358 [lepHarbie xuwHUKM 1 nx oxpaHa 2023, Cneusbirn. 2

Marepuanrbl KOH(hepeHLnit

OPEN DATA SOURCES FOR SPECIES DISTRIBUTION MODELLING:
BIODIVERSITY INFORMATION SYSTEMS AND SPATIAL DATASETS OF

ENVIRONMENTAL CONDITIONS VARIABLES

Shashkov M.P. (Karaganda Buketov University, Karaganda, Kazakhstan)

Contact:
Maxim Shashkov
max.carabus@gmail.com

Recommended citation: Shashkov M.P. Open Data Sources for Species Distribution Modelling: Biodiversity In-
formation Systems and Spatial Datasets of Environmental Conditions Variables. — Raptors Conservation. 2023.
S2: 358-362. DOI: 10.19074/1814-8654-2023-2-358-362 URL: http:/ /rrren.ru/en/archives /35137

BIOKLIM, the first algorithm for habitat
modelling (Species Distribution Modelling
(SDM)), was developed in the 1980s. This
area of population and ecological research
began to gain prominence with the wide
availability of computers, development of
the Internet, and development of open re-
sources that provide access to data on spe-
cies occurrences and environmental factors.

Most algorithms for SDM (with the ex-
ception of the first “bioclimatic envelope”
methods) are based on regression analysis
and machine learning. The most commonly
used today is the MaxEnt maximum entro-
py method. All methods achieve the objec-
tive of revealing quantitative relationships
between occurrences of the focal species and
environmental variable values where the
species occurs, with subsequent extrapola-
tion of the ensuing patterns across the entire
study area. The result is an assessment of
habitat suitability (probability of occurrence)
for the species within the study area.

Species distribution modelling methods
are implemented both as standalone soft-
ware products (MaxEnt) and as modules for
GIS (and for QGIS, SDMToolbox for ArcGIS,
etc.) and packages for the R environment
(dismo, biomod2, ENMTools, etc.).

Any species distribution modelling meth-
od requires two types of input data: (1) oc-
currences of the focal species, represented as
a set of points with geographic coordinates;
and (2) environmental variables (predictors)
that may be valuable for species distribution,
in the format of continuous raster layers.

Considerable advances in the digitiza-
tion of scientific collections around the
globe and development of other sources
for species distribution data have made
it possible for researchers to significantly
augment their own data to develop more
accurate models. Such data are available
through thematic repositories, the largest
of which is the Global Biodiversity Infor-
mation Facility — GBIF, which currently

provides over 2.5 billion occurrences, two-
thirds of which relate to birds. Along with
data derived from scientific collections,
GBIF hosts data from multiple citizen sci-
ence systems as well. The largest of these
is eBird, with 1,277.5 million observations.
The iNaturalist system has about 20 million
bird observations. A much smaller fraction
of data comes from biological collections
(8.5 million) and automatic observation
systems (camera traps and satellite track-
ers, 9.5 million). GBIF has accumulated
195,000 bird observations in Kazakhstan,
in addition to the above-mentioned data,
originating in the following observation
systems: Raptors of the World, RU-BIRDS.
RU, Hatikka.fi, and Observation.org.

The volume of available data on focal spe-
cies occurrence can reach tens of thousands
of records, but much less is required for
modelling; for this reason, data filtering and
quality control are important steps. When
compiling an input dataset of occurrences,
the researcher must consider the biological
features of focal species. In birds, the cir-
cumstances in which a particular individual
was encountered is important: on the nest,
while hunting during nesting, overwinter-
ing, migrating, etc., as well as age group. It
is also necessary to note which part of the
range is used in the model: breeding, win-
tering ground, or year-round presence. The
records of target species’ occurrences should
be more or less evenly distributed over the
area of interest, should not raise questions
regarding identification, and should have
a geographical accuracy comparable to the
resolution of the predictor layers used.

The environmental variables most in de-
mand are bioclimatic data from the World-
Clim resource. Those data reflect the distri-
bution of precipitation and long-term aver-
age temperature. Information on soil condi-
tions is provided by SoilGrid250. Layers for
land surface classification by habitat type
are also available: qualitative (Global Land
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Cover 2000) and quantitative (Global 1-km
Consensus Land Cover). Remote sensing
imagery data from the Landsat and Sentinel
satellite series are often used as predictors.
Both particular image channels and layers
with indexes calculated on that basis (e.g.,
NDVI - Normalized Difference Vegetation
Index) can be included in the analysis. The
SRTM (Shuttle Radar Topography Mission)
digital surface model is also in wide use.

It is important to test the predictors for
multicollinearity, as strongly correlated fac-
tors will introduce uncertainty in the result-
ing model. The test is performed over the
set of values that spatially correspond to the
species occurrences, rather than over the en-
tire area of the layers. Among two correlated
layers, the less environmentally dependent
one is usually left, for which the working
hypothesis is tested or allowing comparison
of the results with other studies. It is recom-
mended that correlation coefficient values
> (0.7 be taken as critical. Predictor selection

should be based on focal species biology
and ecology. For some species, topography
may be important, not only elevation but
also, for example, slope steepness. In species
associated with wetlands, it is important to
include layers related to the hydrological
network. The influence of factors can be
both direct and indirect. For example, a par-
ticular bird species nests in an area with a
certain range of mean annual temperatures,
but at the local level, it chooses habitats rich
in food resources, which in turn may be as-
sociated with certain soil characteristics or
vegetation types. Therefore, initial model
builds typically use multiple layers of envi-
ronmental variables to identify significant
factors and the nature of their influence on
the probability of encountering the target
species. Usually, no more than ten predic-
tors remain in the final model. There must
be at least ten points of occurrence of the fo-
cal species for each predictor to build a good
quality model.
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IlepBBlit AaATOPUTM AASL MOAEAVIPOBAHWSI
apeanos (Species Distribution Modelling —
SDM), BIOCLIM, mostBuacst B 1980x. Habu-
paTh HOIyASIPHOCTh AAHHOE HaIlpaBAEHMe
ITOITY ASILIVIOHHBIX Y SKOAOTMUYECKUX MICCAE-
AOBaHMI Ha4aAO C IOSIBAEHMEM AOCTYII-
HOV KOMIIBIOTEPHOI TEXHVKI, pa3BUTHEM
cetn VHTepHeT, a TakXe ¢ pa3paboTKou
OTKPBITBIX PeCypCOB, MPEAOCTaBASIOLINX
AOCTYyII K AQHHBIM O PacIpOCTpaHeHV
6MOAOTMYECKIIX BAOB M YCAOBUSIM CPEABL.

BOABIIMHCTBO AaATOPUTMOB IIOCTPOEHMS
MoOAeAelt apeanoB (3a UCKAIOUEHMEM IIep-
BBIX METOAOB «BMOKAMMATUUECKON 060-
AOUKM») OCHOBaHBI Ha PerpeccOHHOM
aHaAM3e U MalMHHOM ob6yuervm. Hanbo-
Aee MCIIOAb3YEMBIM Ha CETOAHS SIBASIETCSI

MeTOA MaKcMMaAbHOM sHTpormmt MaxEnt.
Bce MeTOABI pelIaroT 3apavuy yCTaHOBAE-
HISI KOAMYECTBEHHBIX B3aMMOOTHOIIIEHII
MeXAy TOUKaMI BCTped IIeAeBOTO BUAA U
3HaYeHUSIMU IIepeMEeHHBIX CPEeABbI B HUX C
IIOCAEAYIOIIEN 5KCTPAIIOASIIINEN YCTaHOB-
AEHHBIX 3aKOHOMEPHOCTeN Ha BCIO TEPPU-
TOPMIO MCCAEAOBaHMS. Pe3yapTratom siB-
ASIETCSI OLIEHKa IIPUTOAHOCTY MeCTOObU-
TaHWI (BEPOSITHOCTM BCTPEUM) AASL IIeAe-
BOTO BIMAA Ha MICCAEAYEMOI TEPPUTOPHINL.

MeTOoABI MOAEAVIPOBAHIISI APEAAOB PEAAT-
30BaHbI KaK BIAE OTAEABHBIX IIPOTPaMMHBIX
mpoaykToB (MaxEnt), Tak n Buae Moayaelt
arst THC (smd aast QGIS, SDMToolbox
AAst ArcGIS m Ap.) 1 TTakeToB AAsT cpeabI R
(dismo, biomod2, ENMTools n mmp.).
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Pabota AT060ro MeToAa MOAEAVPOBAHIS
apeanOB OCHOBaHa Ha ABYX THMIIaX BXOA-
HBIX AAHHBIX: (1) BCTpeun IIeAeBOTO BMAQ,
IpeACTaBAEHHbBIE B BUAe Habopa Todek ¢
reorpadpMdecKMMm KoopAuMHaTamu, u (2)
YCAOBMSI CpeAbI, KOTOpble MOTYT OIlpeAe-
ASTh paclpocTpaHeHMe M3y4aeMoTro BMAA
(mpeauKTOpBI), B popMaTe HeMPepPhIBHbIX
PacTpOBBIX CAOEB.

baarosapsi 3HauMTeABHBIM ycIlexaM B
06AacTy OIMPPOBKM MUPOBBIX HayUHBIX
KOAAEKIIVIA ¥ APYTMX ICTOUHMKOB AQHHBIX
O PpacIpOCTpaHEHMM BUAOB Y MCCAEAO-
BaTeAell IOSIBMAACh BO3MOXKHOCTD CyIIle-
CTBEHHO AOIIOAHUTH COOCTBEHHbBIE COOPBI
AASL TIOAYYeHNST 60Aee TOUHBIX MOAEAENL.
Taxue AaHHbBIE AOCTYIIHBI Yepe3 TeMaTy-
UeckKye Pero3uUTOpUY, KPYIHeNMIMM U3
KOTOphIX siBAsieTcst ['aobanpHast HoOp-
marmonHas: Cucrema o 6MopasHoobpasym
GBIF, ob6beauHSIONMIAST HA CETOAHSIITHUI
AeHb H6oAee 2,5 MAPA. HAXOAOK, ABe TPeTH
13 KOTOPBIX OTHOCATCS K ITymam. ITomu-
MO HayuHbIX KoAreximit B GBIF mmpoko
IIpeAcTaBA€HBI paHHbIe 13 cucTeM Citizen
Science. KpynHsermeii 13 HuX SBAsETCS
eBird, Bxkarouaromias 1277,5 MAH. HabAmo-
Aenmit. Cucrema iNaturalist HacunThIBaeT
0KOAO 20 MAH. HABAIOACHVI IITULIL. I'opas-
AO MEHBIIVII O6BEM AAHHBIX IIPOVICXOAUT
3 OMOAOTMUECKMX KOAACKIIMIA — 8,5 MAH.
M CIUCTEM aBTOMATUYECKOrO HaBGAIOACHIS
(dpoTOAOBYIIIEK M CITy THMKOBBIX TPEKEPOB)
— 9,5 maa. Aas Kasaxcrana B GBIF Mox-
HO HaliTy 195 ThIC. HAXOAOK OTHLI, KpOMe
BBIIIIEYIIOMSIHYTBIX, IPOMCXOASIINE TaK-
xe 13 cuctem: Raptors of the World, RU-
BIRDS.RU, Hatikka.fi m Observation.org.

O6béM AOCTYIHBIX AAQHHBIX O BCTpe-
YyaxX [EAEBOTO BUMAA MOXET MCUMCASITHCS
AECSITKAaMM TBICSTY 3aIlMCel, HO AASI IO-
CTPOEHMSI MOAEAM MCIIOAb3yeTCsI Topas-
AO MeHblIle, TIO9TOMY Ba’XHBIM 3TaIlOM
SIBASIETCSI OTOOP AAHHBIX ¥ KOHTPOAD MX
xavectBa. Ilpum dopmmpoBaHmm BXOA-
HOTO Habopa AAHHBIX O BCTpedax IeAe-
BBIX BMAOB MCCAEAOBATEAID HEOOXOAMMO
YUIUTBIBATDH OMOAOTMUECKIIE OCOOEHHOCTH
06BeKTOB. AAST ITHUI] BaXKHO, IPU KaKMX
0bCTOSITEABCTBAX OBIAA BCTpedeHa AaH-
Hasi 0cOOb: Ha T'He3Ae, BO BpeMsl OXOTBI
Ha THe3A0BOM ydJacTKe, 3IMOBKe, IIPOAE-
Te M T.A, a TakKXe K KaKOMY BO3PacTHOMY
COCTOSTHMIO OHa oTHOCuTCsI. Heobxoammo
TakXXe yUYMTBIBaTh, Kaxkasl 4acTbh apeaia
O6yAeT BKAIOUEHa B MOAEADb: THe3AOBa-
HUSI, 3UMOBKM MAM KPYTAOTOAMYHOTO
npucyTcTBus. TOUkM BCTped IIeAeBOTO
BIAAQ AOAKHBI OBITH 60Aee-MeHee paBHO-

MepHO pacHpeAeAeHbl II0 TepPUTOPUK
MHTepeca, He BbI3bIBaTbh COMHEHMS B KOP-
PEKTHOCTHM OIlpeAeAeHNs BUAA M MMeThb
TOYHOCTb Teorpadpuyeckoll IpUBSI3KH,
COTIOCTaBMMYIO C pa3pelleHNeM MCIIOAD-
3yeMBIX CAOEB IPEeAVKTOPOB.

Hambonree BocTpeboBaHHBIE IepeMeH-
Hble CpeAbl — 5TO OMOKAMMATHYeCKMe
Aansble pecypca WorldClim, onmceisaro-
IIVe paclpereAeHNe OCAaAKOB M CpeAHelt
MHOTOAeTHelt TeMmrepaTypbl. CBeaeHMS
O IIOYBEHHBIX YCAOBUSIX IIPEAOCTaBASIET
pecypc SoilGrid250. Taxke AOCTYIHBI
CAOM, KAaccupUIMPYIOLIMe 3eMHYIO IIO-
BEPXHOCTh IO THUIIAM MeCTOOOMTaHMIL:
xauectrBeHHbIe (Global Land Cover 2000)
u koanuectBeHHbie (Global 1-km Consen-
sus Land Cover). Kpome Toro, B xauecTse
MIPeAVIKTOPOB YacTO MCIIOAB3YIOTCS AaH-
Hble CIYTHMKOBOM CBEMKM, ITOAYUEHHbIe
co cmyTHUKOB cepuit Landsat 1 Sentinel. B
aHaAM3 MOXXHO BKAIOUATH KaK OTAEAbHbBIE
KaHaABI M300pakeHMIT, TaK U CAOM C Xa-
paxTepUCTUKaMM, BBIUMCAEHHBIMM Ha MX
ocHoBe (Hampumep, NDVI — Hopmaamuso-
BaHHBIN OTHOCUTEABHbBIN BereTallMOHHbBIN
mHAeKc). Taxke IIMPOKO MCIIOAB3YyeTcs
umdpoBas MOAeAb moBepxHocT SRTM
(Shuttle Radar Topography Mission).

CAoM TpeAMKTOPOB BaXHO IIpOBe-
PSATb Ha MYABTMKOAAMHEApPHOCTDb, TaK
KaK CMABHO B3aMMOCBsI3aHHBIE (paKTO-
pBl 6YAYT BHOCUTH HeOIpeAeAeHHOCTb
B pe3yAbTaT MoAeAupoBaHms. IIposep-
Ka MAET He IO BCEM IIAOLIAAM CAOEB, a
TOABKO IT0 Hab0py 3HaYeHMIt, IPOCTPaH-
CTBEHHO COOTBETCTBYIOIIMX HaXOAKaM
BuAa. 3 AByX CBSI3aHHBIX CAOEB OOBIU-
HO OCTaBASIIOT MeHee 3aBUCUMBbIN, AMOO
B OTHOIIEHMM KOTOPOTO IIpOBepsieTcs
pabouass TmmoTesa, AMO60 IIO3BOASIO-
TN CPaBHUTb pe3yAbTaThl C AAHHBIMHU
ApyTrux uccaepoBaHmUit. PexoMeHAyeTcs
NpUHMMAaTh 3HaUeHUs Ko3ddpuimeHTa
Koppeasuym > 0,7 Kaxk KpuTHU4Ueckoe.
Bo160p MpeAMKTOPOB AOAXEH OBITH 00-
YCAOBAEH OCOGEHHOCTSIMU OMOAOTVM M
SKOAOTUM IIEA€BOTO BMAA. AAST KaKmx-
TO BMAOB MOXeT OBITh BaXXeH peAbed,
NpU4YéM He TOABKO BBICOTBI Hap ypOB-
HeM MOps, HO ¥, HalpuMep, KpyTU3HA
CKAOHOB. AASI BUMAOB, CBSI3aHHBIX C BO-
AHO-60AOTHBIMU YTOABSIMM, BaXKHO JIC-
IIOAB30BaTh TIMApPOCeTb. BosaelicTue
¢dakTOpOoB MOXeT OBITh KaK IIPSMBIM,
TaKk ¥ OIOCpeAOBaHHBIM. Hampumep,
KOHKPEeTHBIN BMA ITHI] THe3AMTCS Ha
TepPUTOPUM C OIpeAeAEHHBIM AMala-
30HOM CpPeAHETOAOBBIX TeMIlepaTyp, HO
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Ha AOKaAbBHOM YPOBHE BI)I6I/IpaET MeCTO-
O6I/ITaHI/I$I, 6oraTbie IIPUTOAHBIMU AAS
Hero ImMiueBbIMU pecypcaMM, KOTOpbIe
B CBOIO O4YepeAb MOTYT 6BITH CBSI3aHBI C
OHpeAeAéHHbIMI/I IIOYBEHHbBIMM Xapak-
TEPUCTUKAMIU VAU TUIIOM PaACTUTEAD-
HOCTMN. HOBTOMY IIpy TeCTOBBIX ITOCTPO-
€HUSIX MOAEeAeN, Kak IIpaBUAO, VICIIOADb-
3YIOT MHOT'O CAO€B C XapaKTepUCTUKaAMU

CPeAbBl C IIEABIO BBISIBACHUS 3HAUMMBIX
daxTOpOoB 1 XapakTepa UX BAUSHUS Ha
BEpPOSITHOCTh BCTpeUM IIEAEBOTO BUAA.
B KoHeUHOJ MOAeAM OCTaéTcsi OOBIYHO
He 60oAee AeCSTU MPeAMKTOPOB. AAs TIO-
CTpOEeHMSI KaueCTBeHHOM MOAeAM Heob-
XOAMMO, UTO6BI Ha KaXKAbIii IIPEAKTOP
6bIAO He MeHee AeCSITU TOUeK BCTped Iie-
AeBOTO BUAQ.

TAPANTY AMMAKTAPObI (APEANOAPObLI) MOOENBbOEY YLWIH ALUbIK
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Tvpaepain TapaAyblH MOAEAbAeY
(Species Distribution Modelling — SDM)
6ipinmi BIOCLIM aaropurmi 1980 XbIa-
Aapbl maiipaa 60aabl. Tlomyasms MeH
SKOAOIMSIABIK 3€pTTeyAepAiH 6VA cara-
CBbI KOAXETIMAI KOMIBIOTEPAIK TEXHOAO-
IUSIAQPABIH aliAa 60AYBIMEH, MHTEPHET-
TiH AaMybIMeH, COHAAM-aK 6MOAOTMSIABIK
TVPAEPAIH TapaAybl MeH KOpllaFaH OpTa
XaFpaliaapbl TypaAbl AepeKTepre KOA
XeTKi3yAl KaMTaMachI3 eTeTiH alllbIK pe-
CypCTapABIH AaMybIMEeH TaHBIMaA boaa
6acTaAbl.

TipmriaiK eTy OpTachIHBIH MOAEAbAE-
PiH KVpy¥a apHaAfaH aATOPUTMAEpPAiH
KOMMIiAiTi (bipiHII «6MOKAMMATTBIK Ka-
OBIK» dAiCTepiH KoCIaraHAA) perpeccus-
ABIK TaAAayFa Xd>He MalllMHAABIK OKbI-
TyFa Heri3aeAreH. bvriHri Tanaa eH xen
KOAAAHBIAATBIH 9Aic MaxEnt Makcmuman-
ABI SHTPOIMSI 3Aici OOABII TabBIAAABI.
BapabIK saAicTep MakcaTThl TVpAepAiH
Ke3aecy HVKTeAepi MeH OAapAarbl KOp-
IIafaH OpTa allHbIMaAbIAApPBIHBIH M3H-
Aepi apacbIHAAQFBI CaHABIK OalfAaHBIC-
TapAbl OpHATy M3CEAeCiH LIelleAi, coaaH
KelliH 6eATiAeHTeH 3aHABIABIKTApPABI 6V-
KiA 3epTTey aliMarbIHa SKCTPAITOASILIVSI-
Aariabl. HaTuke — 3epTTeaeTiH aymak-
TaFbl MaKCaTThl TVP VIIiH TipLIiAik eTy

OPTacChIHBIH >XapaMABIABIFBIH (Ke3Aecy
BIKTMMAaAABIFBIH) 6aFanay.

Tipmmiaik  eTy oOpTachlH MOAEABAEY
snicTepi  Xexe 6araapAaManbIK  ©HIM-
aep (MaxEnt) tvpiaae ae, TMC Moayab-
aepi (QGIS vmir smd, ArcGIS vmin
SDMToolbox xsHe T.6.) X3He R opracsI-
Ha apHaAfaH nakerrep (dismo, biomod?2,
ENMTools 1.6.) TvpiHAe Ae XV3ere acbl-
PBIAAABL

Ke3 xeareH Tapaay aliMarbIH MOAEABAEY
SAiCiHIH XXVMBICBI Kipic AepeKTepAiH exi
TvpiHe Herizaeneai: (1) reorpadmsabik
KOOpPAVHATTApbl 6ap HVKTeAep >KMUbIHTHI-
FBI peTiHAe VCBIHBIAFAaH MaKCaTTBI TVp-
AepAiH maviaa 60AYBI X5He (2) 3epTTeAeTiH
TVPAIH TapaAybIH aHBIKTall aAaThIH KOP-
IIaFaH OpTa >KarAalAaphl. (OoAXaMaay-
IIBIAAP), V3AiKci3 pacTpAbIK KabaTrap
dopmaTbIHAQ.

AvVHre XV3iHAeTi FBIABIMM >KMHaKTap-
ABI X3He TVPAEPAIH TapaAy AepeKTepiHiH
facka Ke3aepiH IMPAAHABIPYAAFDI eAeY-
Al XKeTICTIKTepMeH 3epTTeyIIiAep AAipeK
VATiAepAi IIbIFAPY VIIIH 63 KOAACKIIVSIAA-
PBIH alfTapABIKTal TOABIKTBIPYFa MVMKIiH-
AiK aapbpl. MVHAQI AepeKTep TaKbIPBIITHIK
PENO3UTOPMIAAED aPKBIABI KOA JKeTiMAi,
onrapablH eH vakeHi GBIF xahaHABIK 6uoa-
AYaHTVPAIAIK aKImapaTThIK Xvifeci OOABIIT
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TabbIAAABI, OA Kasipri yakpITTa 2,5 MMA-
AMapATaH acTaM >Ka306aHbl KAMTVABI, OHBIH
VIITEH eKicCi KvCTapFa KaTbICTBI.

GBIF-Teri £bIABIMM XMHaKTapAaH backa
Citizen Science MaAiMeTTep XviterepiHeH
MOA aepexTep bap. OrapAbIH €H VAKeHi
— eBird, oa 1277,5 MuAAMOH 6a1§bIAaYAbI
xkamMtuabl. iNaturalist xviteci 20 MUAAMOH-
Fa XYBIK KVCTapAbI 6aKbIAAYABI KAMTHUABI.
AepexTepaiH aHaFVPABIM a3 KeaeMi 6mo-
AOTMSIABIK JKMHAKTapAaH — 8,5 MUAAMOH
JK3He aBTOMATTbI OaKbIAay XviieaepiHeH
(dpoToTV3axKTap MeH CIYTHMKTIK TpeKep-
Aep) — 9,5 MuaamonHaH Keaeai. Kasakcran
vimie Raptors of the World, RU-BIRDS.
RU, Hatikka.fi xsne Observation.org. xv-
ieaepinen opbiH aaraH GBIF-te xorapbi-
Ad alThIAFaHAAPAAH backa, 195 MbBIH KvC
TabbIAFaHBIH TabyFa 60AAADL.

MaxkcaTTel TVpAepAiH Ke3aecyi Typa-
ABI KOAAQ bap AepeKTepAiH KoaeMi OHAA-
FaH MBIH XKa30anrapAbl KVpaybl MVMKIH,
6ipa1< MOAEAbAL KVPY VIIIH 5AAeKaliaa a3
MmaliAaraHbIAAABI, COHABIKTAH MaHBI3ABI
KajaM AepeKTepAi TaHAAy K5He caraHbl
6axpIray OGOABII TabbLAaAbl. MakcaTTsl
TVPAEPAIH Ke3Aecyi Typaabl Kipic ae-
pexTep XMHaFrbIH KVPY Ke3iHAe 3epTTey-
IIi HbICAHAAQPABIH OMOAOTMSIABIK CHUIIAT-
TaMaAapbIH eckepyi kepek. Kvcrap vimin
6vA TVPAIH KaHAAlM XaFaaliaa Ke3pecTip-
TeHi MaHBI3ABI: VSIAQ, VS caAaThIH Xep-
Ae aH ayaay KesiHAe, KbICTayAad, KOHBIC
ayAapyha XsHe T.6., COHAAl-aK OHBIH
Kay xacra ekeHAIri. CoHAalT-aK MOAEAD-
re TapaAy aliMafbIHbIH KaHAAM beairi
KipeTiHiH eckepy KaXkeT: Vsl CaAy, KbIC-
Tay HeMece XbIA 601bI 60Ay. MaxcaTThbl
TVPAEPAIH Ke3AeCy HVKTeAepi KbI3bIFy-
IIBIABIK TAHBITATBIH ayMaKTBIH 6apABIK
ayMarblHAAQ a3AbI-KenTi bipkeaki Tapa-
TBIAYBI KepeK, TVPAi CoMiKecTeHAIpyAiH
AVPBICTBIFBIHA KVM3H TYABIpMaybl Ke-
PeK X9He MaiiraAaHBIAATBIH 60AXKAMABI
KabaTTapABIH PVKCATbIMEH CaABICTBIPBI-
AATBIH reociaTeMe ADAAITI GOAYBI Kepexk.

EH Tanam eTiAeTiH aybICIaAbl KOpIa-
FaH OpTa — >KaybIH-IIAIIBIHHBIH Tapa-
AYBIH X5He OpTallla V3aK Mep3iMAi TeM-
nepaTtypasbl cunatTaiTeiH WorldClim
PeCyPCBIHbIH OMOKAMMATTBIK AepeKTepi.
TompIpak >Xaraaibl TypaAbl aKIapaTTbl
S0ilGrid250 vcerHaapl. CoHbIMeH bip-
re, Xep 6eTiH TipIIiAiK eTy OpTachbIHBIH
TVpiHe Kapail XXiKTelTiH 1<a6aTTap Aa
6ap: canmaablk (Global Land Cover 2000)
x3He caHABIK (Global 1-km Consensus
Land Cover). Conpimen katap, Landsat
X5He Sentinel cepusiabl XepcepikTepiHeH

aABIHFaH CIIyTHUKTIK TVCipiAiM AepekxTe-
pi Xxui boAXay peTiHAe mHaliraraHBIAA-
Apl. Tarpay Xeke KecKiH apHaAapbIH AQ,
OAapABIH HETi3iHAe ecenTeAreH CUIaT-
TaMaAapbl 6ap KabaTTapAbl Aa KaMTYbI
MvMKiH (MbIcaabl, NDVI - eciMaik Xa-
MBIAFBICBIHBIH HOpPMaAaHFaH CaABICTBIp-
MaabI mHAeKCi). SRTM (Shuttle Radar To-
pography Mission) caHABIK 6eTTik MoAe-
Al Ae KeHIHeH KOAAAHbIAAQABI.

BoAXaMABIK AeHrelAepAi MYABTMKOA-
AMHeapABIK VIIIH TeKcepy MaHBI3ABI,
oJTKeHi ©3apa >KOFapbl 6aliraHBICTHI dpak-
TOpAAp MOAEAbAEY H3TVXeciHe beAricis-
Aix sxeaeai. Tekcepy xabaTTapAbIH 6VKiA
ajfiMarbIHAA €MeC, TeK KEeHICTiKTe TVpAeri
TaObIAFAaHAQPFa COMKeC KeAeTiH M>HAEp
KMBIHTBIFBIHAA Xvprisireai. Kocbinran
€Ki KabaTThIH 5AETTE XVMBIC IMIIOTE3aChl
TeKCEepiAeTiH HeMece HITVDKeAepAl backa
3epTTEeyA€PAIH AepeKTepiMeH CaAbICThI-
PyFa MVMKIiHAIK 6epeTiH TsyeAAiriri asbl-
pax xanaabl. Koppeasitms kosdpdramen-
TiHiH M5HAEPiH KpUTHUKAABIK peTiHae > 0,7
KabbIAAAY VCBIHBIAAABIL.

Boaxamaapabl  TaHAAy — MakcaTThl
TVPAIH OMOAOTMSICHI MEH 3KOAOTMSCHI-
HBIH epeKIleAikTepiMeH aHBIKTAAYbI
kepex. Keit6ip Tvpaep vimiH peabed Te-
Hi3 AeHrelliHeH 6UiKTiKTe FaHa eMec, Co-
HBIMEH KaTap, MbICaAbl, OeTKelAepAiH
TIKTITi A€ MaHBI3ABI 60AybI mvMmkiH. Cy-
ABI-baTIaKTHI XXepaepMeH 6aliaaHbICTBI
TVpAep VIIiH TMAPOTOPABI HaliraraHy
MaHBI3ABI.

CyabI-6aTnaxkTel XepAepMeH 6alina-
HBICTBI TVPAEp VIIiH TMAPOTOPAbBI Iai-
AaAraHy MaHbBI3ABI. DakTOpAapABIH scepi
TikeAell XsHe XaHama OOAyBI MVMKiH.
Mbicaabl, KvcTapAbIH 6eAriai 6ip Tvpi
opTallla  XBIAABIK TeMIlepaTypaHbIH
bearini 6ip AMama3oHBI 6bap aliMaxTa
Vsl CaAaAbI, 6ipa1< KePTiAiKTi AeHrei-
Ae KOAaMABI KOPeKTiK pecypcTapra bait
MeKeHAey OpTacbhlH TaHAAMABI, 6VA o3
Ke3eTiHAe 6earini 6ip TombIpaxk cmmar-
TaMaAapbIMeH HeMece OCIMAIK TvpiMmeH
barirnaHbICTBI 60AYBI MVMKiH. COHABIK-
TaH MOAEAbAEPAL CbIHAYy Ke3iHAe, 5AeTTe,
MaHBI3ABI (paKTOpAApPADBI X5HE OAapPAbIH
MaKcaTTbhl TVPMEH Ke3AeCY bIKTMMAaAAbI-
FBIHA 3Cep eTy CUIIAThIH aHbIKTAy VIIiH
KOpIllafaH OpTaHbIH CHIIaTTaMaAapbl
bap xemTereH KabaTTap KOAAAHBIAAABI.
DAeTTe COHFBI VATiAe OHHAH apThIK IIpe-
AVKTOp KaAaMmaiabl. Camanbl MOAEAbAI
KVpPY VIIiH 5pbip IpeAuKTOp VIIiH Mak-
CaTThl TVPAIH KeMiHAE OH Ke3Aecy HVK-
Teci 6OAYBI Kepex.



