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Annotanusi. CTenHble 9KOCUCTEMbI KPUTHYECKH BaXKHBI JUTS TII00AJIBHOTO CTOKA YIVIEpo/a, HO YSI3BUMBI
K KJIIMMaTH4YeCKUM M aHTPOTIOTCHHBIM BO3JCHCTBHAM. [T100abHBIN BKIIAJ] CTETEH U APYTHUX TPaBSHBIX IKOCH-
CTEM B Ha3eMHBIN CTOK ymiepona onenuaerca npumepHo B 0,5 IIr C B roa, uTto cocrasisieT okono 18 % ot
00111ero oObeMa TOTIIOICHUSI aHTPOIIOTEHHBIX TAPHUKOBBIX I'a30B Ha3eMHBIMU dKOocHcTeMaMu. [loHnmanue
€CTECTBEHHOT0 aOMOTHYECKOro 0aszuca CIY)KUT TOYKOHM OTcYeTa ISl OLEHKH aHTPOIIOTEHHOTO BIIMSIHUS Ha
crenuble tanamadTel. Llens HacTosero uecnenoBanust — IpUMEHUTh MeTo 00y4denust DAG st BhIsSIBICHUS
1 KOJIMYECTBEHHON OLICHKH IPHYMHHO-CIICICTBEHHBIX CBsI3el MEXXIy aOMOTHYECKMMH (hakTopamu (Tororpa-
(ueli, MOYBEHHBIMU U KIIMMAaTHYECKUMH XapaKTePHUCTUKAMH) ¥ HaJ3EMHOM (PUTOMACCON CTEIHBIX IKOCHCTEM.
Ha crennpix yuactkax B npenenax Jlyranckoit n [lonenkoit Haponusix pecryonuk (JIHP u JIHP) 6bw10 cre-
HepupoBaHo 10000 ciayvaiiHeix Todek. J{ms kaxmoit Toukn u3 paHHbIX Sentinel-2 Level-2A (2021-2025 rr)
u3BiedYeHbl BpeMeHHble psiabl unaexkcos NDVI, EVI, NDWI u BSI, crnakeHHbIe METOIOM TUCKPETHOTO KO-
CHUHYCHOTO mpeoOpa3oBanusi. Mrorosas BeiOopka coctaBmia S0000 HaOmomenuit. s KOHBEpTAIlMH 3HAUC-
HUH BEreTanMoHHBIX MHJEKCOB B KOJMYCCTBEHHBIC OLCHKHM Ha/I3eMHOHN (PUTOMACCHI MCHONB30BAIHN JaHHBIC
nosieBbIX m3Mepennit (2024-2025 rr.) B noctynueix paiionax JIHP u JIHP na 65 npoOHbIX ruromaakax, Ha
KOTOPBIX B NEPUOJ aKTMBHOW BEreTallMy MPOBOJMIM CKAalIMBaHWE W B3BEUIMBAHHE HAJ3€MHOH (DPUTOMACCHI.
BaiiecoBckast ceTh BBISIBUIIA TPEXKACKAIHYIO apXUTEKTYPY, I7Ie MAKPOKIMMAT U TOTorpadust JeTepPMHUHUPYIOT
MIOYBEHHBIE CBOMCTBA, HAMPAMYIO YIPABIISIIOIUE NPOAYKTUBHOCTBIO. JJOMUHUPYIOIIYIO POJIb UTPAET JOCTYTI-
HOCTB BJIard (OCaJKH M WHJIEKC Tororpaguyeckoil BIaXHOCTH), o0bsicHstomas 20,3 % aucnepcenu guromac-
CBL. DTa rUJIPOJIOTHYECKasl IETEPMUHUPOBAHHOCTD YKa3bIBAET HA BEICOKYIO YSI3BUMOCTB CTENEN K apuAN3aLIUY.
CdopmupoBana METOAOJIOTHYECKAst OCHOBA ISl Pa3/IeTICHUS €CTECTBEHHONW M3MEHYMBOCTH U JICTpaJjalluy, He-
obxouMast Juisl pa3padOoTKH MPUPOAOOPUEHTUPOBAHHOTO 3EMJICTIONB30BAHNS M COXPAHEHHST HA3eMHOTO CTOKa
yrieposa.

Ki1ioueBble cj10Ba: CTENHBIE 9KOCHCTEMBI, Ha/l3eMHasl (huToMacca, HalpaBJICHHBIE AlIUKIIMYECKHE rpadbl
(DAG), abuotnueckuii 6a3uc, apuan3anys, CTOK yrieposa.

DIRECT AND INDIRECT EFFECTS OF ABIOTIC FACTORS
ON THE PRODUCTIVITY OF GRASS STEPPES:
STATISTICAL RECONSTRUCTION OF CAUSE-AND-EFFECT RELATIONSHIPS

LL Strelnikov', A.A. Magaeva', L.V. Sheverdyaev'

Abstract. Steppe ecosystems are critically important for global carbon sink, but they are vulnerable to
climatic and anthropogenic impacts. The global contribution of steppes and other grass ecosystems to terrestrial
carbon sink is estimated at about 0.5 Pg C per year, which is about 18% of the total anthropogenic greenhouse
gas uptake by terrestrial ecosystems. Understanding the natural abiotic basis is a starting point for assessing the
anthropogenic impact on steppe landscapes. The purpose of this study is to apply the DAG learning method to
identify and quantify the causal relationships between abiotic factors (topography, soil and climatic features)
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and the aboveground phytomass of steppe ecosystems. 10,000 random points were generated in the steppe
areas within the Lugansk and Donetsk people’s republics (LPR and DPR). For each point, time series of
NDVI, EVI, NDWI, and BSI indices smoothed by the discrete cosine transform method were extracted from
Sentinel-2 Level-2A data (2021-2025). The final sample was 50,000 observations. To convert the values of
vegetation indices into quantitative estimates of aboveground phytomass, field measurement data of 20242025
was used in accessible areas of the DPR and LPR at 65 trial sites, where mowing and weighing of aboveground
phytomass was carried out during the active vegetation period. The Bayesian network has revealed a three-
stage architecture, where the macroclimate and topography determine the soil properties that directly control
productivity. The dominant role is played by the availability of moisture (precipitation and topographic wetness
index), which explains 20.3% of the phytomass dispersion. This hydrological determinism indicates the high
vulnerability of the steppes to aridization. The work forms a methodological basis for the separation of natural
variability and degradation, necessary for the development of nature-based land management and conservation
of terrestrial carbon runoff.

Keywords: steppe ecosystems, aboveground biomass, Directed Acyclic Graphs (DAG), abiotic baseline,
aridification, carbon sink.
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