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Jlnst TeppuTOpHH JecHOro ydactka nonurona «KapOon-IloBommkbe» Mo pesynbraTam
JUIApHON ChEMKH MoilyuyeHa Lu(poBas MOAEIb pesbeda, HaXOASIIErocs MoJ JIECHBIM
MIOKPOBOM, KapTa BBICOTHI JE€PEBbEB, MOP(HOMETPHUECKHE XapaKTepHUCTUKU KpoH. C
UCIOJIb30BAHUEM JIaHHBIX HATypHBIX HaOJIOAECHUI BBIBEJICHO ypaBHEHME, CBS3bIBAIOILEE
Onomaccy KpOHBI C 00BEMOM U BBICOTOH JepeBa, YTO IO3BOJIWIIO IOIYYHUTh
IIPOCTPAHCTBEHHYIO MOJIENIb OMOMacChl KPOH.

Kniwueevle cnosea:  xapOOHOBBIA  TMOJHMIOH; OMOMacca  PacTUTEIBHOCTH;
IUCTaHIIMOHHOe  3oHAMpoBaHue; bIIJIA; Bo3aymHOe JazepHOE  CKaHMPOBAHME,
MOJICJIUPOBAHUE.

ASSESSMENT OF FOREST VEGETATION BIOMASS
AT CARBON VOLGA TEST AREA BASED ON THE ALS RESULTS

B. M. Usmanov, A. M. Gafurov, M. V. Kozhevnikova, D. V. Tishin

Institute of Ecology and Environmental Management, Kazan Federal University,
Tovarisheskaya str., 5, 42097, Kazan, Russia, busmanof@kpfu.ru

For the forest site of the Carbon Volga test area a digital model of the relief under the
forest cover, a tree height map, and morphometric characteristics of the crowns were obtained
using lidar survey. Using data from field observations, an equation was derived that relates
crown biomass to the volume and height of the tree, which made it possible to obtain a spatial
model of crown biomass.

Key words: carbon polygon; vegetation biomass; remote sensing; UAV; airborne laser
scanning; modeling.

buomacca pacTUTENbHOCTHM WIrpaeT pEHIaloUlyl0 poJib B MOHUMAHHUH
BKJIaJIa SKOCUCTEMBI B INI00ATBHBINA YTAEPOIHBIN UK. st onleHKr Ouomacchl
U CEKBECTpAllMM YIJIepoAa HMCIOJb3YIOTCS Pa3jinyHbIe THUIbl CITyTHUKOBBIX
JNAHHBIX: BereraluoHHble nHAeKChl MODIS [1], MynbTHCIIEKTpaJIbHAS ChEMKA
Sentinel-2 [2] u Landsat [3], pamapubie ganubie Sentinel-1 u ALOS2 (dare
Bcero B komoOuHaiuu ¢ Sentinel-2 u Landsat) [4], nunapHas chemka [5].
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J11s1 onepaTUBHOM OLIEHKU OMOMACCHI UCIIOJIb3YIOTCS MOJIEBBIE METO IbI
U3MEpPEHUsI, OCHOBAHHbBIC, MPEUMYIIECTBEHHO, Ha JIByX IMOJIXOJaX —
Ha3eMHbIE WM3MepeHUs [7] U cheMKa C MUIOTUPYEMBIX M OECHHUIOTHBIX
netatenbHbIX cucteM (BIIJIA) [6]. B uncio nepBbeIX BXOJAT OlleHKa 00beMa
JIpeBECHON OMOMACCHI MO YMIUPUYECKUM (opMyaM C y4eToM AUaMeTpa
CTBOJIa, MOPOJHOTO COCTaBa M BBICOTHI JIEPEBBHEB, a TAK)KE COBPEMEHHBIE
reoJIe3NYECKUE METOIBI.

Jlnst omleHKHM OMOMacchl JPEBECHBIX COOOMIECTB C HMCIOJIb30BAaHUEM
(BIIJIA) wucnonws3yercss a’podOTOChEMKa, IMO3BOJISIONIAS  TMOJYy4YaTh
uGpoOBBIC MOJEIN MECTHOCTH M OpTO(OTOMmIaHbl [8], MYyJIbTHCIEKT-
pailbHasg CbhEMKA, IMO3BOJSAIONIAS MPOU3BOJIUTH pACYET Pa3JIUYHBIX
BEre€TAllMOHHBIX MHJEKCOB M METPUK [9] M numapHas cbheMKa, KOTOpas
MO3BOJIIET OIEHUTh 00bEM U, KaK CJIeJACTBUE, Ouomaccy apeBecunsl [10].

B ampene 2023 r. Ha Tepputopum JjecHoro yudactka «KapOoH-
[ToBomKbE» MPOBEAEHA HU3KOBBICOTHAA ChEMKa KBaJIpOKoONTepoM I'eockan
401 I'eonesusi, ocHamneHHbIM JdugapoM AGM MC-1 (puc. 1).

71."43—" 6)
Puc. 1. BIIJIA T'eockan 401 I'eonesus (a), munap AI'M MC-1 (6)

[To pesynbTaraM BO3AYIIHOIO Ja3€pPHOTO CKAHUPOBAHUS OBLIO
nony4deHo obsako Touek (72 600 000 maH TOUek), KOTOpoe 0O6padbaThIBAIOCH
B [IO Lidar 360. B pe3ynprate monydeHa nuudpoBas MoJelb penbeda,
HaXOJAIIErocsl Mo JECHBIM MOKpoBoM (puc. 2a). [lyrem Beruntanus [IMP
n3 UMM, mnpexncraBndromen, 1mo CyTd, MOJEIb IOBEPXHOCTH JIECHOTO
moJjiora, Obljia MOJy4eHa KapTa BhICOTHI IEpEeBheB (puc. 20).

Tak kak mnst oOydeHHss MOJAENH ISl TpelcKa3aHus OuoMacchl IO
nanubiM  BIIJIA  HeoOxonmma  oOywaromiass  BbIOOpKaA, HMeEROmas
KOOPJAWHATHYIO MPUBS3KY, MEPBBII ATa pab0OThI OBLI CBA3aH C MOJYyUYCHUEM
aToi obyuatromiel BeiOopku. st atoro B I1O Lidar 360 6bu1u nipoBeieHbI
cerMeHTanus obJjiaka TOYEK Ha OTJEJIbHBIC JEepeBbs M KPOHHI (puc. 3) u
pacyeT MopdomMeTpuyYeCKHX IoKa3aTejel — BBICOTA JepeBa, JUAMETP
KpPOHBI, TJIONIAaJb KPOHBI U €€ o0beMm. I[lapannenbHo ¢ 3TUM ObLIH
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NpPOBEICHBI HATypHbIE HAOMIONEHUS W PYUYHOH 3aMep BBICOTHI JE€PEBBLEB,
JMaMeTpa CTBOJIa Ha ypPOBHE TPYyJIU M OMNpejesieHrue OuoMacchl KPOHBI U
CTBOJIA.
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Puc. 3. ®parMeHT CErMEHTHPOBAHHOTO 00JIaKa TOUEK

Onenka OWoOMacchl JICCHOM pacTUTEIBLHOCTH OblTa OCHOBaHa Ha
aHaliM3e JBYX OCHOBHBIX HAOOpPOB JaHHBIX: 1) 3aBUCHMOCTH OMOMACCHI
KPOHBI OT BBICOTHI JepeBa; 2) 3aBHCHUMOCTh OObeMa KPOHBI OT €¢
Mopbomerpur. JlIs aHamm3a JAHHBIX HCIOJB30BAIKNCH Pa3IMYHBIC
CTATHCTUYCCKUE M MAIIMHHBIC METOJABI OOy4YeHHsI, BKIIOYAs JIMHCHHYIO W
HEJIMHEWHYIO PETPECCHHU.

Jnarpamma paccessaus (puc. 4) moka3bsIBaeT pacipe/esICHue JaHHBIX O
omomMacce KpOHBI JEPEBHEB B 3aBHCUMOCTH OT WX BBICOTHI. Kak BHIHO,
CYIIECTBYET HEKOTOpas MOJIOKUTEJIbHAS JUHEWHAs 3aBHCUMOCTH MEXIY
BBICOTOM JepeBa u OnomMaccoit ero kpousl (R? = 0,838).
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Puc. 4. 3aBucuMocTh 6MOMAacChl KPOHBI OT BBICOTEI ACPECBLEB

[IpenBapuTenbHBIN aHATIM3 XapaKTepa PaCIpeICICHUs] B3aUMOCBSI3U MEKITY
BBICOTOM JiepeBa U OOBEMOM €ro KpPOHBI IO3BOJSIET MPEAINOJIOKHUTh, YTO
CYIIECTBYET AKCIIOHEHIIMAIbHAS 3aBUCIMOCTb MEXKTy BBICOTOM JiepeBa U 00beMOM
ero kponsl. Koadpurnment nerepmunanuu R? paBen 0,489, yro o3HayaeT, 4To
Mozelb 00BsACHSEeT 0k0JI0 48,9 % BapnabenbHOCTH 00beMa KPOHBI Ha OCHOBE
BBICOTHI JIEpEBA.

VYuuThiBas HaIMYUE JIBYX MOJeieil (JTMHEHHOM /uisi OMOMAacChl KPOHBI OT
BBICOTHI JIEPEBa U SKCIOHEHIIMAJIBHOM /11 00beMa KPOHBI OT BBICOTHI JIepeBa),
MBI BBIBEJIU 3aBUCUMOCTh OMOMAcCChl KPOHBI OT 00beMa KPOHHBI.

B pesynbraTe BBIBEIEHO MUTOTOBOE YPABHEHUE, MO3BOJSAIOIIECE OLICHUTH
Ouomaccy KpOHbI, UCTIO0JIb3Ysl 00bEM KPOHBI KaK KJIIOUEBOU MapaMeTp:

CrownVolume
! ( 0.03 )
0.29

Biomass = —1017.49 + 48.17 =

[Tonyyennoe ypaBHeHHWE ObUIO TIPUMEHEHO K Ha0Opy MaHHBIX,
MOJIyYEHHOMY B X0JI€ BO3IyIITHOM JIa3epHON ChEMKH, YTO MTO3BOJIMIIO MOTYUUTh
MO/IEJIb TPOCTPAHCTBEHHOW AMHAMUKH OMoMacchl KpoH (puc. 5).

(@ Ycnosubie 06o3navenns

F Bblwka

noporn

Buromacca, Kr
<=290.37

I 290.37 - 321.72

I 321.72-344.78

I 344.78 - 372.17

Puc. 5. TIpoctpancTBeHHast MOZIeNIb OIOMACChl KPOH JIEPEBLEB
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PaGora BeIIONHEHA 3a cYeT CcpelncTB CcyOcuauu, BbinesieHHOW KazaHckomy
(dbenepanbHOMY YHHUBEPCUTETY JUISI BBIIIOJIHEHHUS TOCYJapCTBEHHOTO 3aJaHus B cdepe
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