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6araTbOx perioHaJbHUX MOJIEJISIX JIiCOBUI IIOKPUB BPAXOBYEThHCS JIMLIe y 6GiHAPHOMY BUTJISIZI «JIiC /He Jic», o He
Ila€ 3MOT'M ITOBHOL{HHO OL[iHUTH HOTO BIIJIMB Ha CTIUKICTbh cxuiiB. TOMy BUHHKAE MTOTPeda B KOMILJIEKCHOMY
KiJIbKICHOMY BpaxyBaHHi CTaHy, CTPyKTYPH Ta IIPOCTOPOBOTrO I0JIOXKEHHS Jiicy. MeTo1o po60oTH € po3pobJieHHs,
TeOpeTUYHE OOI'PYHTYBAHHS Ta IPAKTUYHA anpo06allis METOIVUKU F€0EKOJIOTIYHOI OL[iHKM PU3UKIB PO3BUTKY 3CYBiB
Ha OCHOBI iHTerpoBaHoi reoiHdopMaliiHOI MOZEi 3CyBHOI CIIPUIHATANBOCTI. O6’€KT AOCIIKEHHS - MPolLleCU
PO3BUTKY 3CYBIB SIK CKJIaJl0Ba €KOJIOTiyHOi 6e3neku Ykpaincekux Kapnat. IIpegmMeT nocigkeHHs -
reoiHpopmalliiiHi MeToy OLiHIOBaHHS PU3KKiB [IOLIMPEHHS 3CYBIiB 3 ypaXyBaHHSIM KiJIbKICHUX XapaKT€pUCTUK
J1iCOBOTO MOKPUBY. Y pOOOTi 3aCTOCOBAHO CUCTEMHUIA i MOPIBHANBHUI aHaJIi3, METOM OUCTAHLIHOTIO 30HAYBaHHS
3emui, aHasIi3 pacTPOBUX i BEKTOPHUX JaHUX, 6ydepHuil aHasis, MeToJ;, 4aCTOTHOTO CIiBBifHOIEHHS Frequency
Ratio, anroputrm Random Forest Feature Importance, jsiorictuyHe KasnibpyBaHHsI, KjacTepHUi, GaKTOpHMII aHai3 i
METOJ, TOJIOBHUX KOMIIOHEHT. JI0CIipKEeHHS] BUKOHAHO Ha TPhOX MOJIiroHax B YkpaiHchkux Kapnarax, mo
oxorumoBanu 236, 190 ta 1509 3cyBHux 11posiBiB. PO3po6iieHa Mozesib BKIIOYAE IT'SITh TEMATUYHUX GJIOKIB:
MOpdOMETPUYHNUI, TiIPOJIOTiYHNA, J1iCOBUMA, F€0JIOrYHMH 1 KyliMaTUYHUH. []7151 1iCOBOTO 6JI0KY 3aIIpOIIOHOBAHO
IIiCTbh IOKA3HUKIB: 6JIM3bKICTb 4O MEXI JIiCy, IiJIbHICTB J1iCOBOTO IIOKPUBY, TUII Jlicy, ammiityga NDVI, Brpartu jicy y
2001-2023 pp. Ta YyacTKa JICy BUIlle IO CXUJIy BilIHOCHO 3CyBHOTO NposiBy. Bukopucrano gani ESA WorldCover 2021,
Hansen Global Forest Change, Copernicus Global Land Cover, Sentinel-2, ALOS AW3D30, MERIT Hydro, WorldPop
i JRC GHSL. HaykoBa HOBU3HA I0JIsITa€ B TOMY, 110 BIIEpIle AJ1s1 YKpaiHCbkuX Kaprar HayKoBO OGI'PYHTOBAHO Ta
KUJIBKICHO HiATBEPIYKEHO POJIb JIICOBOTO MTOKPUBY SIK YMHHUKA PErYJII0BAHHS 3CYBHOI CIIPUMHATIINBOCTI.
BcTaHOBJIEHO CTaTUCTUYHY 3HAYYLIICTh [TOKA3HUKIB CTaHY, CTPYKTYPU Ta IIPOCTOPOBOTO MOJIOKEHHS JIiCY, a TAKOX
NiABUILEHY IPUYPOYEHICTb 3CYBIiB 1O IPUKPANOBUX 30H MK JIiCOBUMU I 6€3/1iCOBUMU TEPUTOPISIMU. YIOCKOHAIEHO
IiAxin 4o MozesIoBaHHS HMIJIIXOM NoegHaHHS Frequency Ratio g1 kaniopyBanHs dakTopis i Random Forest
Feature Importance 1151 BuU3Ha4eHHs ix Bar. [lofanbpmoro po3BUTKy HabyJla METOMKA OLiHIOBAHHS PU3UKIB 1J1s
HaceJleHHs, iIHPPacTPyKTypH Ta IIPUPOLOOXOPOHHUX TEPUTOPIN. YCTaHOBJIEHO, 10 JiCUCTICTh 3aKapraTChbKOro
NoJ1iroHy 3meHmusnacs 3 71 % y 1990 p. no 62 % y 2010 p., miciis 4oro BigHOBUacs 1o 70 % y 2020 p. BugsieHo, mo
73 % i3 1509 3cyBiB po3ramoBaHi B Mexkax 500 M Bif Kpato slicoBoro macuBy. Ha okpemux nostironax 61 % i 84 %
3CyBiB MicTunucs B pagiyci 100 M Bif, OiJISHOK i3 TOPYIIEHHAMU JIiCOBOTO IIOKPUBY. 3a pe3yibTaTaMu MOZEIOBAHHS
40,2 % TepuTopii 6a30BOro MOJIroHy BijHECEHO [I0 KJIACiB BUCOKOI Ta Iy)Ke BUCOKOI CIIPUIHSITIAMBOCTI, Y SIKUX
30CEpPEIKEHO 74,6 % 3aOKYMEHTOBAHUX 3CYBiB. Basmiganis nokasasna, mo 88,1 % TeCTOBUX 3CYBiB IIOTPaINWIN 10
KJIACiB C€pEeHbOI, BUCOKOI Ta AyKe BUCOKOI cripuiHATAMBOCTI. 3Ha4eHHs1 AUC ROC cranosuiu 0,72 njis
ycnimzocTi Ta 0,69 A1 TpOrHo3y, MO CBiIYUTh PO JLOCTATHIO SKiCTh MOJeJli. [IpakTU4He 3HaY€HHS Pe3yJIbTaTiB
IIOJISITA€ Y MOKJIMBOCTI BUKOPUCTAHHS PO3pO0JI€HOI METOIMKY Ta KapT [Jis1 NpiopyTU3aliii MOHITOpUHTY
3CYBOHEO0E3IEYHNX TEPUTOPil, OOIPYHTYBaHHS JiCOTOCNIOJAPChKUX 3aXO0/iB, TEPUTOPIaIbHOTO MJIaHYBAHHS,
azanTatii 1o 3MiH KJIiMaTty Ta 36epe>keHHs1 6iopisHoMaHITTs. Peanizauis Ha ninatdopmi Google Earth Engine
3a0e3revye BiITBOPIOBAHICTb i MOXKJIMBICTb MaclITabyBaHHS MifIX0oAy Ha iHIIi IripchKi perioHu. 3a TeMolo aucepTaii
oIny6J1ikoBaHo 11 HayKOBUX Ipallb, 8 OCHOBHI pe3yJIbTaTy allpoOOBaHO Ha Mi’KHAPOJHUX i perioHajIbHUX HayKOBO-

[IPaKTUYHUX KOH(pEPEHLisX.

2. Rushchak V. O. Geoecological Assessment of Landslide Development Risks Considering the Condition of the
Forest Cover of the Territory. Dissertation for the degree of Doctor of Philosophy in specialty 101 “Ecology”, field of
knowledge 10 “Natural Sciences”. Ivano-Frankivsk National Technical University of Oil and Gas, Ivano-Frankivsk,
2026. The dissertation is devoted to the development and practical testing of a comprehensive methodology for
the geoecological assessment of landslide development risks, taking into account the condition of forest cover. The
proposed approach is based on integrated geoinformation modelling of landslide susceptibility on the Google
Earth Engine cloud platform, where forest cover is distinguished as an independent structural block with
quantitative parameterisation. The relevance of the study is determined by the widespread occurrence of
landslides in the Ukrainian Carpathians, where their activation is influenced by flysch geological structure, steep
slopes, considerable precipitation, and anthropogenic forest transformation. In many regional models, forest cover
is considered only in the binary form “forest/non-forest”, which does not fully reflect its influence on slope
stability. Therefore, a comprehensive quantitative assessment of forest condition, structure, and spatial position is



required. The aim of the study is to develop, theoretically substantiate, and practically test a methodology for the
geoecological assessment of landslide development risks based on an integrated geoinformation model of landslide
susceptibility. The object of the study is landslide development processes as a component of the environmental
safety of the Ukrainian Carpathians. The subject of the study is geoinformation methods for assessing landslide
distribution risks, taking into account quantitative characteristics of forest cover. The study applies systemic and
comparative analysis, remote sensing methods, raster and vector data analysis, buffer analysis, the Frequency
Ratio method, the Random Forest Feature Importance algorithm, logistic calibration, cluster and factor analyses,
and principal component analysis. The research was conducted within three study areas in the Ukrainian
Carpathians, covering 236, 190, and 1,509 landslide occurrences. The developed model includes five thematic
blocks: morphometric, hydrological, forest, geological, and climatic. Six indicators were proposed for the forest
block: proximity to the forest edge, forest cover density, forest type, NDVI amplitude, forest loss during
2001-2023, and the proportion of forest upslope relative to a landslide occurrence. Data from ESA WorldCover
2021, Hansen Global Forest Change, Copernicus Global Land Cover, Sentinel-2, ALOS AW3D30, MERIT Hydro,
WorldPop, and JRC GHSL were used. The scientific novelty lies in the fact that, for the first time in the Ukrainian
Carpathians, the role of forest cover as a factor regulating landslide susceptibility has been scientifically
substantiated and quantitatively confirmed. The statistical significance of indicators describing forest condition,
structure, and spatial position was established, as well as the increased concentration of landslides in forest-edge
zones between forested and non-forested areas. The modelling approach was improved by combining Frequency
Ratio for factor calibration and Random Forest Feature Importance for determining factor weights. The
methodology for assessing risks to the population, infrastructure, and protected areas was further developed. It
was established that forest cover within the Zakarpattia study area decreased from 71% in 1990 to 62% in 2010 and
then recovered to 70% in 2020. It was found that 73% of the 1,509 landslides were located within 500 m of the
forest edge. Within individual study areas, 61% and 84% of landslides were located within 100 m of areas with
forest cover disturbance. According to the modelling results, 40.2% of the primary study area was classified as
having high and very high susceptibility, with 74.6% of documented landslides concentrated in these classes.
Validation showed that 88.1% of the test landslides fell within the medium, high, and very high susceptibility
classes. The AUC ROC values were 0.72 for model success and 0.69 for prediction, indicating satisfactory model
performance. The practical significance of the results lies in the possibility of using the developed methodology
and maps to prioritise monitoring of landslide-prone areas, substantiate forest management measures, support
spatial planning, adapt to climate change, and preserve biodiversity. Implementation on the Google Earth Engine
platform ensures reproducibility and the potential to scale the approach to other mountainous regions. Eleven
scientific papers have been published on the dissertation topic, and the main results have been presented at
international and regional scientific and practical conferences.
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