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[posedeH aHanu3 KOMNOHEHMO8 U NapaMempos
umumauyuoHHol modenu buonpodykmusHocmu EP-
IC 0Ons  cenbCcKOX03AUCMBEHHbIX  yCriosull  UeH-
mparnbHoU epynnbl CefbCKOX03AUCMBEHHbIX pal-
0Ho8 KpacHosipckoz20 Kpasi. [ns KoMnoHeHma Mo-
denu EPIC«CropGrowthModel» ebibpaHbl ucmoy-
HUKU UH(bOpMayuu ¢ UEenbi OUEHKU ee napamem-
P08, Xapakmepuayruwux no2o0Hble ycnogus. [oc-
myn K kapmam nosnel ¢ ux kKoopduHamamu, ceede-
HUSM 0 8030e/biBaeMbIX Kyfbmypax U OaHHbIM
OuCMaHYUOHHO20 30HOUPO8aHUsI 3eMiu ocywecm-
8/1eH Yepe3 cepsuc aepomoHumopuHaa KUT COY.
MposedeHo modenuposaHue napamempos Modenu,

Fedotova Elena Victorovna — Cand. Biol. Sci.,
Senior Staff Scientist, Lab. of Forest Monitoring,
Institute of Forest SB RAS - Separate Division FRC
KRC, Krasnoyarsk.

E-mail: elfed@ksc.krasn.ru

Maglinets Yury Anatolyevich — Cand. Techn. Sci.,
Prof., Head, Scientific and Educational Laboratory
of Information Support of Space Monitoring, Chair
of Systems of Artificial Intelligence, Institute of
Space and Information Technologies, Siberian
Federal University, Krasnoyarsk.

E-mail: maglinets@mail.ru

Brezhnev Ruslan Vladimirovich — Cand. Techn.
Sci., Assoc. Prof., Prof., Scientific and Educational
Laboratory of Information Support of Space Moni-
toring, Chair of Systems of Artificial Intelligence,
Institute of Space and Information Technologies,
Siberian Federal University, Krasnoyarsk.

E-mail: brejnev .ruslan@gmail.com

Starodubtsev Alexander Igorevich — Magistrate
Student, Basic Chair of Geographic Information
Systems, Institute of Space and Information Tech-
nologies, Siberian Federal University, Krasnoyarsk.
E-mail: sss.sv.1995@mail.ru

KOmopble He U3MEPSOMCS Ha MemeocmaHyusiX:
CYmoyHasi CyMMapHasi COfIHeyHas paduauus, UH-
dexc niucmosoll nogepxHocmu. PaspabomaHo npo-
epammHoe obecneyeHue, peanusyoujee 0po Mo-
Oenu npoeHo3a ypoxalHocmu. BbiucneHb! epe-
MeHHble psdbl CyMMapHOU CYmOYHOU COMHEYHOU
paduayuu u uHdekca 1ucmosoli NOBEPXHOCMU KaK
yHKUUS 8€26MAaYUOHH020 UHOEKCa HOPMUPOBaH-
Hoti pasHocmu NDVI 0na eezemayuoHH020 nepuo-
Oa 2018 eoda. [aHHbie memeocmaHyuu Cyxoby-
3umckoe hepepabomarbi 8 hopmam, HeobXo0UMb I
0ns pabombi MoOenu: 8bMUCTEHbI CPEOHSIS, MaK-
cumarbHas U MUHUMasbHasi OHegHble memnepamy-

*WccnedosaHue 8bIN0IHEHO npu huHaHcosol noddepxke Poccutlickozo hoHda hyHOameHmarnbHbIX uccrnedo-
gaHull, [pasumenbcmea KpacHosipckozo kpasi, Kpaesozo ¢poHOa Hayku (npoekm Ne 18-47-242002 p MK).
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pbl, oueHeH uHOexkc obnayHocmu. [posedeHo Mo-
denupogaHue exedHe8Ho020 npupocma Had3emHoU
buomacchi cenbCKOX03AUCMBEHHbIX Kybmyp 8 3a-
gucumocmu om memnepamypbl 8030yxa 8 MmeKy-
wem gezemayuoHHoM nepuode. Pesynbmamesi Mo-
denuposaHusi exe0He8H020 npupocma buomaccsi u
CyMMa 3mux npupocmos 3a 8e2emalyUuoHHbIl nepu-
00 — Ha03emHasi buomacca — coenacytomesi ¢ 0aH-
HbIMU 06 ypoxalHocmu, xapakmepHsimu Ons Cy-
xo0by3umcko20 patioHa KpacHosipckoeo Kpas, -
23-24 y/ea. [Ins modenupogaHusi Hebnazonpusm-
HbIX NO200HbIX ycrosull 8 MOOenU UCcnonb3ylomes
KoahpuyueHmsl cmpecca, Komopble umerom 3Ha-
yeHus om 1 (Haunmydwue ycrosus no OaHHOMY
gakmopy) 0o 0 (npu GaHHbIX 3HaYEHUsIX hapaMem-
pa Kynbmypa He pacmem). [pogedeHa OemoHCM-
payusi nosedeHuss MoOesnu 8 ycrogusix Hedocmamka
gr1azu nymem npsIMO20 NOCMPOeHUs psida Koach-
¢uyueHma 800H020 cmpecca.

Knroyeenbie cnoea: 6uonpodykmusHoOCmb, Npo-
2Ho3 ypoxatiHocmu, EPIC.

The analysis of the components and parameters
of the EPIC bioproductivity simulation model for ag-
ricultural conditions in the central group of agricultur-
al districts of the Krasnoyarsk Region was made. For
the component of the EPIC model “Crop Growth
Model”, the data sources were selected to evaluate
its weather conditions parameters. The map of the
fields with their coordinates, information about culti-
vated crops, as well as the access to remote dis-
tance Earth zonding sensing data was carried out
through the agro-monitoring service ISIT SFU. Simu-
lation model parameters usually not measured at
meteorological stations — daily total solar radiation,
leaf area index — was made. Software implementing
the core of the yield forecast model was developed.
The time series of the total daily solar radiation and
leaf area index were calculated as a function of the
normalized difference vegetation index NDVI for the
vegetation period of 2018. The data from meteoro-
logical station ‘Sukhobuzimskoye' were processed
into the necessary for the model format: the aver-
age, maximum and minimum daily temperatures
were calculated, and the cloud index was estimated.
The simulation of daily increase in the aboveground
biomass of crops depending on the air temperature
in the current growing season was carried out. The
simulation results of daily biomass growth and the
sum of these growths during the growing season —
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the aboveground biomass — were consistent with
yield data characteristic of the Sukhobuzimo district
of Krasnoyarsk Region — 23-24 c/hectare. For ad-
verse weather conditions modeling, EPIC used
stress coefficients having the values from 1 (the best
conditions for this factor) to 0 (the culture does not
grow at these parameter values). The demonstration
of model behavior in conditions of lack of moisture
by direct construction of a series of water stress co-
efficient was shown.

Keywords: bioproductivity, crop yield forecast,
EPIC.

BBepeHue. Mpn peleHnun 3agay oueHku 6umo-
NPOAYKTUBHOCTU  CENbCKOXO3ANCTBEHHbIX  KYNbTyp
LLIMPOKO WCMOMb3YHOTCA PETPECCUOHHBIE Y MMUTALIM-
OHHble Mogenu [1]. PerpeccuoHHble CBA3W Criek-
TpanbHbIX OTPaXaTeNbHbIX XapakTePUCTUK NOCEBOB
C WX (puTOMACCOi MO3BONSIOT OLEHUTb YpoXau-
HOCTb [2]. IMuTaumoHHble Moaenu Hanbonee 06b-
€KTMBHbI, MOCKONbKY MOZENUpOBaH1e MpoBOANTCS
Ha OCHOBE aKTyarbHbIX JaHHbIX 06 yCroBusx pocTta
KynbTypbl. OgHaKo 3T Mofenu sBNstoTCs Hanbo-
nee TPyOOEMKUMM Ha 3Tane napameTpusauui W
TpebytoT onpeaeneHns 6onbLIOTO Konn4ecTsa na-
PaMEeTPOB, NPeaCTaBNSIOLLNX XapaKTEPUCTUKM KyIlb-
TYpbl, MOYBbI, MOrOAHbIE YCNOBMS, MHOrONETHME
CpefHve MeTeoponornieckue aaHHble n ap. [1].

AmuTaumonHas mogenb  G1onpoayKTUMBHOCTM
EPIC (Erosion Productivity Impact Calculator) pas-
paboTaHa B TexacCKoM CEnbCKOXO3ANCTBEHHON Ha-
Y4HO-UccneaoBaTenbekon nabopatopuu [3). Pasgen
aaHHon mogenm «Crop Growth Model» nossonser
OLEHMBATb EXECYTOYHBIN NPUPOCT Haa3eMHoOM 6umo-
Maccbl pacTeHui 1 Takum 06pa3om Aenatb NPOrHo3
YPOXaNHOCTL, UCMOMb3ys NapameTpbl pocTa Kylb-
TYpbl, METEOPOSIOrNYECKE AaHHbIE, XapaKTepUCTU-
KW MOYBbI 1 Ap. (OKONO 25 napameTpoB).

OnbIT npumeHennst mogenu EPIC npeacraeneH
B psge nybnukauui [4-8]. B kaxaom cryyae Heob-
X0QUMa aganTauus MOZenu Ans perMoHanbHbIX
YCMOBWIA, KOTOpasi BKIOYAEeT BbIOOP MCTOYHMKOB
METEOpPONOrMYECKMX [aHHbIX, MOAENMpOBaHME na-
PaMEeTPOB, KOTOPbIE HE U3MEPAIOTCS HA METEOCTaH-
Unsx (HanpuMmep, CyTOYHas CymmapHas paguaums),
a TaKKe aKTUBHOE WCMOMNb30BaHNe AaHHbIX AMCTaH-
LnoHHoro 3oHamposaHus 3emmm (033). B CLUA Ta-
Kue napameTpbl, kak MHAEKC NNCTOBO NOBEPXHOCTM
LAI, TemnepaTypa no4sbl 1 COSHEYHAs paauauus,
N3MEPSNNCL HENOCPELCTBEHHO B NOMEBbIX YCOBM-
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ax. B npuBeaeHHbIX paboTax ans oueHku LAl npu-
MEHSIETCS BEreTaunoHHbIA WHOEKC HOPMUPOBAHHOM
pasHocT NDVI, koTopbIii paccumTbiBaeTCs Mo AaH-
HbiM [133, oueHka 4onM (POTOCUHTETUYECKM aKTMB-
HoW paguaumm OAP ocywiecTBnseTcs no Mogenu,
UCTONb3YS  OTHOCUTESTbHYIO BIIAXHOCTb BO3yXa,
MaKCUMarbHYH0 CYTOYHYI0 TemnepaTypy nouBsbl Of-
pedenslT no CyMMapHOM KOPOTKOBOSTHOBOW COfl-
HEYHOW paguauum, a MUHAMAnbHYK — no addek-
TUBHOMY U3NYy4eHno aTMocdepsbl [4], ncnonb3ytoTcs
OaHkn paHHbIX peaHanusa [8]. MposegeHbl uccne-
[0BaHUS MOBeAeHUs Modenu ans ycrosun 3anag-
Hon Cnbupw [6]. ABTOPbI NOMYYUIN NONOXKUTENBHBIE
pesynbTaThl NPU OLEHKE YPOXaMHOCTU CeNbCKOXO-
3ACTBEHHbIX KyNnbTyp B AnTanckoM kpae, THoMeH-
ckoir 1 Hosocubupckorn obnactsx, BknYas npo-
rpaMMHYI0 peanusaumio Mogenu [7].

Llenb nccnepoBaHus. AHanm3 KOMIMOHEHTOB M
oueHka napametpoB EPIC gns ycnosun Cyxoby-
31MCKOTrO paroHa KpacHosIpcKkoro kpasi ¢ UCnonb30-
BaHMEM CUCTEMBI arpoMoHuTOpuHra COY [9] u pas-
paboTka NPOrpamMMHOr0 KOMMOHEHTa, peaniuayioLLe-
ro 6a3oByt0 Mogesb NPOrHO3a ypOXanHOCTU.

Modenb  npoeHosuposaHus  ypoxalHocmu.
ApanTaums mMogenu Ans 3emnegenbyeckon YacTu
KpacHosipckoro kpast TpebyeT OLeHKM MHOrMX na-
paMeTpOB, UMEKLLMX perroHasbHble 0COBEHHOCTH
W HEM3MEPSIEMbIX Ha UMEIOLLMXCA METEOCTaHLMAX.

OcTtaHoBumcs nonogpobHee Ha onncaHum 6aso-
BOW YacTu Mogenu, coxpaHss ee obosHaveHns. Oc-
HOBHas (hopMmyra onpeseneHnst ypoxanHoCcTh Kynb-
Typbl umeeT Bug: YLD = HI x By, roe Bac — Hag-
3emHas bromacca, HakonneHHas 3a BereTauyoHHbIi
nepwog; Hl — nHOeKC ypoxanHoCTU KynbTypbl, NOKa-
3blBaKOWMIA JOMK0 ypoxast B Hag3eMHon Guomacce
pacTeHWA B MOMEHT MOIHOroO co3peBaHms [10].

[Ins  NpOrHO3MpOBaHWS YpOXaMHOCTW BMECTO
nHpekca HI vcnonbayeTcs Tekywmun uHaekce HI x
HIA), roe koacbdmumeHT HIA; paBeH Hynto B [eHb
ceBa W Bo3pacTtaeT 40 1 HENMHeNHO B 3aBUCUMMO-
CTW OT CYMMbIl HAKOMEHHbIX B TEYEHWE CE30Ha [0
OHS | Temnepatyp K MOMeHTy cbopa ypoxas. Tak-
Xe B hopmyne yuuTbiBaETCS TEMMepaTypa, HKe
KOTOPOW KynbTypa He pacTer.

CyTOuHbIN MpMPOCT BGroMacchl onpeaensieTcs
ypaBHeHeM: AB = AB, x REG, roe AB, — noten-
LnanbHblii CYTOYHbI NpupoCT BGromacchl Npu onTu-
ManbHbIX YCNOBUSX AN AAHHOM KynbTypbl, REG -
PerynaTop npupocTa, MUHUMarbHbIA KO MULIMEHT
CTpecca Cpeau BCEX WCMOMb3YHLUMXCA B MOZENH
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ko3chdmumeHToB cTpecca (HebnaronpusTHbIX hak-
TOPOB, Hanpumep TemnepaTypbl BO3ayxa, Hejoc-
TaTka BrarM, HegocTaTka NUTaTeNbHbIX BELECTB W
np.), TO €CTb IMMUTUPYIOLLMIA haKTOP B 3TOT AEHb.

MMoTeHUManbHbIn  NpupocT 6uomaccsl B A€Hb
i onpegensietcs BoipaxeHueM: AByi= 0,001 x BE x
x PAR; x (1 + AHRLT)3, roe BE — cneuynduyHbIn
ANs KynbTypbl KO3hMDULMEHT KOHBEPTALMM SHEPTIAN
B 6uomaccy, krimIx, AHRLT; — nameHeHne AnuHb
OHS B JeHb i, y/aeHb; PAR; — (hOTOCMHTETIUYECKM
aKTWUBHas pagunauns B AeHb |.

®OTOCMHTETMYECKM aKTUBHAs paguaums B EPIC
onpegensietca BblpaxeHueM: PAR; = 0,5 RA; x
x (1 - e065LA)); roe RA; — CONHEYHas pagnauus B
AeHb i, Mx/m2, LAl — nHAeKc NMCTOBOM NMOBEPXHO-
CTW, B AaHHOM paboTe BblYMCNSETCSA MO 3aBMCUMO-
CTW OT BereTaluoOHHOTO WMHAEKCa HOPMUPOBAHHOM
pasHocT NDVI no gaHHbIM AMCTAHLUMOHHOMO 30H-
AMpoBaHus 3emnu.

ABTOpbI paboTbl 4/ OLEHKW MOTOKa Cymmap-
HOW (MPAMON U paccesHHoW) paguauun RA; Boc-
nonb3oBanuce copmynoin bepnsHaa [11] n pabo-
Tamm [12, 13]

__ Spxsinhg
Qo = 1+f*cosechg’
roe So = 1,98 kan x cM2 X MUH! — ConHeYHas nocTo-
SHHasi; hs — BbicoTa ConHua; f — KoadduumeHT, 3a-
BUCALLMIN OT reorpacpyeckoit 30HbI M BPEMEHM rofa.
BBuay TOro, YtO0 Ha NOTOK CyMMapHOW paaua-
UMM OKa3biBaeT CyLIECTBEHHOe BnusHWe obnau-
HOCTb, MCNONb3YyeTCcs hopmyna

Q=Qox(1-fxn)

rae n — nHaekc obnayHocTy (B JONAX eanHuubl); f
— OMMUPUYECKUA KOIDULMEHT, 3aBUCALLMA OT
reorpadom4eckoi LWmpoTbl MecTHOCTM [11]. daHHas
opmyra Mo3BOMSET CHU3UTb  OTHOCUTESTbHYIO
owwbky pacyetos Ao 8-10 %.

WHoekc nuctosoit noBepxHocTn LAl paccyuTbl-
Bancs no 3asucumoctam ot NDVI no gaHHbIM anc-
TaHUMOHHOrO 30HAMpoBaHusa Landsat 8 OLI n Sen-
tinel-2.

C dopmynamu ans pacyeta Opyrux KOMMOHEH-
TOB MPUBEAEHHBIX COOTHOLIEHMA MOXHO O3HAKO-
muTbes B [10]. B Tabnuue npusegeHbl 3Ha4eHMs 1
UCTOYHUKM AaHHBIX [N BXOAHbIX NapamMeTpoB Mo-
AENV NPOTrHO3MPOBaHKS YPOXaNHOCTL.
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PesynbTaTbl uccnepoBaHus M ux oocyxae-
Hue. PaspaboTtaHa nporpamma Ha s3bike Python 3
ONs OLEHKN EeXEAHEBHOro MpupocTa Haa3eMHO

Me [aHHbIX Tabnuubl WCNOMNbL30BANMCh AaHHble
cepauca arpomoHutopuHra UKUT COY, B Tom uuc-
ne kapTa nonen u reorpacuyeckne KOOpAMHaTbI

Bromacchbl CenbCKOXO3AMCTBEHHbIX KynbTyp. Kpo-  nons, KynbTypa, BblpallMBaemMas Ha none.
BxogHble paHHbIe Mogenu
[laHHble, KOHCTaHTbI 3HaveHune/ACTOuHMK
MeTeogaHHble: MUHUManbHas 1 MakcuMmaribHas TemMnepatypa
BO34yXa, KONN4ecTBo 06nakoB, MHOTONETHME cpeaHue Temnepa- | https://rpS.ru/
Typbl BO3AyXa
Cymma aKTuBHbIX TemnepaTyp Bbiwe 5 °C 2000 °C
MuHumarnbsHas Temneparypa pocra 4°C
[ons 3epHa B Hag3emHoi Guomacce 0,4
KoadhdpmnumeHT koHBepTaLmm aHeprum B Guomaccy 30 kr/mx
WHpekc nuctosoit nosepxHocTu LAI PaccyutbiBaetcs no aaHHbIM 133
KoopauHaTbl nons/en (LWmupoTa u gonrota, rpagychl) F'€0CEpBHC ATpOMOHUTOPYHTa
P P - PRy VKWT CoY
Nlata cesa eocepBUC arpOMOHUTOPUHIA
NKUT Coy

[pOrHo3 ypoXanHOCTM MPOUCXOANUT CREAYHOLLUM
obpasom.

1. Monb3oBaTtesb BBOAMUT AaTbl CEBA U TEKYLLYIO,
yKa3blBaeT KynbTypy 1 none.

2. PaccuntbiBaeTcst ypoxanHocts YLD; no gaH-
HbIM 13 (paina TekyLMX MeTEOAaHHbIX 0O YKasaH-
HOW AaTbl (B Hawwem cnyyae 3to 20 mons), npogon-
kas pacyeT 4o 15 aBrycta no MHOroneTHUM cpea-
HUM 3HAYEHUsIM.

Moctpoenue psga NDVI v ganee LAl Ha nepuog
C CepeamHbl Masi Mo KOHeL, CEHTAOPS C BPEMEHHOM
[VUCKPEeTU3aLMe B OOHY HEOENto, a Takke C y4eToM
BaXHbIX 4aT no pasam pasBUTWS PacTEHWi BbIMos-
HeHo no aaHHbIM [133 Landsat 8 OLI n Sentinel-2.

YpoxanHoCTb (Macca 3epHa), paccuuTaHHas no
YCPEAHEHHBIM MHOTONETHAM NOTOAHLIM YCMOBUSM K
15 aBrycra 2018 r., cocrasuna 24,4 vu/ra, NporHos-
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HOe 3Ha4eHue, no gaHHbIM 2018 r., paBHO 23,5 L/ra,
yTo cornacyetca ¢ faHHbiMn [14, 15]. padmku
CpeSHEMHOrONETHEro Xofa exeaHeBHOro NpupocTa
Bromacchbl KynbTypbl, NPUMPOCTA MO NOrOAHLIM YCIo-
BuAM 2018 r. npuBeSeHbl Ha PUCYHKeE.

BbiBoabl. Mogernb AeMOHCTpUPYET yBennyeHne
npupocTa 6uomacchl nocre MosiBNEHNs BCXOAOB,
3aTem npupocT KonebrneTcs BOKPYr CpeaHero ypos-
HS, pearvpys Ha morogHble ycriosus. [losegeHue
MOZEnM C Y4eToM TemnepaTypHOro U BOZHOrO
CTPECCOB MOKa3aHO NyTem MpsIMOro BBELEHMS psaa
koathpuumeHToB cTpecca. [nd BOAHOMO cTpecca
CMOAENMpOBaHa CUTyauusl 3acyLUfIMBOrO Wons ¢
koadphmumeHTOM cTpecca A0 3HadeHwin 0,3, ans
OCTanbHbIX MECSLEB 3HAYeHWe BapbKUpOBanoch OT
05m01.
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