDMI, Units

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

28'W0E 20E 20°30E N0E WNWE 31'0E 31'30E R2'0E
1 i 1 1 1 1 1 1

3Z30E 30E WE  MOE percentage of NRF objects

"’.VN l?’;.)UN w.mc

1

ABON A5 ION

Black Sea

45°30N

%

I 0,00

B 0,01-161

N 1,62-6,01
6,02 - 11,26

11,27 -19,34

B 19,35-37,89

Ukraine

45" 30N

T T T T T
WNOE NWE 310E INWE 32'0E

N

-

T T T T
RNWE B0E WWE MOE

Fig. 9. Percentage of objects of the nature reservation

fund in the northwestern administrative regions

of the Black Sea (according to their ecological passports)

=224 -



BicHuk Xapkiecbk020 HauioHanbHOo20 yHieepcumemy imeHi B.H. KapasiHa

Table 3

Both land and water bodies structure of Tatarbunars’kyi District

(according to ecological passports and satellite measurements)

Percentage, %
The name of the objects tho'l?sr:r?a ha _ _ Not including water
Including water bodies 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 3.10 412
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 4.23 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
Territory of the District
Geoecological coefficients of the EEB Land only

Including water bodies

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 (Knp) 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 3° have been highlighted using
SRTM3O0 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 3° (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

29.500
1

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).

Areas with a slope >3°

45,600
1

T
29,500

T
30.000

Fig. 10. 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 22.09.2015

» Settlements
Distribution

T
»0.000

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
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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: a — terrain heights; b — biases; ¢ — 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- intensive use of nature, as it has a developed gully-
logical analysis, this area does not imply widespread  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].

29.840
|

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).

29.920
1

45.920
1
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Recommended belts:
—— wind protection
— stock regulation
------ coastal and riparian
Other recommended measures:
Nature protection lanes
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seas and estuaries
Priority Erosion Control Areas:
© plane flushing
linear erosion
O proposed places for bioplants
A hydrological pond management
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T
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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 km? on May 24, 2015, at the end of
summer - August 26, 2015, - 55.45 km? respective-
ly, 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 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 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 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.

References

1. Tuchkovenko Yu.S., Gopchenko E. D. (Ed). (2011). Actual problems of estuaries of the northwestern Black Sea re-
gion: Collective monograph. Odessa: TPP, 224.

-233-


mailto:sokolovev87@gmail.com
https://orcid.org/0000-0002-0587-2719
mailto:onaft.eko@gmail.com
https://orcid.org/0000-0002-7924-1987
mailto:madanikader50@gmail.com
http://orcid.org/0000-0001-9386-7364

Cepisi «[eonozisi. [eozpabisi. Ekonoezisi», sunyck 52

2. Andreev S.M. Krasovskiy G.Ya., Solovei V.V. (2011). Method for soil fertility estimation with the use of space sur-
veys (on the base of Tatarbunary district in Odessa region). Scientific Notes of Taurida National V. I. Vernadsky
University. Series: Geography. 24 (63), 3, 16-23.

3. Balakay G.T., Balakai N.l., Poluektov E.V., Babichev A.N., Voevodina L.A., Yurina L.I. Techniques for increasing
land bio-productivity, preserving soil fertility and ecological sustainability of agrolandscapes. Novocherkassk, 71.

4. Water Code of Ukraine as amended by the Verkhovna Rada of Ukraine dated 09.04.2014 for 1193-VII (1193-18).
K., 38.

5. Gladun G.B., Gladun Yu.G., Yerevskaya L.V. (2014). Adaptive-landscape principles of application of field-
protective forest cultivation in the Odessa region. Agrochemistry and Soil Science, 81, 59-65.

6. Gorun V.V, Pilipenko G.P., Turcan O.l. (2012). A comprehensive assessment of the recreational potential of ad-
ministrative districts of Odessa region. Krajobraz i turystyka w warunkach zrownowazonego rozwoju. Landscape
and tourism in a sustainable develophent. Kielce-Sobkow, 43 (1), 55-57.

7. Donets V.V., Kochubey S.M., Yatsenko V.A., Kazantsev T.A., Brovchenko V.V. (2013). Creation of the field spectral
hardware-software complex for subsatellite validation of the controlled from distance research of vegetation. Sys-
tems for processing information, 8 (115), 36-42.

8. The region's  environmental passport  for  2018. [Electronic ~ resource].  Available  at:
http://ecology.odessa.gov.ua/ekologchnij-pasport-regonu/

9. Filippovich V.E., Lyalko V.I., Stankevich S.A., Krilova G.B., Michak A.G. (2013). Use of satellite imagery in the
analysis of the thermal field of the historical part of Kiev. Problems and experience of engineering protection of ur-
ban areas and preservation of heritage under conditions of geo-ecological risk. Kyiv: Phoenix, 6, 64-69.

10. Kochubey S.M. Equipment and methods for remote sensing of vegetation in the optical range (2002). Space science
and technology, 8 (2/3), 271-275.

11. Kochurov B.I. (1999). Geoecology: ecological diagnostics and ecological and economic balance of the territory.
Smolensk: SSU, 154.

12. Lyalko V.1., Popov M.A. (Ed.). (2006). Multispectral methods for remote sensing of the Earth in the problems of
nature management. Kiev, Naukova Dumka, 358.

13. Makevnin S.G. (1991). Nature Protection. Moscow, 127.

14. Minicheva G.G., Sokolov E.V. (2014). Assessment of natural resistance of estuaries in the Northwest Black Sea re-
gion in accordance with the EU WFD principles. Scientific reports of the National University of Life and Environ-
mental Sciences of Ukraine, (5). Available at: http://nbuv.gov.ua/j-pdf/Nd2014 5 7.pdf

15. Mukhin Yu.P., Kuzmina T.S., Baranov V.A. (2002). Sustainable development: environmental optimization of agro-
and urban landscapes: Textbook. Allowance. Volgograd, 127.

16. Odum Yu. (1975). Fundamentals of Ecology. Moscow: Mir, 740.

17.Popova O.L. (2012). Ecodiagnostics of the natural-economic organization of the territory of Ukraine: agro-
landscape aspect. Economics and forecasting, (3), 92-101. Available at: http://nbuv.gov.ua/UJRN/econprog
2012 3 9

18.Popov M.O., Semko 1.D. (2013). Assessment of green planting characteristics by using methods of remote sensing of
Earth. Fundamentals of environmental management and life safety. 2013, 12, 51-62.

19. Popova O.M. (2016). Morphometry and toponymy of the hydrological objects of the Tuzlovsky estuaries, national
park. Bulletin of ONU. Series of geogr. and geol. science. 21, 2 (29), 64-84.

20. Popova O. M. (2017). Natural-reserve fund of Odessa region in the system of physical and geographical zoning of
Ukraine and ways of its optimization. Bulletin of the Odessa National University. Series: Geographical and Geolog-
ical Sciences. 22 (2), 29-47. Available at: http://nbuv.gov.ua/UJRN/Vonu_geo 2017 22 2 4

21.Paramonov E.G. Paramonov E.G., Ishutin Y. N., Simonenko A. P. (2003). Kulundinskaya steppe: desertification
problems. Barnaul: Alt. Univ., 138.

22. Parfenova N. I., Parfenova N. I., Reshetkina N. M. (1993). Energy natural-zonal indicators and the prospect of their
application in land reclamation. Land reclamation and water management. 1, 3-5.

23.Reimers N.F., Shtilmark F.R. (1978). Protected areas. Moscow, Mysl, 224.

24. Reimers N. F. (1990). Nature management: dictionary-reference book. Moscow: Mysl, 637.

25. Rubel O.E. (2009). Econology of the Wetlands. Kishinev, Eco-TIRAS, 252.

26. Sahatsky O.l., Stankevich S.A. (2007). To the possibility of assessing the humidity of the earth multispectral space
coatings optical range images by example the territory of Ukraine. Reports of the NAS of Ukraine, 11, 122-128.

27. Zaitsev Yu. P., Alexandrova B. G. (Ed). (2006). North-Western part of the Black Sea: (biology and ecology) . Kiev,
Naukova Dumka, 351-356.

28.Serbov N.G., Tkachuk M.N. (2019). Methodological approches to the determination of enviromental risks of soil
pollution (on the example of the Danube districts of Odessa region). Sciences of Europe, 3, (45), 37-45.

29.Svidzinska D.V. (2014). Methods of geoecological research: geoinformation workshop on the basis of open GIS
SAGA: textbook. Kiev, Logos, 402.

30. Sineshchekov V.E., Yuzhakov A.l. (2005). Conditions for the stable functioning of agrolandscapes in the south of
western Siberia. Geography and Natural Resources, 1, 85-90.

31. Sokolov E.V. (2015). Typization of estuaries of the northwestern Black Sea on the basis of hydrologic-
morphometric characteristics. Scientific Notes of the Ternopil National Pedagogical University named after Vladi-
mir Gnatyuk. Series: Biology, 1 (62), 49-56.

-234-


http://ecology.odessa.gov.ua/ekologchnij-pasport-regonu/
http://nbuv.gov.ua/j-pdf/Nd2014_5_7.pdf
http://nbuv.gov.ua/UJRN/econprog_2012_3_9
http://nbuv.gov.ua/UJRN/econprog_2012_3_9
http://nbuv.gov.ua/UJRN/Vonu_geo_2017_22_2_4

BicHuk Xapkiecbk020 HauioHanbHOo20 yHieepcumemy imeHi B.H. KapasiHa

32. Stankevich S.A. (2016). Accuracy estimation of the temperature of artificial and natural Earth’s surfaces determin-
ing by infrared satellite imagery. Space science and technology, 22(4), 19-28. Available at:
ftp://ftp.mao.kiev.ua/pub/journals/knit/2016-22/knit-2016-22-22-4-02-Stankevich.pdf

33.Tsarik, L.P., Tsarik P.L. (2009). Geoecological Approaches to Assessing the Balance of Environmental Manage-
ment. Series: Geography. 37, 43-48. Available at: http://nbuv.gov.ua/lUJRN/VLNU_Geograf 2009 37 _7

34. Shishchenko P.G. (1988). Applied physical geography. Kiev, High School, 192.

35. Yatsenko V.A. (2007). New method for remote estimation of chlorophyll content in vegetation and its software real-
ization. Space science and technology, 13 (3), 35-44.

36. Dalezios, N.F. (2002). Environmental Remote Sensing, University Teaching, University of Thessaly, Volos. [in
Greek].

37. DIRECTIVE 2000/60/EC of the European Parliament and of the Council establishing a framework for the Commu-
nity action in the field of water policy (2000). Available at: http://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX:32000L0060

38. Fuller, D.O. (1998). Trends in NDVI time series and their relation to rangeland and crop production in Senegal,
1987-1993. International Journal of Remote Sensing 19(10):2013-2018. https://doi.org/10.1080/014311698215135

39. Izakovicova, Z., Spulerovd, J., Petrovic, F. (2018). Integrated approach to sustainable land use manage-
ment. Environ. Open Access J. Environ. Conserv. Technol., 5, 37. https://doi.org/10.3390/environments5030037

40. I1zakovicova, Z., Miklos, L., Miklosova, V. (2018). Integrative Assessment of Land Use Conflicts. Sustainability, 10,
3270. https://doi.org/10.3390/su10093270

41.Marchi, M., Ferrara, C., Biasi, R., Salvia, R., Salvati, L. (2018). Agro-Forest Management and Soil Degradation in
Mediterranean Environments: Towards a Strategy for Sustainable Land Use in Vineyard and Olive
Cropland. Sustainability, 10, 2565. https://doi.org/10.3390/su10072565

42.Moore, LD., and Burch, G.J. (1985). Physical Basis of the Length-slope Factor in the Universal Soil Loss Equation.
Soil Sci. Soc. Am. J. 50: 1294-1298.

43.NASA LP DAAC, 2013. NASA Shuttle Radar Topography Mission (SRTM) Version 3.0 (SRTM Plus) Product Re-
lease. Land Process Distributed Active Archive Center, National Aeronautics and Space Adminitration.
https://Ipdaac.usgs.gov/about/news archive/nasa shuttle radar topography mission srtm version 30 srtm plus prod-
uct release.

44, OpenStreetMap Data Extracts. Geofabrik downloads. Available at: http://download.geofabrik.de/europe/ukraine.html

45. Pen, J.; Ma, J.; Du, Y.; Zhang, L.; Hu, X. (2016). Ecological suitability evaluation for mountainous area develop-
ment based on conceptual model of landscape structure, function, and dynamics. Ecol. Indic., 61, 500-511.

46. Rouse, J.; Haas, R.; Schell, J.; Deering, D (1974). Monitoring vegetation systems in the Great Plains with ERTS. In
Proceedings of the Third ERTS-1 Symposium NASA SP-351, Washington, DC, USA, 10-14 December 1973, 309-317.

47.Rudenko L., Maruniak E., Lisovskiy S. (2014). Landscape Planning for Ukrainian Rural Communities: Challenges,
Outputs, Prospects. Geoadria, 19(2), 191-204.

48. Rudenko L., Maruniak E., Lisovskiy S. (2014). Landscape Planning for Ukrainian Rural Communities: Challenges,
Outputs, Prospects. Geoadria, 19(2), 191-204.

49. Sentinel-2B_MSIL1C Products. Copernicus Open Access Hub. Available at: https://scihub.copernicus.eu/
dhus/#/home (accessed on 15 September 2019).

50. Stoiko, N., Parsova, V. (2017). Environmental dimensions of rural development in land use planning circumstances
in Ukraine. Engineering for rural development, 964-969. https://doi.org/10.22616/erdev2017.16.n197

51. Turner, K.G.; Anderson, S.; Gonzales-Chang, M.; Costanza, R.; Courville, S.; Dalgaard, T.; Dominati, E.; Ku-
biszewski, 1.; Ogilvy, S.; Porfirio, L.; et al. (2016). A review of methods, data, and models to assess changes in the
value of ecosystem services from land degradation and restoration. Ecol. Model, 319, 190-207.
https://doi.org/10.1016/j.ecolmodel.2015.07.017

52.USGS GlobalVisualizationViewer. Available at: http://glovis.usgs.gov/

53. Using the USGS Landsat 8 Product. Available at: http://landsat.usgs.gov/ Landsat8 Using_Product.php.

54.Wilson, E. H. & Sader, S. A. (2002). Detection of forest harvest type using multiple dates of Landsat TM imagery.
Remote Sensing of Environment, 80 (3), 385-396. https://doi.org/10.1016/S0034-4257(01)00318-2

55.Yang, J.; Li, S.; Lu, H. (2019). Quantitative influence of land-use changes and urban expansion intensity on land-
scape pattern in Qingdao, China: Implications for urban sustainability. Sustainability, 11, 61-74
https://doi.org/10.3390/su11216174

-235-


ftp://ftp.mao.kiev.ua/pub/journals/knit/2016-22/knit-2016-22-22-4-02-Stankevich.pdf
http://nbuv.gov.ua/UJRN/VLNU_Geograf_2009_37_7
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32000L0060
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32000L0060
https://doi.org/10.1080/014311698215135
https://doi.org/10.3390/environments5030037
https://doi.org/10.3390/su10093270
https://doi.org/10.3390/su10072565
http://download.geofabrik.de/europe/ukraine.html
https://scihub.copernicus.eu/dhus/#/home
https://scihub.copernicus.eu/dhus/#/home
https://doi.org/10.22616/erdev2017.16.n197
https://doi.org/10.1016/j.ecolmodel.2015.07.017
https://doi.org/10.1016/S0034-4257(01)00318-2
https://doi.org/10.3390/su11216174

