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AN EBZEMERBITEFHRN I FEYSE

HER, EB

L i E MO B2EIFTE B PEIRME BAFFEAT, JEET 100091;
2. EZEMl AR R Mol S5 (5 BH AR E S 8=, Jbat 100091

 OE: BOLEBAYEIEELBL (LiDAR Biomass Index) ABH 5 T WO A BRI R SRR AR By 3b A=)
i, RSO SR R BAT R B AR W B ORE B, (ELH ORGP BE ) 1o R A B SE R . ASAIE
FELAT AL D5 Iz R R T A AR 1], R LBLUF S AR AR/ NIE N EERR SRR AR i, SmAS 2] 1 X R/NFER
BE A, RS SR BT AR ISR R . IR, 458 HAMIZHE T LBLAY v M-8 AR Py AR PP A
AT DX 3l A [ RS 7 s FH P, 5 8 RO ZS 3 (195 LMR - (LiDAR metrics—based regression) #EATXF L, 45
SRR . LBIREAE LU 2 A B2 ST /N RUBE (AR i i 50, AN R) XA 4 R AU TH A5 3 1 45 1 5 S s
[Bl U5/ R* A 0.86—0.80, AHXTHI %25 (relative Root Mean Square Error, rRMSE 4 33.51%—40.23%; LBI Jrik
SR 35 M SR AR B AR W AR BE S LMR J7 R 30+ (0 RE b (487 >3000 BREAA ) AR5 04 A iy e s R
PRAES,  H LBITEAN [RI AR B [R) R A 22 ) B3 P PR BESR o AR50 4 ] AGB_LBIAR Y R4 T o 52 AR 37 14 81X Js
A/ NIEN AR TR SE L T VR A AR iR P, O ER IR T A A W 0 A R A A A R
HAMPR S, —F A 20 mx20 m (YU EAREC T BOm g — 2t (R*=0.75, RMSE=1.55t). AHFIEAE Xt
PNERTE T LBLJ; B Al 5/ INIERUBE ARb st b A= e (G 7, R ITH AT TR IO BT R ARptt b2 s A5 55 A9 0
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M Y5 AGB (Above Ground Biomass )
RE A% S W AR AR BN DR RE ), SRIKRARZE 1K F-,
TEHE S RGeS A sk U B AT T vh & 45 36 AN 7T B
R TER (Herold %5, 2019; 3K 48 FI T H %,
2021) o FEFHIAMENRTT 2 i ARL) 7EHAR
JUBE I 4 0 5 AGB 8% I\ iy 02 & 1 0 19 5 4k
(Goldbergs %5, 2018). SR, X Fh )y ik 75 2K i
I A AR AR B R L ARSI I A
TAERE R HAs X ARbkid UsaR (ki 48, 2011).
S AR R A H TN SRz B T AR AR LR
WA R (R 45, 2022) 0 DATERYBIFSE
L BFSEN DUHEESE 1A I T A ()RR 23 R Ao

Wi BHE: 2023-09-06; FRENZR: 2024-05-16

A A (L3S M R . T — A
BIXH . 2EML%) (Ebuy4, 2011; Névar, 2009;
R 4F, 2015), ik SeiRl— el i 2 sl g 2 5
R OE A (5 SR v A WA EL 7k W A Ok [
A SRR B A T, (R e A Ny 0
T v ] A T 5 B K 114 i T A AR R 2 T
(Ledo %5, 2016).

J TR B D1, TR SR A
i) 55 A8 A0 W, 3 3 R ) A A I T A
I SAEAG B TR & B (Tian 55, 2023; ZR{l
{74, 2012; ¥4 de 5, 2013), Hir, Seimy
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Mk 1, LiDAR 45 AR 4% BB 3 OF- & AR ] LA
o R EEBEOLES . PLEEOLE L . B0t
Wik, WIEEOLEIR (R EMEHE, 2021).
FHLE TR R R, BERMKEWSE (L
AYra) B4 DT R B L. Coops &5
(2021) ZEIR T F AL 2N 2RO TR ik EA T AR AR
ZHEAEM TR, HEOCER A SEMIE S K
RIS G L THE 5. Neuville 58 (2021)
FF T AMLBOETE X MR E 27 > H ARSI T 568 2
L MR ECE SRR S8, I S OGS
AR B AH SR T TR L . 45 RERWT, 4
GO A A EDGIE B RE A NIz M SRR A )
ZREVERPEAL . Dayal 55 (2022) 5% 170G A
FHH A1 B X AN ) FR R IR 58 K 43 S B0 I 4 5% i)
LaRue %¥ (2020) PFAf T i AHLER KOG T 5 7 5
ARG Z R T T A E . S5 5RRW], PiRD
WO TR IR B TEAGT I 2 5 B . R . R
Jo P R T RR ) A 2 TR A R AR i Y B2 o — 3
PE,EH T RO 5 B % S B TR 41 R 1 S 4K
vt o WOGTE IR AT ARMA Y i Ak A kR
T ARG SR (4350 4%, 2016;
Xuf¥, 2021). REZHOEET AR kM HE 5
RV A W) et B AR AR ES 1 1 At A8 1 5 70 A b RUJEE
AR RO TR IR AR AT OCHRE DI AL R b
JUBE 14 A= 4 A AR AR S B KV L A AR bR A )
A (CoopsZE, 20215 Latifi%s, 2015), ek
B 5 1 o A8 4 [0 3 3% LMR  (LiDAR Metrics—based
Regression) . 1% 5 I BRI HUIS A 5 B AL ) A kG
B, AR R R SR B AN S R R TR A
P, (A AN R B Ak AR RUBE [ B RS 20 A4 A= )
HITESR . BT ORMA Y IR A — R
AL RO T 3k PR B SR S5 28005 A2 Bk
HW P T OCHR, RASE R AR BRI A
Yy 09 E (Fu %, 2018; Popescu, 2007). {H
TR AR KA IR 2265, X U A ft
SOIER7/pan =kt

Wang %8 (2021) 4 7 #OGH A4 P R84k
LBI (LiDAR Biomass Index), 7] 5T HbFLHO: T k&
Bt Hh P IO AR S RN R S R A )
T IRFE B E B AR R AR AR 3 B
AR Y RIS . HE, HIEBOETHEIA
AT IR RIS, e/
FEL PO O AR B . fR T AL B0 B ik H R W] LUl B
PR £ R B 200 T R = 4454, Du

85 (2023) FIERPLABOLH X5 HIEBOLE S
TEFLA B 22 5, TEXTHLAGHOL TR 5 AR
TS AT AME R ER L, R LBUSGII N THLAR
HOCH BBAR AT ALY E IR, SRR Z
ARG B B AR AR FIRE U B0 UE T LB T 5K
T i RORE A= W i RO L

PLEHOLH A R RENS LB 2 T
R RO s 2 B i3RI, i LB K
ARMREE Wi i P RE T i R AT RN TS I . A,
ARSCAEBA WIFERI IR I, 45885 70000 kA
AT Sh S B R R LB T/ NIE B A= 38
AT AT, JF AT bR 37 Y0 L A A A 1 i 1)
ML R T A A5 R 5 LMR 5 12 A2 i A ) i P AT
FERR L, R LBIJT LA B S . E—
A, VAR T LBUAEE Y A My i AR T A AN () DX A
() B b e B R Ty, A SR AR AR AR ) K A
TR RSN . TR R BOR SR

2 WS IX AN

AR SCHRIFFE XAV T v ]l Y4 A T T A
MR RILE M R K KK (46°20'N—46°30'N,
130°32'E—130°52'E) . M3 + 5 DL AR 4 &,
SERPER O 250 m, HUE EEOMAKIL bR, SRR
K22 10°—20° AR & AR KBt 2 XU
YRR 2.7 °C, AFBK, HEREMR, FRK
W2 550 mm, AETCFEWIN 120 K. Mg EAR
HiL T AR 2 A 18866.67 hm?, A AR (5 b 11 X A
76.7% (2914467 hm’), FERFEIE: KEAEMT
¥ (Larix olgensis) . & T ¥ (Pinus sylvestris var.
mongolica) HMELIFS (Pinus koraiensis) o wa % MY
PEE N 1R
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Fig. 1  Geographical location of study area
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3 Bk IR Ak HE

3.1 HEBOEEEBERES A2

i 2% A M I R S AL 2O e A R FR A
W B2E 9T BERY LiCHy  (Lidar—-CCD-Hyperspectral )
R4 (5 4%, 2021) FT20174E5 7 31 H—20174
6 15 HIEEREL, ®A7F-H iz 58 KL, LiCHy
Y] A RN B S =8, =3P CCD
AR REDEIE AR . R RGP T RO T A
1L 2% N Riegl LMS-Q680i BOLFIHRIXL, £tk
60, TAEP K 1550 nm, Bkb5E)E A 3.5ns, fix
KIEEWF R 400 kHz, FEILFR 1. ARUWEIE IR
SRR AT N 1050 m (ZaXHiEE4E ), iR
160 km/h, 85z iy 8] ) 5% ) 5538 BE 294 60% , 3k
I 05, 25 B 14—25 /m?, PRI 2,
R1 2HEFHLEENY Riegl LMS-Q680i 1 1% L85 54
Table 1 Sensor parameters of Riegl LMS—Q680i full

waveform laser scanner

5 H BH HiH Py
HOLB K /nm 1550 | BkehSSIFEAH,  80—400
k5 e s 3.5 | HRUSRAH, R 266
R FEI /s ! PR AT
LB 25 /m 30—3000|  HHIAMIC) +30

TR B (V) fmm 20
WA 53 HER/ () 0.001
i FE AR /bits 8

POLH R B /mrad <0.5
BAALE AL ) U8
BREE/(S/m?) 14—25

B2 b R i IR AR L O R A Bl

Fig.2 Raw point cloud data of Mengjiagang forest farm

RBHLEFOCR =B 5, & et U] g
AR SRJE, A TerraScan £/ H iy i —
0TI 288 SR K S W I 1 05 25 43 28 Sy b T A TR
HbTAD A5, P A b TR A5 A R B R IR A R

TEMCHER b, X0l T FEAT 48 (A B 1 m 2 HER Y
B m AEBLA DEM  (Digital Elevation Model) , Jf:
LM RE RN —. R, X H—1)E 8
L s AT 47 B AR JOBIE 9 DX 8 5 2 v FE A A CHM
(Canopy Height Model) . )&, 5T IH—fbAgHLZEL
WOt =B, 4 A W5 XY CHM, R I NSC
(Nystrom—based Spectral Clustering) HLA 43 1] 5.7
S BT ST X AL BOE 5 B A P B
H (Pang %, 2021; LAl 4, 2022). FEdtEEAh
b, EEER R EOCE R AR (Jia
FlPang, 2023), FRHCHSE X K & AR Y
PLEBOE R = RIS R . 3 i 2 i kg v
Fi DX Y FE N O DIL RO G i = SR B4 2R

K3 EmRMIGHLEHOL A = AR B SS
Fig. 3 Individual tree segmentation result based on the

airborne laser point cloud of Mengjiagang forest farm

3.2 ARSI

VR BT 8] A J2 Ml 6 2 28 7 A7 Sy it 2 4K
it ARSI B RARB T AT Y A
DIRAR R B RS HEAR 2., Nt & B
MBI %, MAR3 KM A /NIE, ARG BRI
S R AT T X SE /NIRRT AR o B s M e K
i b 37 A P OLD 3 2 A ER 1T BRI, R A Ty 5C
HAMRKE R IZERITIFE 2017 4F . 2018 412019 4F
(1] 43 S AE AR B VG &8 XA 39 A/ NBEBEAT T AR
Bt A, HACE M AR 1, T
76169 FRA, JFHZHR 1 em AR PUS TLAICSR T 5 em
J UL BT A BOR B9 B 42 DBH  (Diameter at Breast
Height) . X 4—A2BrAY AT A 5K, ISR DBH
A FEARKITE ASM (Allometric Scaling Model )
KA RG-S AN E RS EY R K
J X A /INBE A AT AR B ) B A e R AT 2R
3B BAS/NPERY SEI A= Wy it A5/ NBE IR 5 Y B
A% . DBHIBUE S L ARSI A 1y e 2
B
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Table 2 Statistical parameters of 39 sub—compartments for forest operation survey

5 FARBEE Ji#%/em T A /hm? AWriEn Gty LIV N DBH/cm T A/ hm? AWy iEN
1 1100 10—40 2.13 208.42 21 1008 12—36 1.76 182.64
2 514 10—30 0.79 86.85 22 411 10—32 0.88 57.83
3 444 8§—30 1.02 62.09 23 503 10—36 1.46 122.45
4 4143 8—36 6.17 630.93 24 1309 8—28 2.90 229.35
5 818 12—34 1.76 157.29 25 4703 6—40 14.88 921.94

6 1158 8—34 2.74 203.21 26 5358 10—38 12.75 1307.48
7 3184 6—40 9.82 849.35 27 2868 8—36 9.00 673.19
8 1659 8—44 5.29 477.72 28 1591 10—34 3.32 285.68
9 4496 10—46 14.30 1171.80 29 1837 8—36 4.54 309.94
10 3489 6—42 8.30 901.31 30 1117 10—32 2.32 183.84
11 4535 8§—42 8.06 1113.47 31 707 12—32 1.90 125.82
12 4066 6—44 9.23 988.03 32 922 8—34 1.29 144.59
13 1753 6—40 7.23 388.08 33 2658 6—34 4.21 420.99
14 2877 8—40 752 694.64 34 999 8—30 1.29 167.45
15 699 10—38 1.62 181.53 35 1631 10—32 2.72 269.04
16 3458 8—42 5.96 646.90 36 731 10—36 2.08 130.50
17 168 10—36 0.52 40.02 37 2184 6—42 14.57 443.98
18 1661 6—40 3.74 432.55 38 1068 10—34 7.62 987.10
19 1977 8§—34 5.43 360.07 39 892 8§—38 2.89 186.30

20 1473 8—34 2.55 205.56 ait 76169 196.53 16149.95

1 DBH Mla4% .
33 SELEYEHIE

ARG R A 53 LMR  (LiDAR metrics—
based regression) FRHU T # K K AMRIZPEES (&1
BEAMEN B A RS ETE LR 4), TS
5T LBLAY 5 I AR HU A W 1 4 A T EA T8 L

AE W /(t/hm?)
TK 0 09 18 2.7 36 l%‘: 297.97
ik: 9.81
FEl4 T LMR I7iE 3R 5 52 b Mz P R X 38 1

oA A

Fig. 4 AGB map of the western region of Mengjiagang forest
farm obtained based on the LMR method

4 BFFE Tk

4.1 BT EEW=IEE

LBI 0] 3 F =40t i s B H B3R, ik
Ry — 2 B R 0% 2 6 R B JEE T g R e AL g AR
IME, BARTFREAXIT (Wang %, 2021):

H,

LB = lim > (0, (H)-m+(r () -aH-H) (1)

Kb, LBUNBOGER AW EAREG HRR NRAR
BSENEER A BEAE, my H WA, ms RSO e
RIBTE, r(H)Zm e AR, m;
U, (H )ZFs i i AR, m*/m’; AHE—
TRy BRI, m, T LBLAY RERA .

A CAHF Du%F (2023) X LBIFEAL 20O 4
= BRI, 55 R AR S SRR R R
LB S = AT AME RS2 T LB . %07
A A ARG /D B AN A (2358%) AP
AT AT A AR A 1 A A TR A A R v R AR
AT . BT LBIRAY IR T

B
AGB = k-HE-LBI« )
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KA, AGBAFMMb YR, HIWE; «. B,
K MR S8, — T ZE AL Ot i = AR S)
NG P UL R REAR R, TS5 Gk B kAR
B (4 A1 S A A S TR U R

PRA 5 v 28 O SO R A A e R ST R
ARVRE o RUBE b A KRS B EA T T 98 0F, %o HemT
B PRl AR MR A 4 2 ] T 1 BB ) i R iR AT R G
WAL o WG, AR SCES A ST X RV 152 33 A 4
e X BOE /N B RE () Ak RS B R A7 500, I
PEA IR X B4 R A 2 o

42 BHREMERIHERE

ST WO TR I8 A ) 4 E0 A ) A R A
FEI R AANTR: TS, EFAM SN A R
B s 0 BOR A B H SR B 2 4 TR R AR 90 A
AR, — MR, FEAS BR Y A2 9 R
A, ARSI BUR A HL S B R A R . TR
BF, MBEAT SCHRES ST AT, REA BRI B0 — i
Ni>358k (Dudf, 2023); Hik, WRIEHAFEAR
AR PR S04 B DG FEATL 2RO 5 = I B R A IS5
FE MR HA 45 REAS BARS B A MIL 2RO s = B
R, RIS 28R4 40 (D) 154
AFEACFRR B LBLFIAM S8, [ I AR 4 AR A
KB S e 58 5 A S A K T R T B S A )
Ho fefa, MRS FEARRARN LBL. R m i sei A4
Yy AR ARG (2) AT S,
A5 20 AH R A A A A AR L A ST A8 Du
& (2023) ELMHEETE N R R IEAT XK TR
I B A o (14 A 4 B AR B AR S /N IR RO 1
Yrig, JFIPAR L T RINGE . Tt ZE 5 40 A X Jk
)8 PR Ao A B e AR R A 5 R B R AT
43 IMEREMNFREVERIES X

AR SC A 3 AT T /N BE RO B AR T
iR

(1) EHEHATAY B AR R T RIS, F)
FH R M3 B PR R AGB_LBI B AL 25 & R
Iy EN G R AN B RR R I A i, SR
Je AT /INBE DY A R 1 SRR IS INBE ) S AR
i, IS AR TR A B TR A N BE
AT L

(2) N T E— 25 56 UF AH [R] B Feb (1 A= 4 2 A5 7Y
FEATR] D8 ] g 38 P, AR SCERECT BT STk

HFH H A AR vh v i AR AR ) AGB_LBIAE W)
T A5 A R S AR 5 AR AIF Y DX A A e [ A A Y
A REASEAL IR AT T o 2 AR Y /N BE
ARG (Dusg, 2023) . BARALEE 530 AR IR
TR RN FEZE ARG b e B 35 BRAE A B A 22 1Y
A RERERL A ORISR Y 20 #k ik B AR B0
A AR, RIS . ARG R €
IR BT 105 Bk B ACHE S Y A ) B AR AL L)
e R T 105 BRAEA BAHI KA (1 20 B i A1 A A
JEINEEtY/h =y il

(3) K2 T LBIAY A= 4y A5 R 50 1) A
S5 A A & 13 LMR  (LiDAR Metrics—based
Regression) FREXHAEY & TX . Hid LMR 77
VA 6E I ) A PR B 3 AR I S5 AR R A IHAT
A SCRR AR (Du s, 2023).

AR R AR ) 5 AR L B A B
AR S AR ) i 1) ) S8R FH e R (R,
YR 1222 RMSE  (Root Mean Square Error) F1AH X}
Y7 MR 22 fRMSE  (relative Root Mean Square Error)
AL, SRR ITHE AL T PR

n

2(%_5%)2

RZ - 1 _ i:nl (3)

4

RMSE

rRMSE =

=~ x 100 (5)
Y

A, nA/NBER R 5, 2T LB A ) 5
RUEE LMR Ty S s i A/ NBER AR Y iy,
TS EUE RTINS 5 R )
y A NI S5 A e A A L

5 RS0

51 HFW/NREYETERERIE

K5 (a) — () JE7s 72T AGB_LBI BT fY
i R BRI RARERR/NEE RO M AR
CoATIRAE S AT A &/ Ep SR S 710k (A S a m e ¥ it
o Hodr, AR 3 5 R N F K AR |
RAINZEAY | 285K 8 U 35 BRAEEAS UK B
IR INGEARIZ I 20 B AT AR HIAS [R] B 20 5
T AT
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Fig. 5 Biomass results obtained from LBI-Based models calibrated using sample trees from different forest farms and comparison with

subcompartment data

BARRE, RAASTFE B REA K E AGB_LBI 5
BT AR M 39 AN /NFE I A i 5 1 5 1R A 4
Pt AR W% S I A iy [l VA AR B ) RA 2R K, 78
0.86—0.88 Z [l &S (a) WJUL: 554 Hh ik
HUREZS B K U AGB_LBI S 0 15 3] (14 A= Wy 1 K5 3
Befm, SRR E T IEE A R4 0.88, rRMSE
H33.51%, (Hi&, WIUTLAXT 1 12600 B g K,
T I X T A W 5K B /N BEAT AR — R R B
i, XA RE S REAC BB AR B A 6. &%
S AR A BRI, A bR TR
TS TR (1) R AR B R A R AR B 918 16 9 ) Bt 37
SEOS T AW B R/ NI TR, A —
FIMEAELS . mIES (b) AIUL: & LBIIFE R
) /NBIE A ) i 55 S AR W i R AT IR Y R R 0.86,
rRMSE 4 34.48%, BARFERNGEAHILES (a) BE
i, 5 EIRLE 1 146, HES (¢)
ALOL . BT LBUTFR SRR /NBE A i 5 5 A= )
AT A A RS 0.86, tRMSE 4 36.72%, # Lt

HABPA MG R, W R, E2Hh TESFE
WM I B8 R b MR i, HL 32 AR AR Z 8 R ST
SR S AR I i B NS AR D& o ey I S RS <
—E M 2ES, TR 52 B XA () 2 18 ¢
B XGIEBK, MEEEmAYENITESER. ki
K5 (d) nrhl. JF LB AREUR /NI A Y B
S A=Yy AT RH B R A 0.86, rRMSE A 40.23%,
FLIRIZEARRXT 12 1277 TR IR, EEhT
KAINK B AT AR B30, 20 WR BT ACKE LA SZ £
A A YRR . IS (e) ATUL: Y
FIFH 34 M7 08 i A3 BEA BRI IR R A 7 A=
TR, 5 S0 ECHE X L IR 22 88/, TRMSE A
34.81%, it BHFEAS & (1) 358 fin A1 43 A 3 BB 0 9 K 7
—ERRE E SR EY R ERE . MBS ()
ALUL YA 3 AR I REAS SR 5 RIRZ AR 1)
F AT A S R XA TR AT RS E R, A5 3] T e AR
JE (R=0.87, rRMSE=34.20%), H.[AH%k L%
POAS AR U B 20T 1 2 12k, WAORUL, MRS
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TR AR ZEA K, (HH TR o (Y R A
FARHYECE: | SR RANAR B B 3G 0 X T A P R
T Ve AR B i P T A —E PR HT . it 7
S PRAEAT B AN R B AR B R AR, N %2R
BH RIS TAR B AR BERR R, ARICA & A
EAEEASRL R, A A R AR S 3R B AR A
ARG YA e AR R T B i K B bR B /N DR A W)
RZEFEUN, BEUIRET LBLAY AR Py i BB LA ] X
SR PR AR )RS o ) AT — % B30 I
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Fig. 6 Regression results between biomass calculated using LMR method and subcompartment data
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LiDAR biomass index—based method for aboveground biomass calculation
of larch subcompartments

DU Liming, PANG Yong

1. Institute of Forest Resource Information Techniques, Chinese Academy of Forestry, Beijing 100091, China;
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Beijing 100091, China

Abstract: The LiDAR Biomass Index (LBI) can calculate the aboveground biomass (AGB) of individual trees on the basis of airborne
LiDAR data, and it has been verified to have high accuracy for biomass calculation at tree and plot levels. However, its ability to complete
large-scale forest biomass mapping has not been fully explored. The aim of this research is to verify the accuracy of LBI for AGB estimation
on a subcompartment scale, taking the widely planted Larix olgensis tree species in north China as an example and laying a theoretical
foundation for the widespread application of this index.

First, the existing tree species classification results based on hyperspectral data were used to select the point clouds of L. olgensis
species in Mengjiagang Forest Farm. Second, the NSC algorithm was employed to complete the individual tree segmentation of the selected
point clouds. Third, the LBI was used to calculate the forest biomass of each individual tree. Finally, with reference to the AGB_LBI
biomass model of L. olgensis species constructed on the basis of 35 individual sample trees, the biomass of each individual tree was
calculated, and the biomass of each subcompartment was obtained through accumulating the biomass of individual trees within the
subcompartment. In this research, the calculation accuracy was verified through the silviculture survey data obtained from the local forestry
department, including over 70000 individual trees. Meanwhile, the universality of LBI in estimating the biomass of the same tree species
across different regions at the subcompartment level was evaluated on the basis of the existing AGB_LBI models of other forest farms, and
the results were compared with those of the commonly used LIDAR Metric-based Regression (LMR) methods.

The results indicated that LBI can achieve forest biomass estimation at the subcompartment level with high accuracy. When individual
tree samples selected from different regions were used to calibrate the AGB_ LBI model, the obtained biomass values were comparable with
the measured data, with R* ranging from 0.86 to 0.87 and relative root-mean-square error (RMSE) ranging from 34.20% to 40.23%. The
biomass results calculated from each model did not have significant differences. However, the increase in the number of sample trees used for
model calibration still exerted a certain effect on the robustness and accuracy of biomass calculation. Overall, the accuracy of the LBI-based
method was comparable to that of the LMR method, although the sample trees used to calibrate the AGB_LBI model only accounted for 1%
of that used to calibrate the LMR model. Meanwhile, the LBI method exhibited stronger universality among the same tree species in
different forest farms. The AGB_LBI model was used to calculate the biomass of each individual tree in the western region of Mengjiagang
Forest Farm and complete the biomass mapping. The obtained biomass distribution presented a similar trend to the existing biomass map
and was consistent with the forest subcompartment map, achieving high consistency at the scale of 20 mx20 m (R*=0.75, RMSE=1.55t).

The high-precision estimation of biomass by LBI at the subcompartment scale demonstrates its potential for conducting large-scale
estimation of forest AGB. Because of the difficulty in obtaining validation data, this research only verified its accuracy on the species of
L. olgensis and did not conduct experiments on other tree species. Nevertheless, previous studies have shown that this method can
theoretically be applied to other tree species and forest situations, which is worth further exploration. This research provides a theoretical
basis for precise, large-scale, and high-precision forest biomass estimation.

Key words: LiDAR Biomass Index, LBI, airborne LiDAR, individual tree, sub-compartment level, biomass
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