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Many large raptor species are currently
rare and most of them are endangered,
and thus details of their distribution, abun-
dance, and survival are the most important
indicators for planning conservation and
restoration measures and assessing the
impacts of anthropogenic transformation
of the environment and/or climate change
on the populations of these species.
Abundance and spatial distribution of the
birds under study are determined during
field surveys. At the result, we obtain the
distribution density in individuals, pairs,
nests per unit area (for example, pairs/100
km?), or the distance between nearest or all
neighbors (represented as mathematical
values (1-5, on average 3.5+1.1 km) and/
or in graphical form (ranging from simple
lines connecting observation points to De-
launay triangulation and a network of pol-
ygons built from observation points). Fur-
ther, to generate an estimate of abundance,
one must understand the area over which
these data can be extrapolated. This is often
challenging for many researchers — incor-
rect assessment of the area of the species’
habitat distorts estimated abundance and
neutralizes censusing efforts. How can one
correctly determine the area, over which it
is possible to extrapolate censusing data?
The answer to this question can be found
by modeling in a GIS environment using
geographic layers of environmental and
spatial information, or, in current terminol-
ogy, species distribution modeling (SDM).
When using SDM (also known as habitat
or species range modeling), environmental
data (climatic and spatial variables such as
temperature, humidity, wind load, topog-

raphy, land cover, soils, etc. — predictor or
independent variables) are calculated for
geographically referenced points of a spe-
cies’” presence (dependent variable) and spe-
cies distribution is predicted using computer
algorithms and mathematical methods.

SDM is carried out in six stages: (1) idea
conceptualization, (2) data preparation
(presence and absence points or back-
ground points), (3) method selection (4)
model fitting, (5) model evaluation and (6)
habitat or area map construction.

1. Conceptualization. At this stage, we
formulate the main goal of the study and
decide on the modeling process design
based on our knowledge of the species and
the study. Data selection about the species
and the environment is an important point
at the initial stage. We decide whether to
use only our data, or use other available
data. Doing so will require some adjust-
ments to the sample design. Next, we need
to test the basic assumptions underlying
the SDM, such as whether the species is in
equilibrium with available environmental
variables, whether the data is biased in any
way (sampling bias, spatial autocorrela-
tion, etc.), whether there are any environ-
mental changes relative to the time of data
collection, etc. Selection of adequate envi-
ronmental and spatial variables, modeling
algorithm, and model complexity should
be based on study goals and the hypothe-
sis regarding the relationship between the
species under study and the environment
in the area selected for study.

2. Data preparation. At this stage, we col-
lect and process factual data about the spe-
cies (both points of presence and points of
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absence) and the environment. When pre-
paring data, particular attention should be
paid to any inconsistencies in spatial and
temporal scaling of dependent and inde-
pendent variables, i.e. cases where there is a
large spatial or temporal difference between
species and environmental data, or between
environmental data (spatial and climate var-
iables). Also, special attention should be paid
to the quality of georeferencing of points of
presence and the quality of species identifi-
cation, which, as a rule, suffers greatly if data
is collected by amateurs. In these cases, we
need to make decisions about adjusting the
data or discarding it. All SDM algorithms
require species absence information. If such
information is not available, it is replaced
by background points or “pseudo-absence”
data, which naturally has a negative impact
on the quality of the simulation, especially
on a large scale. Consideration should be
given in advance to how species data will be
separated for model training and model test-
ing if the simulation uses all data collected
and there are no plans for further testing of
the model in the field.

3. Method selection. At this stage, we
select one or several modeling methods to
combine into ensemble models.

While simple factor or cluster analyses
integrated into desktop GIS were used in
early stages of modeling, today the selec-
tion of algorithms has expanded signifi-
cantly:

Linear regression methods:

— Generalized linear model (GLM)
(Nelder, Wedderburn, 1972),

— Generalized additive model (GAM)
(Hastie, Tibshirani, 1990);

Machine learning methods:

- Maximum entropy method imple-
mented in the MaxEnt program (Soberson,
Peterson, 2005; Phillips et al., 2006; Phil-
lips, Dudik, 2008),

— Random Forest (RF) is an ensemble
learning method for classification and re-
gression that works by constructing mul-
tiple decision trees during training (Brei-
man, 2001),

— Boosted Regression Trees (BRT),

— Convolutional Neural Networks
(CNN) (LeCun et al., 1989),

— Genetic algorithm for Rule Set Produc-
tion (GARP) (Stockwell, 1999; Stockwell,
Peters, 1999),

— Machine learning supporting vec-
tor networks (Support Vector Machines,
SVM) (Cortes, Vapnik, 1995; Vapnik et al.,
1997),

— XGBoost (eXtreme Gradient Boosting,
XGB) (Chen, Guestrin, 2016).

MaxEnt and Random Forest are integrat-
ed into ArcGIS, supported in R, and avail-
able online for Google Earth Engine (GEE)
users. In recent years, GEE has become in-
creasingly popular as a resource for SDM
(Crego et al., 2022).

4. Fitting the model. This stage is key in
SDM. Having received preliminary mod-
eling data, we evaluate the contribution of
multicollinearity and decide how to deal
with it, determine how many variables can
be included in the model without retrain-
ing, evaluate spatial or temporal autocor-
relation and decide how to deal with it, de-
termine the settings of the model or several
models and choose which one provides the
result, best or average. At the same stage,
we check the plausibility of the selected re-
lationships between species’ points of pres-
ence and environmental variables by com-
paring coefficients and visually inspecting
the plotted curves on the graphs.

5. Model evaluation. At this stage, we
evaluate the forecast performance of the
final model using a set of validation or
test data: AUC (ROC) (Fielding, Bell, 1997;
Fawcett, 2006; Hosmer, Lemeshow, 2013),
TSS (Liu et al., 2005; Allouche et al., 2006);
R2 and Kappa (Brownlee, 2016; Zhang et
al., 2021). Cross-validation (spatial blocks)
is commonly used for this purpose (Rob-
erts et al., 2017; Valavi et al., 2019; Crego
et al., 2022). We also select thresholds to
binarize predicted probabilities based on
cross-validated predictions.

Cross-validation (spatial blocks) is com-
monly used for this purpose (Roberts et al.,
2017; Valavi et al., 2019; Crego et al., 2022).
We also select thresholds to binarize pre-
dicted probabilities based on cross-vali-
dated predictions.

6. Constructing a map of habitats or
range. This is the final stage of SDM, dur-
ing which we convert our predictive model
into a raster and obtain a classified image
with the percentage probability of the spe-
cies occurring in the study area for each
pixel. We calculate a probability threshold
for the species” presence on pixels that we
include in the final range map, and the size
of the buffer built around these pixels to de-
termine the area of habitat. The expediency
of using a buffer depends on the scale of the
resulting raster; the smaller the scale, the
lower the relevance of the buffer. Buffer size
is usually determined by the mean nearest
neighbor distance (MND) and, depending
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on the modeling’s goals and objectives, is
half, exactly, or twice the MND.

One must always critically evaluate the
underlying assumptions in SDM and be
aware of the potential limitations associ-
ated with a variety of factors: the ability to
detect the species, uneven sampling, limita-
tions in the selection of environmental vari-
ables, ignorance regarding certain aspects
of the species’ biology to identify patterns
in its biotopic and territorial preferences,
etc. SDM assumes that the species is in
equilibrium with its environment, that we
know and have carefully selected both the
species' point of presence and environmen-
tal data, and that we have included all the
major factors that determine the species'
range limits. It should be understood that
these aspects are not stable for several rea-
sons. First, species, especially predators,
respond dynamically to changes in the
environment, so they will exhibit certain
spatial and temporal dynamics and need
to be properly taken into account in the
modeling. Important factors that determine
a species' response to changes in its habi-
tat are its physiology, demography, ability
to disperse, degree of tolerance to urbani-
zation, degree of adaptation to changes in
environmental factors, and interspecific
interactions. All these factors engage seem-
ingly constantly over time, including here
and now, and ignoring them can signifi-
cantly distort modeling results. Therefore,
the ideal option for SDM is to check results
in the field and adjust them.

Unfortunately, most ornithologists have
difficulty using R and desktop GIS, a fact
that prevents them from processing the re-
sults of their field research in accordance
with modern standards. For better imple-
mentation of modeling in practice when
working with rare species, we have created
a software product that allows bird special-
ists with minimal knowledge of GIS and
programming languages, but who have a
certain understanding of SDM algorithms
and abundance assessment, to solve prob-
lems related to modeling distribution and
abundance and survival of rare species.

This software product is designed for
processing various geodata containing ob-
servations of species; obtaining data from
GEE rasters; classification of biotopes;
population estimates, survival rates, etc.

The main interface of the product is a
web interface that allows the user to select
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the process of interest, enter the necessary
data, and receive a link to an archive con-
taining processing results®.

For geodata (points, polygons, etc.), it is
possible to enter csv, shp, geojson files, as
well as manual input using a map. To run al-
gorithms in which it is necessary to add data
from GEE rasters, a selection field is pro-
vided from the list of available earth remote
sensing (ERS) products: NASADEM (NASA
JPL, 2020), MOD13A1.061 Terra Vegetation
Indices 16-Day Global 500m (Didan, 2021),
Geomorpho90m (Amatulli et al, 2020),
Global Habitat Heterogeneity (Tuanmu,
Jetz, 2015), Global Wind Atlas (Badger et
al., 2021), World Clim (Fick, Hijmans, 2017),
ERA5-Land Monthly Aggregated — EC-
MWEF Climate Reanalysis (Mufioz Sabater,
2019), ESA WorldCover 10m v100 (Zanaga
et al., 2021), Dynamic World V1 (Brown et
al., 2022), unclassified satellite data such as
surface reflectivity (SR) collection 2 Landsat
8 atmospheric-corrected (blue, red, green,
near-infrared and shortwave infrared 1
bands with 30 m spatial resolution) and
ALOS-2 PALSAR L-band dual-polarization
(HH and HV) SAR data, and NDVI and EVI
calculation data from Landsat 8 images us-
ing the GEE (normalizedDifference) func-
tion. To run algorithms using various third-
party libraries, data is entered in csv files in
the formats required by the corresponding
libraries. At the current stage, the product
includes the following modules:

1) Obtaining data from GEE rasters for
given points (result presented in a table
with data selected for points from rasters
included in the GEE collection);

2) Obtaining a classified raster for a given
area and a set of points of presence and ab-
sence of a view (training points) using the
RF and MaxEnt classifiers based on GEE
(both classifiers allow, for a given area of
interest, a set of training points and select-
ed remote sensing products from GEE, to
obtain a classified one with using appro-
priate GEE raster methods of the area of
interest. It is possible to cross-validate the
selected models and evaluate their predic-
tive effectiveness);

3) Three different methods to stimulate
population size:

3.1) Generation of random points in a
regular network — a heuristic algorithm
that, based on data on the points of pres-
ence of the species and on the studied ar-
eas, generates random points, simulating
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species’ distribution in the general area of
interest;

3.2) Distance — a method based on the
Distance Sampling model (Thomas et al.,
2010; Buckland et al., 2015; Miller et al.,
2019), that accepts input of a file with the
necessary variables for points and areas
and displays detailed statistics as a result;

3.3) Simple site surveys using calculation
of a weighted average indicator for species
distribution density (Karyakin, 2004) with
an calculation of asymmetric confidence
interval (Ravkin, Chelintsev, 1990);

4) Estimation of nest survival based on
the RMARK library (Laake, 2013). The
survival calculation module includes pro-
cessing of nest survival data using the nest

method of the RMARK library, which can
account for various variables in remote
sensing data and infers the importance of
variables for nest survival.

The software product is hosted on the
servers of organizations recognized as
undesirable in Russia, access to which is
blocked by Roskomnadzor. The authors
are considering options, including cre-
ating a clone on a Russian internet re-
source.

This work is carried out with financial
support from the Critical Ecosystem Part-
nership Fund (CEPF)* within the frame-
work of the project “Endangered Raptors
Conservation on the Indo-Palaearctic Fly-
way”).
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MHorme BUABI KPYIIHBIX XMIITHBIX ITHUII B
HaCTOsIIIIee BpeMsl SIBASIIOTCS PeAKVUMIL,
OOABIIIasl YacTh HAXOAWUTCSI IIOA YTPO30iA
VICYe3HOBEHNSI, TIOSTOMY AeTaAM MX pac-
MPOCTpaHeHNs], YWCAHHOCTH M BBIXMBa-
€MOCTH SIBASIFOTCSI Ba>KHEVIIIIMM TI0Ka3a-
TeASIMM AAS IIAAQHMPOBAHWSI MEPOIPUSITVIA
IO OXpaHe ¥ BOCCTAaHOBAEHMIO, AASI OLIeH-
KM BO3AEVICTBISI Ha ITOITY ASIIIVVI STVUX BUAOB
AHTPOIOTEHHOTO Mpeobpa3oBaHMs CPeAbI
U/VIAV M3MEeHEeHVI KAYMATa.

YncAeHHOCTh M pacIpeAeAeHre B Mpo-
CTPaHCTBe M3yJaeMbIX IITUI] OTIPEAEASIOT-
CsI B XOA€ TIOAEBBIX YuéToB. Ha BbIXOAe MBI
TIOAyYaeM TIAOTHOCTb paclipeAeAeHNs] B
ocobsix, mapax, THé3AaX Ha eAVHUIY TIAO-
maay (Hampumep, nap /100 xm?) mAm Auc-
TaHIVIA MeXAY OAVDKaVIIIVIMU VA BCEMU
COCEeASIMM, KOTOpbIe MOXHO IIPeACTaBUTh
KaK B BMAe MaTeMaTMUECKMX 3HAYeHVIA
(1-5, B cpeanem 3,5+1,1 kM), Tak 1 B Tpa-
duueckom BrAe (OT IPOCTBIX AVHMIA, CBSI-
3bIBAOIIVIX TOYKM HAOAIOAEHWIL, AO TpH-
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aHTyASIDM AeAOHe M CeTM IIOAMTOHOB,
IIOCTPOEHHOM IO TOYKaM HaOGAIOAEHWIA).
Aanee, ANSI TOAYUEHUST OLIEHKM UMCAEHHO-
CTH, HeO6XOAVIMO TIOHMMATh TIAOIIAAb, Ha
KOTOPYIO BO3MOXHO 3KCTPalOAMPOBATh
5Tu AaHHbIe. M ¢ 5TUM y MHOTMX MCCA@A0-
BaTeAell BO3HMKAIOT IPOOAeMbI — Hellpa-
BUABHASI OIIeHKa IIAOLIIAAY MeCT O6UTaHMsI
yUMTBIBA@MOTO BMAA MPUBOAUT K MCKaXKe-
HUIO OLIEHK!M UMCAEHHOCTU U HUBEAUPYET
yuérable ycuamusi. Kak mpaBuMABHO ompe-
AEAUTD MAOIIAAb, Ha KOTOPYIO BO3MOXXHO
SKCTPaNOAMpPOBaTh yUéTHbIe AaHHbIe? OT-
BeT Ha 3TOT BOIPOC MOXeT AATh MOAEAM-
posanne B cpeae I'MIC ¢ ncnoab3oBaHmeM
reorpacpueckux CAOEB SKOAOTMUECKON U
IIPOCTPAHCTBeHHOM MHOpMaIm, B CO-
BpeMEHHOM TePMUHOAOTMM — MOAEAUPO-
BaHMe pacIpoCTpaHeHUsl BUAOB (Species
distribution modelling, SDM).

B xoae npouecca SDM, Taxxe M3BeCTHO-
rO KaK MOAEAMPOBaHNVE CPeAbl O6MTaHNS
UAM apeanra BUAQ, AASL reorpadpudecku
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TIPUBSI3aHHBIX TOUEK IPUCYTCTBMS BUAQ
(3aBUCKHMasl TIepeMeHHasI) OIIPeAeASIOTCS
AAHHBbIe 06 OKpY>KaloIlleli CpeAe — KAMMa-
TIYecKMe ¥ IPOCTpaHCTBeHHbIe IlepeMeH-
Hble, TaKMe KaK TeMIlepaTypa, BAQXKHOCTb,
BeTpoBasl Harpyska, peabed, pacTUTEAb-
HBIV IIOKPOB, TTOYBbI U T.II. (IIPeAMKTOPbI
MAM He3aBUCUMble IlepeMeHHbIe), M IIO-
CPeACTBOM KOMIIBIOTEPHBIX aATOPUTMOB
M MaTeMaTM4YeCKMX MeTOAOB IIPOTHO3MPY-
eTCsI paclpeAeAeHNe BIAA B reorpadpude-
CKOM IIPOCTPAHCTBE U/ VAU BpEMEHIL.

SDM ripoBoaMTCsI B 6 3TarioB: (1) KoHIlenTy-
aAM3arms Maey, (2) TOATOTOBKAa AQHHBIX (TO-
UeK IPUCYTCTBUSL M OTCYTCTBUSI MAM (pOHO-
BBIX TOU€K), (3) BBIOOP MeTOAQ, (4) IOArOHKa
MoaeA, (5) orleHKa MOAeAM 1 (6) TIOCTpoeHye
KapTbI MECTOOOUTAHVIL IAL apeasa.

1. Konnenryaamsaumsi. Ha sTom srane
MBI (POPMYAMpYEM OCHOBHYIO LIeAb WC-
CAeAOBaHMS U TIPVHMMAaeM pellleHne O cxe-
Me TIpollecca MOAEAMpOBaHMSI Ha OCHOBe
HalllMX 3HAHMA O BUMAE U UCCAEAOBAHUNL.
BaXHbIM MOMEHTOM Ha HAaYaAbHOM 3Tarte
SIBASIETCST BBIOOP AQHHBIX O BUAE M 06 OKpY-
Karolel cpeae. Mbl IpyHMMaeM pellleHre
06 VCIOAB30BAaHMI TOABKO HAIIIMX AQHHBIX,
VA TIPVMBA€UEHVM KaKMX-TO APYIMIX AO-
CTYIHBIX AAHHBIX. DTO IIOTpebyeT BHECEHIIST
KOppeKTMB B AM3aliH BBI6OpKIL. Aaree, HAM
HaAO TIPOBEPUTb OCHOBHbBIE IIPEATIONOXKe-
HISI, AeXallle B ocHoBe SDM, Hampumep,
HaXOAWTCSI AU BUA B PaBHOBECVII C AOCTYII-
HBIMM TTepeMEeHHBIMI OKPYKAIOIIIel CPeABbI,
MOTYT AV AQHHBIE 6bITh KaKMM-AM60 obpa-
30M CMellleHbl (HepaBHOMEPHOCTb BBIOOP-
KM, TIPOCTpaHCTBeHHAsI aBTOKOPPEeASIS U
T.IL), UMEIOTCSI AV M3MEHEHMsI B OKpPYKao-
Ilell cpeAe OTHOCHMTEABHO BpeMeHM cbopa
AQHHBIX ¥ T.2. BEI60Op aAeKBaTHBIX SKOAOTH-
YeCKMX ¥ IPOCTPaHCTBEHHbIX IIepeMeHHBIX,
aATOpUTMa MOAEAVPOBAHMS M CAOXKHOCTK
MOAEAU AOAXKEH OCHOBBIBATHCSI Ha LIEAU UC-
CAE€AOBaHVSI VI TUIIOTe3€e, KacaloIlelics B3ay-
MOOTHOIIIEHNST MICCAeAYeMOTO BMAA U OKPY-
KaroLIel CpeAbl Ha BbI6paI—H—IOI71 AASI VICCAE-
AOBaHIS TePPUTOPUIA.

2. I[ToaroroBka AaHHbIX. Ha 3TOM 3Tarme
MbI cobupaem u obpabaTbiBaeM cpakTide-
CKIMe AaHHbIe O BMAe (KaK TOUKM IPUCYT-
CTBMSI, TaK ¥ TOUKM OTCYTCTBUSI) U OKpPY-
Xatomelt cpeae. Ocoboe BHMMaHME IIPH
TIOATOTOBKE AQHHBIX CAEAYET YAEAUTD AIO-
6BIM HECOOTBETCTBMSIM IIPOCTPAHCTBEHHO-
IO M BpeMeHHOTO MaCIIITabMpOBaHMsI 3aBI-
CUMBIX U He3aBUCUMBIX IIepeMeHHBIX, T.e.
CAydasiM, KOTAQ VIMeeTcsl GOABIIas IPo-
CTpaHCTBeHHasl VIAM BpeMeHHas pasHMIIa
MeXAY AQHHBIMM O BUAE M OKpYy>KaroIlei

cpeAe, AMO0O MeXAY AAHHBIMM 06 OKpY-
Xarolell cpeae (IIPOCTPaHCTBEHHBIMM U
KAMMAaTUIeCKMN IlepeMeHHbIMM). Taxxe
ocoboe BHMMaHNe HAAO YAEANUTDb Ka4eCTBY
reorpadpiaecKoi IpMBSI3KI TOUeK IIPUCYT-
CTBUS ¥ Ka4eCTBY BMAOBOM MAEHTU(PIKA-
LM, 9TO KakK IPaBMAO, CMABHO CTpajaer,
eCAV AQHHbIe COBMparoTcst AlobuTeasimm. B
STMX CAyYasX HaM HEOOXOAVMMO NPUHSITH
pelIeHnsl 0 KOPPEeKTUPOBKEe AAHHBIX MAU
ux orbpaxoske. Bce aaropurmber SDM Tpe-
6ytor MHPOpMaIm 06 OTCYTCTBUM BUAA.
Ecam TakoBoit mH(OpMaIvy HeT, OHa 3a-
MeHsIeTCST (POHOBBIMM TOUKAMM VAWM TakK
Ha3bIBa€MbIMM AQHHBIMM O IICEBAOOTCYT-
CTBMM, UTO €CTeCTBEHHO CKa3bIBaeTCsl OT-
pMIIaTeABHO Ha KauecTBe MOAEAVPOBaHMS,
0cObeHHO B KpYyTHBIX MaciITabax. 3apa-
Hee cAeAyeT ITOAYMaTh Ha TO, KaK AaHHbIe
0 BuAe OYAYT pa3aeAeHbI AAST OOy UeHNsT U
IIPOBEPKM MOAEAM, €CAM B MOAEAMpOBa-
HIM VICTIOAB3Y€TCsI BeCh 0ObEM COOPaHHBIX
AAHHBIX ¥ He IIAAHUPYeTCS AaAbHeMIIas
IIpoBepKa MOAEAM Ha MeCTHOCTI.

3. Beibop meropa. Ha sTom stame mbI
BbIOMpaeM METOA MOAEAMPOBAHISI VAV He-
CKOABKO METOAOB, AAST OOBEAVHEHNSI B aH-
caMbOAeBbIe MOAEAIL

Ecan Ha paHHMX STallax MOAEAVPOBAHNS
VCTIOAB30BAAUCh TIPOCTOV  (paKTOPHBIN
VIAM KAAQCTEpHBIM aHAAM3bI, VHTETPUPO-
BaHHbIe B HacToAbHBIe I'MIC, TO B Hacro-
sllllee BpeMsi HabOp aATOPUTMOB CyIlle-
CTBEHHO PaCIIVIPUACS:

Memodvi, ocrHosannvie Ha auHeiiHol pe-
epeccuu:

— O606méHHas AMHeMHasT MOAEAbD
(GLM) (Nelder, Wedderburn, 1972),

— O6b6obuIéHHasT aAAUTVMBHASI MOAEAD
(GAM) (Hastie, Tibshirani, 1990);

Memoovr mamunnoeo obyuenus:

— MeToa MaxcMMaABHOM SHTPOIIMM, pe-
aAM30BaHHBIN B mporpamme MaxEnt (So-
berson, Peterson, 2005; Phillips et al., 2006;
Phillips, Dudik, 2008),

— Cayuarsbiit Aec (Random Forest, RF)
— MeTOA aHCAMbOAEBOTO OOyJeHMsI AAS
KAaccudpuKalm U perpeccuyt, KOTOPbIi
paboTaeT mMyTéM IOCTPOEHNsSI MHOXKeCTBa
AepeBbEB PpeIIeHIT BO BpeMsl O0ydJeHMsI
(Breiman, 2001),

- YcunenHnble aepesbst perpeccun (BRT),

— CeépTounble HelipoHHble ceTrt (CNN)
(LeCun et al., 1989),

— TeHeTMueckmit aATOPUTM CO3AAHMS
Habopa mpasua (GARP) (Stockwell, 1999;
Stockwell, Peters, 1999),

- MammHHOe obyueHNe, MOAAEPXKMBa-
Iolee BeKTOpHble ceTu (Support Vector
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Machines, SVM) (Cortes, Vapnik, 1995;
Vapnik et al., 1997),

— XGBoost (eXtreme Gradient Boosting,
XGB) (Chen, Guestrin, 2016).

MaxEnt u Random Forest uaTerpuposa-
HbI B ArcGIS, nMeroT IoAAepXKY B cpeae
R ¥ AOCTYIIHBI OHAQVH AASI IOAB30OBaTEAEH
Google Earth Engine (GEE). B mocaeanme
roap!l GEE npuobperaet Bcé 60AbIITYIO TIO-
Iy ASIPHOCTD B KadecTBe pecypca ars SDM
(Crego et al., 2022).

4. [ToaroaKa MoAeAM. DTOT STaIl SIBAS-
eTcst KatoueBbIM B SDM. Iloayuns araHHbIe
IIpeABapUTEABHOTO MOAEAMPOBAHMSI, MbI
OlIeHMBaeM BKAaA MYABTHMKOAAMHeapHO-
CTU U pelllaeM, KakK C Hell 60pOTbCs, Ompe-
AeAsieM CKOABKO IepeMeHHBIX HeOOXOA!-
MO BKAIOUMTD B MOAEAB be3 e€ mepeobyue-
HII, OLIeHMBaeM IPOCTPaHCTBEHHYIO VAN
BpeMeHHYIO aBTOKOPPEASIIMIO U pelllaeM,
Kak ¢ Helf 60pOThCsI, OIpeAeAseM HaCTPOIi-
KM MOAEAM MAM HECKOABKMX MOAeAel 1
BbIOMpaeM KakoM pe3yAbTaT MCIIOAB30-
BaTh, AyUIlMii MAM cpeArmi. Ha stom xe
STalle MbI IIPOBepsieM IIPaBAOIOAOOMe
MOAOOPAHHBIX B3aMIMOCBSI3ell MeXAY TOU-
KaMJ TIPUCYTCTBUS BUAQ U IlepeMeHHbIMI
OKpYy>Kalolllelt CpeAbl IyTéM CpaBHEHMS
KO3(ppMIIMEHTOB 1 BM3yaAbHOTO OCMOTpa
MIOCTPOEHHbBIX KPUBBIX Ha rpadpyxax.

5. Onenka moaeam. Ha panHOM sTame
MBI OIleHMBaeM 5(ppeKTMBHOCTD IIPOrHO3a
UTOTOBOV MOAEAM C IIOMOLIIBIO Habopa IIpo-
BEepOYHBIX MAM TeCcTOBbIX AaHHbIX: AUC
(ROC) (Fielding, Bell, 1997; Fawcett, 2006;
Hosmer, Lemeshow, 2013), TSS (Liu ef al.,
2005; Allouche et al., 2006); R2 n Kappa
(Brownlee, 2016; Zhang et al., 2021). O6b14-
HO AAS 3TOM IIeAM WMCIIOAB3yeTCs Ilepe-
KpécTHasl TIpoBepka (IIPOCTpaHCTBEHHbIe
6a0km) (Roberts et al., 2017; Valavi et al.,
2019; Crego et al., 2022). Tax>ke MbI Bb16Mpa-
€M ITOPOTOBbIe 3HAUEHNSI AAST OVHApI3aIyn
IIPOTHO3MPYyeMbIX BEPOSITHOCTel Ha OCHOBe
IIepeKpECTHO IIPOBepeHHbIX IIPOTHO30B.

6. ITocTpoeHMe KapThl MeCTOO6GUTAHMI
MAM apeana. DTO 3aKAIOUMTEABHBIN STall
SDM, B XO0Ae KOTOPOTO Mbl KOHBEPTUPYEM
B pacTp Hallly IIPOTHO3HYIO MOAEAD Y TIOAY-
JaeM KaaccudpuImpoBaHHOe M300pakeHe
C BEpOSITHOCTBIO PacIpOCTpaHeHMs BUAA
Ha JMICCAeAYeMOV TeppUTOPYM B IIPOLIeHTax
AASL KaXXKAOTO IMKCeAsl. MBI oIlpeareasieM
MIOPOT BEPOSITHOCTY ITPUCYTCTBUST BUAQ AAST
IIIKCeAell, KOTOpble BKAIOUaeM B MTOTOBYIO
KapTy apeaaa, U pa3Mep bydpepa, cTpos-
LIIETOCsT BOKPYT STUX IIMKCeAel AASI OIIpe-
AeAeHNST TIAOIIaAM Mecrooburammmi. Lle-
Aeco06pasHOCTh WCIOAB30BaHMST bydpepa

3aBUCUT OT MacIuTaba pe3yAbTHPYIOIIEro
pacTpa, 4eM MeHbIlle MacIITab, TeM HioKe
aKTyaAbHOCTh bycpepa. Pasmep 6ydepa
OObIYHO OIpeAeAsieTCsl TI0 CpeAHel Auc-
TaHIM MEeXAY OAVDKAVIIIIMU COCEASIMIA
(MND) 1, B 3aBMCHMMOCTI OT LIEAEI U 3aAaU
MOAEAMPOBaHNSI, TIpeACTaBAsIeT coboI TIo-
AOBMHY, IIOAHYIO MAM YABOeHHY10 MND.

Bceraa caeayeT KpuTudecku OLIEHMBATb
OCHOBHbIe TpeATIoAoXeHNst B SDM 1 0cos-
HaBaTh MOTEHIMAAbHbIE OIPaHITIeHNST, CBSI-
3aHHbIE C ILIEABIM KOMIIAEKCOM (PaKTOpOB:
CIIOCOBHOCTh OOHAPYXMBATh BUA, HEpaBHO-
MEpHOCTb BBIGOPKM, OTpaHMUEHMsSI B BbI-
bope TepeMeHHBIX OKpYXKaloIlell CpeAbl,
He3HaHVie OIIPeAeAEHHbIX CTOPOH B1oAOr M
BMAA AASI BBISIBAEHMSI 3aKOHOMEPHOCTe B
ero OMOTOIMYECKNX U TepPUTOPUAABHBIX
mpeanouTeHysx u mp. SDM mpeanoaaraer,
UTO BMABI HAXOASITCSI B PABHOBECUI C OKPY-
KaIoIIIelt CPeAOI, UTO MbI 3HaeM U TIIIATeAD-
HO OTOOPaAM KaK TOUKM IIPUCYTCTBISI BUAQ,
TaK ¥ AaHHbIe 06 OKpyXXaromleil cpeae, U
UYTO MBI BKAIOUMAM BCe OCHOBHbIE (PaKToO-
PBbI, OIpeAeAsoIIVe IPeAeAb] apeasa BUAQ.
ITpu 5TOM HaAO IOHMMATD, UTO STU ACIIEKThI
HeCTabMABHBI TI0 HECKOABKMM IPUUMHAM.
Bo-mepBbIX, BUABI, OCOGEHHO XVIITHMKM,
AVHAMMUECKM pearMpyioT Ha M3MEHEHMsI
CpeAblI, TIOSTOMY OHM 6yAyT A@MOHCTPUPO-
BaThb ONPeAeAEHHYIO MPOCTPAHCTBEHHYIO 1
BpeMEeHHYI0 AMHAMUKY, ¥ HEOOXOAMMO eé
IIPaBMABHO Y4eCTb B MOAEAMPOBaHMIL. Bax-
HBIMI (PaKTOPaMU, OTIPEAEASTIOIIVMY peaK-
LIMIO BUAQ Ha M3MEHEHMsI CpeAbl O6MTaHus,
SIBASIFOTCSI €r0 (PU3MOAOTHSI, AeMorpadpus,
CIIOCOBHOCTD K PacCeAeHMIO, CTelleHb TOAe-
PaHTHOCTM K ypbaHM3aIM, CTelleHb aAarl-
Tal K M3MEHeHMIO SKOAOIMYeckmX doak-
TOPOB M MEeXBUAOBbIE B3aMMOAeVicTBIsL. Bee
5T paKTOPhI AEVICTBYIOT Ha BYA ITOCTOSIHHO
BO BpeMeHM, B TOM UMCAe 3Aech M celrdac,
U VX UTHOPMPOBAaHME MOXeT CYIIeCTBeH-
HO MCKa3UTh Pe3YAbTaThl MOAEAVMPOBAHMSL.
ITostomy maearbHBIM BapuaHToM SDM sB-
ASIeTCSI IPOBEpKa Pe3yAbTaTOB B TIOA€ U UX
KOPPeKTUpPOBKa.

K coxanreHmo, 60ABIIMHCTBO OPHUTOAO-
TOB VCTIBITBIBAIOT CAOXKHOCTM B paboTe ¢ R
n B HacToAbHBIX 'HIC, 4TO He mo3poAsieT UM
obpabaTbIBaTh pe3yAbTaThI CBOVMX ITOAEBBIX
JICCA€AOBAHIMIA B COOTBETCTBMM C COBpEMEH-
HBIMM TpebOoBaHMSMU. AASI AYUIIIEro BHe-
ApeHMsI B TPaKTUKy MOAEAMPOBAHUS B pa-
6oTe C peAKMMY BUAAMI MbI CO3AAAM TIPO-
IrPaMMHBIA TPOAYKT, TO3BOASIOLIMIA CIIe-
LMAAMCTaM MO OTUIIAM C MUHMMAABHBIMU
sHarusimu B ['MIC 1 s13b1Kax mporpammumpo-
BaHMSI, HO MIMEIOILVM OMPEACAEHHOE IPEeA-
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craBaeHMe 06 aaropurmax SDM u oueHke
UMCAEHHOCTH, pelllaTh 3aAa4l, CBsI3aHHbIe C
MOAEAMpOBaHMEM pacIIpOCTpaHeHNs, iC-
AEHHOCTH ¥ BBIXKMBAeMOCTY PEAKIX BYAOB.

IIporpaMMHBIN IPOAYKT NpeAHa3HaUYeH
AASL 00pabOTKM pa3sAMUHBIX I'eOAAHHBIX,
COAepXalllMX HaOAIOAEHUS BMAOB; ITOAY-
ueHMsT AaHHBIX ¢ pacTpoB GEE; kaaccu-
duKaym 6MOTOIIOB; OLEHKM IIOIYASILIVINA,
BBIXVBAEMOCTH U T.A.

OcHOBHBIM MHTEPPEICOM IPOAYKTa SIBASI-
eTcst Beb-MHTepdelic”, KOTOPBIN MO3BOASIET
BBIOMPATD IHTEPEeCYIOLIVI ITPOLIECC, BBOAUTD
HEOOXOAVIMBIe AAHHBIE M TIOAYYATb CCBIAKY
Ha apXyB C pe3yAbTaTamyt 06paboTKL.

AAST TeOAaHHBIX (TOUEK, IIOAMTOHOB U
T.A.) IIPEAYCMOTpeHa BO3MOXKHOCTb BBOAA
dariros csv, shp, geojson, a Takxke pyd-
HOTO BBOAA C IIOMOIIBIO KapTbl. AAs 3a-
IIycKa aATOPUTMOB, B KOTOPBIX HEOOXOAU-
MO A0b6aBASTH AaHHBIe M3 pacTpoB GEE,
IIpeAOCTaBAEHO IIOAe BbIOOpa M3 CIICKa
AOCTYTIHBIX IIPOAYKTOB AMCTaHIIMOHHOTO
soHAMpoBaHMs 3eMan (A33): NASADEM
(NASA JPL, 2020), MOD13A1.061 Terra
Vegetation Indices 16-Day Global 500m
(Didan, 2021), Geomorpho90m (Amatulli
et al., 2020), Global Habitat Heterogeneity
(Tuanmu, Jetz, 2015), Global Wind Atlas
(Badger et al., 2021), World Clim (Fick,
Hijmans, 2017), ERA5-Land Monthly
Aggregated - ECMWEF Climate Reanalysis
(Munoz Sabater, 2019), ESA WorldCover
10m v100 (Zanaga et al., 2021), Dynamic
World V1 (Brown et al., 2022), Hexraccudpn-
LMpoBaHHbIe CITyTHMKOBbIE AaHHbIE, TaKye
KaK KOAAEKINS 2 OTpaXkaTeABHOM CIOco6-
Hocty noBepxHocTH (SR) Landsat 8 ¢ mo-
IIpaBKOM Ha aTMOcdpepy (CHMIL, KPaCHBIM,
3eAeHbIN, GAVDKHIMI MH(ppaKpacHbI U KO-
POTKOBOAHOBBIV MHpaKpacHbIi 1 Anaria-
30HBI C IIPOCTPaHCTBEHHBIM paspellleHeM
30M)n Ha60pb1 AaHHbBIX noAsspyusainm HH
n HV ALOS c dasupoBaHHO aHTeHHO
pelieTkolt L-AmarazoHa ¢ CMHTe3MpOBaH-
Hoii amepTypoyt (SAR), a Takxke AaHHBIe
pacuéroB NDVI u EVI mo m3obpaxeHnsim
Landsat 8 ¢ mcroap3oBaHMeM PYHKIIM
GEE (normalizedDifference). Aast 3amycka
aATOPUTMOB, VICTIOAB3YIOIIMX pa3ANIHbIe
CTOpOHHMe OMOAMOTEKIL, BBOASITCSI AAHHBIE
B csV cpaiirax, B popmaTax, TpebyeMbIX co-
OTBETCTBYIOIIVIMI OMOAMIOTEKAMIL.

Ha TexyIem sTalle B IPOAYKT BXOAST
MOAYAM:

1) IToayuenns aanHbIX 13 pacTpoB GEE
TI0 3aAQHHBIM TOUKaM (Pe3yAbTaTOM SIBASI-

3 http:/fwww.gis.altaiproject.org

eTCsI TabAMIIa C BBIOPAHHBIMU AASI TOUEK
AAHHBIMM M3 PaCTPOB, BXOASIIMX B KOA-
aexinmo GEE);

2) TloayueHust xaaccudULIMPOBAHHOTO
pacTpa 0 3aAaHHOM 06AaCTH M HA6OPY TO-
JeK IPUCYTCTBUSI M OTCYTCTBUS BUAQ (Tpe-
HMPOBOUHBIX TOUEK) C TIOMOIIBIO KAACCH-
dpuxaropos RF n MaxEnt Ha 6a3e GEE (06a
KAaccudmkaTopa MO3BOASIOT IO 3aAaHHOM
obractu MHTepeca, Habopy TpPeHMpPOBOY-
HBIX TOUeK 1 BbIOpaHHBIM ImpoayKTam A33
13 GEE moayunTh xaaccuduimpoBaHHbI
C IIOMOIIBIO COOTBETCTBYIOLIMX METOAOB
GEE pactp obaactu mHTepeca. EcTb BO3-
MOXHOCTb IIPOBECTM  KPOCC-BAaAMAALIMIO
BBIOPAHHBIX MOAEAEN I OLIEHKY VX IIPOTHO-
CTIYeCKO¥ 5o PeKTUBHOCTM);

3) OrmeHxka YMCA€HHOCTM IIOIYASILIVIA
TpeMsl pa3AMYHbIMI METOAAMIL:

3.1) reHepauysl CAy4alHBIX TOUEK B pe-
TYASIDHOV CeTM — SBPUCTUYECKIIT aATO-
PUTM, KOTOPBI Ha OCHOBaHIMM AQHHBIX O
TOYKax HMPUCYTCTBUS BMAA M 00 MICCAEAO-
BaHHBIX 0OAACTSIX TeHEpUPYeT CAYUalfHbIe
TOYKM, UMUTHUPYsI paccereHle BMAA IO 06-
IIeli obAacTy MHTepeca;

3.2) Distance — MeTOA, OCHOBaHHBI Ha MO-
Aean Distance Sampling (Thomas et al., 2010;
Buckland et al., 2015; Miller et al., 2019), xo-
TOPBIN B KauecTBe BXOAHBIX AAHHBIX IIPVHM-
MaeT dpaiin ¢ HeOOXOAVMBIMM ITepeMeHHBI-
MM AASI TOUEK M ObAACTel U B KadecTBe pe-
3yAbTaTa BBIBOAUT AeTAABHYIO CTATUCTHKY;

3.3) mpocTble NAOLIAAOYHBIE YUETBHI C
pacdyéToM cpeArHeB3BellIeHHOTO IToKasaTe-
ASI TIAOTHOCTM pacnpepeneHus: Buaa (Ka-
psxus, 2004) ¢ pacuéToM HeCMMMeTpPUY-
HOTO AOBepMUTeAbHOro uHrepBara (Pas-
kuH, Yeaunues, 1990);

4) OrieHKa BbIXXMBAEMOCTY THE3A Ha OCHO-
Be 6ubamorekt RMARK (Laake, 2013). B Mmo-
AYAB pacyéTa BbIXKMBAEMOCTY BXOAUT 0bpa-
60TKa AQHHBIX O BBIXXMBAE€MOCTV THE3A C TI0-
MOIIBI0 MeToAa nhest bubanorexknn RMARK,
KOTOPbIVI MOXeT YUMThIBATh pPa3AMUHbIe
riepeMeHHble 113 AA33 11 BBIBOAMT Ba>KHOCTb
TlepeMeHHbIX AAST BBIKMBAEMOCTH THe3AQ.

B cBs1311 Cc TeM, UTO IIPOrpaMMHbBIV IIPOAYKT
pasMeléH Ha cepBepax OpraHM3allyii, IIpu-
3HAHHBIX HeXeAaaTeabHbIMM B Poccimi, ao-
CTYII K KOTOPBIM 3a0A0KMpoBaH PockoMHaa-
30pOM, aBTOPbI pacCMaTPMBAIOT BapMAaHTbI
CO3MAHMSI KAOHA Ha POCCUIICKOM pecypce.

Pabora ocyiecTBasieTcst Ipy (pMHAHCO-
BoV mopaepXxke DOHAA COTPYAHIUECTBa
AASI COXpaHEeHMsT SKOCVCTeM, HaXOASIIIIXCS
B xputmdeckoMm coctostavmt / The Critical
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Ipi XBIPTKBIII KVCTapABIH KOIITETeH TVP-
Aepi Kasipri yaxpITTa CHUpeK Ke3AeceAl,
OAQPABIH KOMIIiAITi )XOMBIABII KeTy Kay-
MiHAE, COHABIKTAaH OAapABIH TapaAybl,
CaHBI X3He TipiIirikke KabireTTiairi Ty-
paAbl MaAIMeTTep caxTay >KSHe KaAlbIHa
KeATipy lIapaAapbIH XOCHapAayAbIH, OChI
TVPAEPAIH MONyASIIMSIAapblHa KOpIIaFaH
OpTaHBIH aHTPOIOTEHAIK TpaHCdOpMa-
LIMSICBI JK9He /HeMece KAVMATTBIH e3repyi
scepiH bararayAbIH MaHBI3ABI KOPCETKiMI-
Tepi GOABII TaOBIAAABL.

3epTTeAeTiH KVCTapAbIH CaHbI MeH Ke-
HICTIKTe TapaAybl AAAAABIK 3epTTeyAep
KesiHAe aHbIKTaraabl. IlprFapy xesiHae
6i3 >xexe bacTap, XVIITap, vsiaap bipairiae
(mbrcaasl, xvir/ 100 kM?) eH XXaKbIH HEMece
6apABIK KOpIIirep apachIHAAFbI KaIIIbIK-
TBIKTbI aAaMbI3 HeMece MaTeMaTUKAAbBIK
MSHAEP peTiHAe VCBIHBIAYBl MVMKIH (1-5
oprTa ecemmreH 3,5+1,1 kM), X3He TpadpyKa-
ABIK TVpAe (6akblray HVKTeAepiH AenoH
TPUAHTYASIIMSICbIHA KOCAThIH KaparnambIM
CBI3BIKTApAAH X3He 6axplAay HVKTeAepi-
HEH CaABIHFaH KOINOVPBIIITAap XKeAiciHeH).
Spi Kapaif, caHbIH OaFanay VIIIiH OVA Ae-
PeKTepAl SKCTpamoAsImsiAayFa OOAATBIH
ayAaHABI TvCiHy Kaxer. OcbIraH 6aiira-
HBICTBI KOINTereH 3epTTeyIliAepAe MaceAe
TYBIHAAVIABI — €CeNTeAeTiH TVPAIH MeKeH-
Aey OpHBI ayAaHBIH AVPBIC baFaramay ca-
HBIH b6ararayAbIH OVpMaAaHybIHA SKeAeAi
K3He caHakK >KVMBbICTapbIH HUBEPAUPAEHAI
Ecenn MaAiMeTTepiH sKcTpamoAsMsAayFa
6OAATBIH ayAAQHABI KaAall AVPBIC aHBIKTAY-
ra 6boraabp1? Bva cvpakThIH XayabbIH Kasip-
Ii 3aMaHFbl TEPMUHOAOTUSIAQ — TVpAepAiH

3% http:/fwww.cepf.net

TapaAybIH MOAeAbAey (Species distribution
modelling, SDM) 5KOAOTMSIABIK >XK3He Ke-
HICTIKTIK aKmapaTThIH reorpadpmmbm Ka-
baTTapblH maiiaaraHa oOThIpbin, [MIC-Te
MOAeABbAEY apKbIABI bepyre 60AAABI.

Tipmriaix eTy opTachlH HeMece TVPAIH
MeKeH eTy OpPbIHAAPBIH MOAEAbAEY Aell
Te aTaraTblH SDM mporeciHae Kopiia-
FaH OpTa AepeKTepi — TeMIepaTypa, bIA-
FaAABIABIK, JXeA XVKTeMeci, Xep beaepi,
©CIMAIKTEpP >KaMBIAFBICHI, TOIbIpAK >K3He
T.6. CUSIKTBI KAMMATThIK, X5He KeHiCTIKTIK
aybICIIAABIAAP — TVPAIH TeorpadpusiAbIK
CiATeMe HVKTeAepi VIIIH aHbIKTaAaAbI
(IpeAMKTOpAAp HeMece T3YeAci3 aybIcHa-
ABIAAP) >K9HE KOMITBIOTEPAIK aATOPUTM-
Aep MeH MaTeMaTUKaABIK SAiCTep apKbIABI
TVPAIH reorpadusAbIK KeHicTikTe XsHe/
HeMece YaKbITTa TapaAybl O0AKAHAABI.

SDM 6 ke3eHAe Xv3ere acbIpbIAraAbl: (1)
MAESIAApABI  TVXKBIpBIMAaManay, (2) Ae-
pexTepAl AaiibIHAQY (6ap 60AY >K3HE >KOK
HVKTeAepi HeMece (POHABIK HVKTeAep), (3)
spicTi TaHAQY (4) MOAEADAL CaTIKeCTEHAIDY,
(5) MoaeABAi bararay XsHe (6) TipLIiAik eTy
OpTacbIHBIH HeMece TapaAy aliMaFbIHbIH
KapTachIH KVpPY.

1. TvxsIppiMAaManay. bva keseHae 6i3
3epTTeyAiIH HeTi3ri MaKCaTbhIH TV >XbIPBIM-
AalIMBI3 X3He TVP X5He 3epTTey TypaAbl
6iniMiMisre cviteHe OTBIPBIII, MOAEABAELY
NPOLECIHIH VATICIH TypaAbl IIeIIiM Ka-
6bIAAAVIMBI3. BacTamkpl Ke3eHAeri MaHbI3-
ABI C3T — TVP MeH KoplIllaFaH OpTa TypaAbl
MdAiMeTTepAil TaHAAy. bi3 Tex o3 AepexTe-
piMi3al maliaaraHyAbI HeMece 6acka KOA-
XeTIMAL AepeKTepal IalipaAaHy TypaAbl
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LIeNIiM KabbIAAAVIMbBI3. BVA VATI Am3aliHbI-
Ha Kelbip Tv3eTyAepai KaxeT eTeai. Dpi
Kaparii, 6i3 SDM HerisiHAe XaTKaH Herisri
foaXaMAapAbl MBICAABI, TVPAIH KOA Xe-
TiMAlI KOpIIaraH OpTa aybICIaAblAAPbIMEH
Telle-TeHAIKTe 60Ay-60AMaybl, AepeKTep
KaHAQli Aa 6ip XOAMEH 6VpMaAaHybl MVM-
KiH 6e (ipikTeMeHiH aybITKybI, KeHICTiKTiK
aBTOKOPPeASLINS X5He T.6.) MaAiMeTTepAi
XJHAy yaKbITbIHa KaTbICTbl OpTa >X5HE
T.6. TeKcepyiMi3 kepek. AAeKBaTThI S5KOAO-
TUSIABIK JKSHE KeHiCTiKTiK aybICIaAbIAap-
Abl TaHAQY, MOAEAbALY aATOPUTMI X3He
MOAEAb KVPAEAIAIri 3epTrey MaKcaTbIHa
X5He 3epTTeAEeTiH TVpAep MeH 3epTrey
VIIIH TaHAAAFaH ayMaKTarbl KOpIIaFaH
OpTa apacblHAAFbI KapbIM-KaTbIHACKA Ka-
TBICTBI ITUIIOTEe3aFa HETi3AeAyi Kepek.

2. MaaiMeTTepai AastbiHAQy. Bva Kesen-
Ae 6i3 TVp (60Ay HVKTeAepiH ae, XOK 60Ay
HVKTeAepiH Ae) )K5He KOpIIlaFaH opTa Typa-
AbI HAKTBI AePeKTepAl XIHAVMbI3 X5He OH-
Aerimis. Toyeaal XsHe Tayeaci3 aybICTIAAbI-
AapPABIH KEHICTIKTIK >X3He yaKpITIIa Macll-
TabTaybIHAAFDI Ke3 KeAreH Colikeccisaikrep-
re AepeKTepAi AAMbIHAAY Ke3iHAe epekile
Hazap ayAapy Kepek, SFHM, TVPpAep MeH
KOpILIaFaH OpTa AepeKTepi HeMece KOpIIa-
FaH OpTa AepeKTepi (KeHICTIKTiK X5He KAM-
MaTThIK alfHbIMaAbIAAp) apachbIHAA VAKeH
KeHICTIKTiK HeMece YaKbITTbIK alibIpMalllbl-
ABIK 6ap Xaraariaap. CoHA@l-axK, 6ap 6oay
HVKTeAepiHiH TeorpadpusiAbIK bOaliraHbICY
camachblHa >X5HE TVPAEPAL COMKeCTeHAIpy
carmachblHa epeKllle Hasap ayAapy Kepek,
5MeTTe, AePeKTepAl syecKoiirap >KMHaFraH
Xarpalipa VAKeH 3apaan 1ereai. MvHeaan
KaF paiirapaa 6i3 AepekTepai Tv3eTy HeMece
OAApABI KO0 TYpaAbl IIeITiM KabbIAAAYBI-
MbI3 Kepek. bapabik SDM aaropurmaepi
TVPAEPAIH XOKTBIFbI TypaAbl aKIapaTTbl
TaAamn ereai. MvHAal Xaraaliaapaa 6i3 ae-
peKTepAi TvV3eTy HeMece OAapAbI XKO0 Typa-
ABI IIEMTiM KabbIAAAYBIMBI3 Kepek. bapabIK
SDM aAropurmaepi TVPAEPAIH >KOKTHIFBI
TYpaAbl aKIIapaTThl TaAam eTeai. Erep MvH-
Aall aKmapaT 0K 60Aca, OA (POHABIK HVK-
TeAepMeH HeMece IICEBAO-OOAMAY Aell aTa-
AATBIH AepeKTepMeH aybICTBIPBIAAABI, OVA
SpVHE MOAEAbAEY camachlHa, 3cCipece KeH
ayKbIMAQA Tepic scep eTeai. Erep Moaeabaey
XVHAAFaH ACPEKTePAIH TOABIK KeAeMiH
nariaaraHca JKSHE VATIHI epicTe opaH 3pi
ChIHAy KOCHapAapbl 60AMaca, MOAEABAEP-
Al OKBITY X3HE MOAEAbAL ChIHAY VILIH TVD
AepeKTepiHiH Karan 6GoAIHETIHIH AAABIH aAa
KapacTbIpy Kepex.

3. Daic Tanpay. bva ke3eHae 6i3 Mo-
AeAbAey 5AiCiH HeMece aHcaMbAbAIK MO-

AeAabaepre 6ipikTipy vimmin 6ipHerre saic-
TepAi TaHAAIMBI3.

Erep mMoaeabaeyAin bacTankbl Ke3eH-
Aepinae xvmbIc vereninaeri TMC-ke 6i-
piKTipiATeH KapamalibiM ¢pakTop Heme-
ce KAacCTepAiK Taarayrap KOAAAHBIACA,
Kasip aATOPUTMAEpP XMBIHTBIFBI amTap-
ABIKTaM KeHeMAl:

Co13v1Kmuix peepeccudaea Heei3lesneeH
sdicmep:

— JKaaAmbiaaMa ChI3BIKTBIK MOAEAD
(GLM) (Nelder, Wedderburn, 1972),

— XaambiraHraH aAAMTHUBTI MOAEAD
(TAM) (Xactn, Tubmmpann, 1990);

Mawunaneix oxormy sdicmepi:

— MaxEnt (Soberson, Peterson, 2005;
Phillips et al., 2006; Phillips, Dudik,
2008),6aanpAaMac1,1HAa €HT131ATeH MaK-
CHMaAAbBI SHTPOMMSI Aici,

— Kespeticox opman (Random Forest)
— OKBITY Ke3iHAe bGipHellle IIemIimM aFarm-
TapblH KVPY apKbIABI XVMBIC iCTEMTiH
XIKTey MeH perpeccusra apHaAfaH aH-
caMbABAIK OKBITY 5Aici (Breiman, 2001),

— KVIIeNTiATeH perpeccusl aralITapbl
(BRT),

— eTe A3A HelpOHABIK Xeairep (CNN)
(LeCun et al., 1989),

— Epexenep X1uHaFrblH KVPYABIH reHe-
tuxaablk aaroputmi (GARP) (Stockwell,
1999; Stockwell, Peters, 1999),

— BexTOpABIK XeAirepAl KOAAAMTHIH
MalllMHAABIK OKBITY (Support Vector
Machines, SVM) (Cortes, Vapnik, 1995;
Vapnik et al., 1997),

— XGBoost (eXtreme Gradient Boosting,
XGB) (Chen, Guestrin, 2016).

MaxEnt xsHe Random Forest ArcGIS
XviieciHe 6ipikTipiares, R opracbiHAa KOA-
Aay kepceTireai xxsHe Google Earth Engine
(GEE) maiipraraHyIIbIAAPDI VIIIH OHAAMH
KoaXxeTiMai. Corrbl Xbiapapbl GEE SDM
VIIH pecypc peTiHAe KeHiHeH TaHbIMaA
6oaa b6acrayaa (Crego et al., 2022).

4. MoaeAabAi c3MiKecTeHAIPY. bva ke3en
SDM vVIIIiH MaHBI3AbI OOABII TabObIAAABIL.
AAABIH ana MOAEAbAEY AepeKTepiH ana
OTBIPBIIL, 6i3 MyABTMKOAAMHEAPABIK VAEC-
Ti 6araraliMbI3 K5HE OHBIMEH KaAall Kv-
pecyre 60AATBIHBIH IIelIeMi3, OHbI KaiiTa
OKBITIIal MOAEAbIe KaHIIa aybICIIaABIHBI
€HTi3y KepeKTilriH aHbIKTalIMbI3, KeHic-
TIKTIK HeMece yaKbITIIIa aBTOKOPpPeAs-
LIMSTHBI GaFasaliMbI3 XXK3He OHbIMEH KaAalt
Kvpecyre 60OAATBIHBIH IIIEIeMi3, VATiHIH
HeMece OipHellle MOAEABAIH Iapamerp-
AepiH TaHAAN, KaycbhIChl >KaKChl HeMece
opTallla H3TVDKEeHi ITalidaAaHATBhIHBIH TaH-
AariMbI3. ASA OCbI Ke3eHAe 6i3 TVPAEPAIH
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Marepuanrbl KOH(hepeHLnit

60Ay HVKTeAepi MeH KopIllaFaH OpTaHbIH
aybICIIaAbIAAPBI apachbIHAAFbl TaHAAAFaH
KaTbIHACTAapPABIH OpPBIHABIABIFBIH KO03(-
dymeHTTepAl CaABICTBIPY X5He Irpacpmk-
TEepAETi ChI3bIAFaH KMUCBIKTapAbI BU3yaA-
ABI TEKCEPY apKbIABI TEKCEPEMi3.

5.Yarinik 6aranay. bva keseHae 6i3 Tek-
cepy HeMece ChIHAK AePEeKTepiHiH >XMbIH-
TBHIFbIH ITAMAAAAHBIII COHFBI VATIHIH 60OA-
XAaMABIK THMIMAIAIriH 6aranrarimbrs: AUC
(ROC) (Fielding, Bell, 1997; Fawcett, 2006;
Hosmer, Lemeshow, 2013), TSS (Liu et al.,
2005; Allouche et al., 2006); R2 n Kappa
(Brownlee, 2016; Zhang et al., 2021). Ocsl
MaxcarT VIIIH 5AeTTe KUBIABICTBIPBII TeK-
cepy (KeHiCTiKTiK 6AOKTap) KOAAAHbBIAA-
AbI (Roberts et al., 2017; Valavi et al., 2019;
Crego et al., 2022) bi3 coHAali-aK KMbIABICA
TeKcepinTeH 60AXaMAap HeTisiHAe 60a-
>KaHFaH 6MHapM3am/m VIIH IIIeKTi MH-
A€pAi TaHAAVIMBI3.

6. Tipminix eTy opTacbIHBIH HeMece Ta-
paAy aWMarbIHBIH KapTacblH Kvpy. bva
SDM-HiH COHFbI Ke€3€Hi, OHbIH 6aprCbIHAa
6i3 60AKaMABIK MOAEABAL pacTpFa TVPAEH-
AipeMi3 x3sHe 5pbip MIKCeAD VIIIH 3epTTey
aliMarbIHAQ Ke3AECeTiH TVpAepAiH HaibI3-
ABIK BIKTVMAAABIFDI 6ap KiKTeATeH KecKiH-
Al arambI3. bi3 coBFbI AMania3soH KapTachIHa
€HTi3eTiH MMKCeAAEP VIIIH TVPAECPAIH 60Ay
BIKTVIMAaAABIFBIHBIH IIETiH JX5He TipIIiAiK
eTy OpTacbhIHbIH ayAaHbIH aHbIKTAy VIIiH
OChI MMKCEeAACPAIH alfHaAachbIHAA CaAbIH-
raH O6ydepAiH eAllleMiH aHBIKTaVMbI3. bi3
COHFBI AMalla30H KapTachlHA eHri3eTiH K-
CeAAEp VIIIH TVPAEPAIH 60Ay BIKTYMAAABI-
FBIHBIH IIIETiH X5He TipIIiAiK eTy OpTachl-
HBbIH ayAaHbIH aHbIKTAy VIIIH OChI IMKCEeA-
AEPAIH ajiHaAaChIHAA CaAbIHFAH 6ycpepAiH
OAIlIleMiH aHbIKTalMbI3. bydepai xoara-
HYABIH OPBIHABIABIFBI aABIHFAH PacTPABIH
MaciuTabbiHa 6aliAaHBICTBI, MacIlTab He-
FVPABIM Killli 60aca, bydpepain e3exTiniri
COFVPABIM ToMeH 60Aaabl. Bydep eamemi
5AeTTe OpTallla eH >KaKbIH Keplirec Ka-
mIbIKThIKIIeH (MIND) aHbIKTaAaAbl >X3He
MOAEAbACY MaKcaTTaphl MeH MiHAeTTepiHe
bariradbicTbl MND-HiH KapThIChI, TOABIK
HeMece eKi eceAeHTeH MOAIIIepi OOABII Ta-
6pIAaAbl. Dpkamran SDM-aeri Herisri 60a-
>KaMAapABI CbIHV TVPFBIAAH baFaray Kepek
K3He 5PTVPAL dpaKTOpAapMeH OaliraHbBIC-
ThI BIKTMMaA IIeKTeyAepAi 6iry xepex:
TVPAL aHbIKTay MVMKIHAIri, 6ip1<eA1<i emec
ipikTey, KOpIllaFaH OpTaHbIH aybICTIaAbIAA-
PBIH TaHAQYAAFDI IIIEKTEYAEP, TVPAIH 6M0-
AOTMSICHI OHBIH GMOTOISIABIK XK3He ayMaK-
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TBIK KaAayAapbIHAAFbI 3aHABIABIKTAPAbI
aHbIKTAy VIILIH 3epTTeyAiH Kelbip acreKTi-
AepiH b6iaMey xsHe T.6. SDM Tvpain xop-
LIaFaH OpTaMeH Tele-TeHAIKTe eKeHiH, 6i3
TVPAIH DOAY HVKTeCiH Ae, KOpIIIaraH opTa
AepeKTepiH Ae 6ireMi3 KsHe MVKMSIT TaH-
AAADBIK X3He TVPAIH TapaAy IIeriH aHbIK-
TalfTBIH O6apABIK HeTiri aKTopAapAbI
EHTI3AIK Aemll 6oaxariabl. Bva acrexTirep
bipHere cebenrepre 6aiiAaHBICTBI TVPaAK-
ThI eMeC eKeHiH TVCiHy Kepek. BipiHiriaes,
TVPAep, 3cipece XbIPTKBIIITAP, KOPIIaFaH
OpTaHbIH e3repyiHe AMHAMUKAADBIK >Kayarl
bepeai, COHABIKTAH OAap OeArini 6ip KeHic-
TIKTIK >X3He yaKbITTBIK AMHaMMKaAapAbI
KepceTeAi X5He MOACAbALY Ke3iHAe AVPBIC
eckepiayi kepek. TvpaiH Tipiiiaik ety op-
TachIHbIH ©3repyiHe peakLMSIChIH aHbIK-
TalfTbIH MaHBI3ABI (paKTOpAapra OHbBIH
dusmororusicel, AeMorpadusicbl, TapaAy
KabineTi, ypbaHM3ammsFa Te3iMALAIK Ape-
Xeci, xoplmaraH opTa (PaKkTOpPAApPbIHbIH
esrepyiHe beltiMaeAy Aspexeci XsHe TVpP
apaAbIK e3apa spekeTTecy araabl. Ocbl
draxTOpAapABIH 6apABIFBI YaKbIT OTe KeAe,
COHBIH iITIHAE OCBI XepAe X3He Kasip spe-
KeT eTeAi )X5He OAAPADI eAeMey MOAEABALY
HITVDKeAepiH aifTapAbIKTail 6vpmanaybl
MvMKiH. CoHapIKTaH, SDM vIIiH TaMaliia
HVCKa epicTeri HaTVKeAEPAl TeKcepy JK3He
OAApABI peTTey OOABIIT TabbIAADI.
OkiHilllke oOpaif, OPHUTOAOTTAPABIH
xermriairi R xsne xvmbic vereai I'MC-ri
maliraraHyAa KMBIHABIKTap¥a Tam boaa-
AbI, 6VA OAApPABIH AAAAABIK 3epTTeyAepi-
HIiH HSTVDKeAepiH 3aMaHayM TaAanTapra
caliKec eHAeyTe Keaepri xacariabl. Cupex
Ke3AeceTiH TVPAePMEH XVMBIC icTey Ke-
3iIHAE MOAEAbAEYAI T9)KipM6eAe KaKChI-
pax enrisy vl 6i3 THIC xsHe 6araap-
AaManay TirAepiH a3 6ireTiH, 6ipax SDM
AATOpUTMAEpi XX5He caHbIH baranay, Cu-
PeK TVPAEPAIH TapaAybl MeH KOITiri MeH
TIpLIIAITIH MOAeAbAey Typaabl OeATiai
6ip Tvciniri 6ap Kvc MaMaHAApbIHa M>Ce-
AeAepAl LIelllyTe MVMKIHAIK 6epeTiH bar-
AapAaMaAbIK OHIMAL )XacaAbIK.
baraapaamManbIK ©HIM TVpAepAil 6axbI-
AQyAbI KAMTUTBIH 5PTVPAL reoAepexTepai
eHaeyre apsaaraH; GEE pacrpaapsinan
M3AiMeTTep aAy¥a; 6MOTONTapABIH KAac-
cucpmKanmsIAayFa; TOIMYASLUMSICBIH, Tip-
mrinikke KabireTTiAiriH T.6. 6ararayra.
OHiMHIH Herisri mHTepdelici Beb-uH-
Tepderic’” 60ABII TabbIAAABI, OA KBI3BIK-
TBIpATBIH IIPOIECTi TaHAAayfa, KaXKeTTi
AepeKTepAi eHrisyre XXsHe ©HAEY HOTU-
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XeAepiMeH MvparaTka CiATeMe aAyfa
MVMKIHAIK bepeai.

l'eoaepexTep VIIIH (HVKTeAep, IIO-
AUTOHAAp X3He T.6.) csv, shp, geojson
dariarapbIH eHrisyre, COHBIMEH KaTap
KapTaHbl TallAAA@HBIII KOAMEH eHTi3y-
re 6oraapl. GEE pacTpaapbiHaH Aepex-
TepAl KOCYABI KaXeT eTeTiH aArOpuTM-
AepAl icke KOCy VIIIH XepAl KalIbIK-
ThiKTaH 30HATay (PKK3) xoaxeTrimai
OHIMAepiHiH Ti3iMiHeH TaHAay epici be-
pireai: NASADEM (NASA JPL, 2020),
MOD13A1.061 Terra Vegetation Indices
16-Day Global 500m (Didan, 2021),
Geomorpho90m (Amatulli et al., 2020),
Global Habitat Heterogeneity (Tuanmu,
Jetz, 2015), Global Wind Atlas (Badger
et al., 2021), World Clim (Fick, Hijmans,
2017), ERA5-Land Monthly Aggregated
- ECMWF Climate Reanalysis (Mufioz
Sabater, 2019), ESA WorldCover 10m
v100 (Zanaga et al., 2021), Dynamic
World V1 (Brown et al., 2022),

(SR) Landsat 8 XikTeaMereH CITyTHUK-
TiK AepexTep, MbIcaAabl, (SR) Landsat
8 arMocdepanblK Tv3eTiareH 6berrik 2
IIAFBIABICY XMHAFbI (KOK, KbI3bIA, XKa-
CBIA, XaKbIH MH(PAKbI3BIA X3He KbICKA
TOAKBIHABI MH(pakbI3bIA 1 Xkoaarsl 30
M KeHIiCTiKTiK pvkcaT) XsHe L-amamna-
30HADBI CMHTETUKAABIK allepTypa MaccuBi
(SAR) anTennaraps! 6ap HH xsue HV
ALOS moasrpusaumsi AepexTep XMHAFbI,
coupant-ak GEE (normalizedDifference)
dyHKIMACHIH TaliaaraHbIl Landsat 8
xeckinpepiner NDVI xsne EVI ecenrey-
Aepi. DpTvpai vimiemi Tapam xiTamxa-
HaAapbIHBIH KOMeTiMeH aATOPUTMAEpAi
icke KoCy VIIIH AepexTep csv dalirra-
pbIHa C3liKec KiTallxaHaAap TaAal eTeTiH
MiIIiMAepAe eHrisiAeal.

Kasipri xeszeHae oHiMre kxeaeci Mo-
AYABAED Kipeai:

1) bepiaren nvkTeaep vimin GEE
pacTpAapbIHaH M3AIMeTTep aAy (HSTMXe
— GEE XubIHbIHA eHTi3iATeH pacTpaap-
AQH HVKTEeAep VIIIiH TaHAAAFaH AepeKTe-
pi bap xecre);

2) GEE Herizinaeri RF xsHe MaxEnt
XikTeyimTepin maiiaaraHa OTHIPHIIN, be-
PiATeH ayMax VIIiH XiKTeAreH pacTpAbI
XX3He KOpiHICTiH bap X3He XOK HVKTeAe-
PiHIH XWUBIHBIH (XaTTBhIFy HVKTEAEPiH)
aAy (exeyi Ae 6eAriai 6ip KbI3BIFYIIBIABIK
ayiMarpl VIIiH KbI3bIFYIIBIABIK aliMarbl-
HeiH csiikec GEE pacTpabix saicTepin
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KOAAAHa OTBIPBIN, KAaccUpUKaIMIAaH-
FaHBIH aAy VILIiH OKy HVKTeAEePiHiH X3He
GEE-aeH TaHAaAFaH KaIIBIKTaH 30HATAY
OHIMAEpiHiH XMBIHTBIFBI. TaHAaAFaH
VATiAepAl Kpocc-BaAMpalMsiAayFa K5He
OAapABIH 6OAXKAMABIK THMIMAiAiriH 6ara-
AayFa 60naAbl);

3) IlomyAsiimsl caHBIH VII TVPAL 3Aic-
neH 6aranay:

3.1) vaambl XeAipe Ke3AeMcoK HVK-
TeAepAi TeHepaumsiaay — TVPAIH 60Ay
HVKTeAepi X5He 3epTTeAreH ayMakTap
boVibIHIIIa AepeKTep HeriziHAe >KaAIbI
KBI3BIFYIIBIABIK aliMaFbl OOMBIHIIIA TVP-
AlH TapaAybIH MOAEABAENMTIH Ke3AeMCcoK
HVKTeAePAl TVPAEHAIpeTiH >BpUCTHMKa-
ABIK AATOPHUTM;

3.2) Distance —saici, Distance Sampling
(Thomas et al., 2010; Buckland et al., 2015;
Miller et al., 2019) variciHe HerisaeareH
HVKTeAep MeH aliMaKTap VIIiH KaXeTTi
aybICaAbIAapbl bap daraabl Kipic pe-
TiHAEe KabbIAAAMTHIH XX5HE HITVKECIHAE
erxxen-Ter>Kemal CTaTUCTUKAHbBI IIIbIFa-
paTbIH MOAEABre Heri3AeAreH 3Aic;

3.3) TVPAIH TapaAy TbIFbI3ABIFBIHBIH
opTalla ©AIIECHreH KOPCEeTKIlliH ecemn-
teymen (Kapsxun, 2004) acummeTpusi-
ABIK CEHIMAIAIK MHTepBaAbIH ecenTey-
meH (PaBxun, Yeanmnnes, 1990) xapamna-
JIBIM ayAaHABIK ecelTeyAep;

4) RMARK (Laake, 2013) xiTamxaHacsl
Heri3ziHAe VSIAApABIH ©MipIIeHAIriH bara-
Aay. Tipmriaikke KabireTTiairin ecenrey
MOAYAl KalIbIKTaH 30HATay AepeKTepi-
HEH 5pTVPAi allHbIMaAbl MHAEPAIL ecenke
aAaThIH XX3He VSIHBIH aMaH KaAybl VIIiH
alfHbIMaAbl MSHAEPAIH MaHBI3ABIABIFBIH
mbrrapaTbii RMARK  KiTammxaHachbIHbIH
nest 3AiCiH IaliAaAaHBII VSIHBIH aMaH
KaAy AepeKTepiH OHACYAl KAMTHABDL.

baraaparamanbix eHiM Peceliae Kanray-
CbI3 AeIl TaHBbIAFaH VIBIMAAPABIH cep-
BepAepiHAe OpPHaAaCTBIPBIABII, OFaH Ki-
pyre PocKoMHaA30p TBIVBIM CaAFaHADBIK-
TaH, aBTOpAAp pecelAik pecypcTa KAOH
’Kacay HVCKaAapblH KapacTbIpyAa.

bva xvmpic The Critical Ecosystem
Partnership Fund (CEPF)* xap>XbIABIK
KOApaybIMeH  «YHai-IlareapKTmKaabIxK
KOIIIi-KOH VIIIAThIH XOABIHAA >KOMBIABIII
6apa XaTKaH KaybIPCBIHABI KBIPTKBIII-
Tapabl cakTay» (“Endangered Raptors
Conservation on the Indo-Palearctic Mi-
gration Flyway”) xob6achl asicbIHAQ XV-
3ere achbIpbIAAABI.
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