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 OE: [EM] HEANEEEE. FRAEOERIB DK G S B AR S I AR Y2 A5
TG, SRR AR A R R B A R . LR DL B A MO R R R B SR BRI I 5 B
JUSERS Pinus kesiya FEHUCNTRFNT G, 23 BIERELINBOLF L = FREOEFER S = 2 R — 53R, Jfx
B2 R R A AT . SR 4 K0 FERT B ANLBO TR R s AT AR, FRROGE A MR A o E
PRSI R AT AR E . BlJE, MWK BHRI 4 ANEERRIE. 40 MR R, 10 NMEEARREA 17 A
PRRAHIE, it 71 MR i Boruta FE S BRI AL 5 5 M FR P BEA T RE 0%, e 200k HUOQ B AR A
FET BN B SRR E A A RS, A [ HO R A BORS BE AT X b i e T RY D BANL. F
ARG & o8 S EUE AR B LA A EIREE (F) 439108 090, 0.95. 0.97. 2) BT AN FRMBS b= HdE
PREH) AR R = B E BB (R 235009 093, 0.94. 0.94, ¥R ZE (RMSE) 43514 1.43. 1.74. 1.68 m.
fib 2 = BRSO AR G RS . R*=0.95, RMSE ¥ 2.13 cm. 3) 3 A& &K 71 MEEZ Boruta 5%
SEEHLARARIG R, AEREERI M IR B 8 ML AR R, AT RARAEMEER. 4 T AN S SEIREN R
AHE FAEVR AR EE N : R*=0.83, RMSE 4 85.69 kg/ ¥k, rRMSE 4 44.53%; TR i =58 1 oA b A4
fhREREA: R*=0.87, RMSE A 72.02 kg/ £k, tRMSE N 36.34%; Rl & s 2 Hdis 5 B A Hh L A= 40 i ik D RS 35 A«
R’=0.86, RMSE 4 70.65 kg/ #k, rRMSE 4 36.72%. (45161 S5 BEALARR 7 16 B 1) B AR 4 s S 280 AN ] 4
PRI ZE I RAF A FSCR, o fls T AL RO B 1 a5 2 B 1 TS B2 R 1 5 T R ISR AL
kIR BANFOET L, FREOCER: mofs: RS HE RAGWSE: AR LAY E
hESHS. 7585 XHRFRERD: A XEH/HRS: 1673-923X(2026)07-0033-14

Estimation of aboveground biomass of individual Pinus kesiya trees based
on fused UAV and handheld LiDAR data
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Abstract: [Objective] To investigate the applicability of unmanned aerial vehicle (UAV) LiDAR, handheld LiDAR, and their fused
point cloud data for individual tree parameter extraction and aboveground biomass estimation, and to improve the accuracy of single-tree
scale modeling in complex forest stands. [Method] The study was conducted in five plots of Pinus kesiya at the Puwen experimental
forest of the Yunnan Academy of Forestry and Grassland. UAV LiDAR point cloud data and handheld LiDAR point cloud data were
collected separately as two independent data sources, followed by data fusion of the two datasets. The watershed algorithm was applied
to segment individual trees from the UAV LiDAR point cloud, whereas a distance-based clustering algorithm was used for the handheld
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and fused point clouds. Then, a total of 71 variables were extracted from individual tree point clouds, including 4 structural features,

40 height-related variables, 10 density variables, and 17 voxel-based features. The Boruta algorithm and random forest feature importance

ranking were used for variable selection, and key variables were then used to build random forest models for AGB estimation. The

modeling accuracy of different data sources was compared. [Result] 1) The overall segmentation F-scores for UAV, handheld, and fused
point cloud data were 0.90, 0.95 and 0.97, respectively; 2) The R’ values of tree height estimation from UAV, handheld, and fused data
were 0.93, 0.94 and 0.94, respectively, with RMSEs of 1.43 m, 1.74 m, and 1.68 m. The fused data achieved a DBH estimation accuracy
of R*=0.95 and RMSE is 2.13 c¢m; 3) For the three types of point cloud data, 71 variables were extracted and independently selected

using the Boruta algorithm and Random forest. For each dataset, eight key variables were identified separately and used for single-tree

aboveground biomass modeling; 4) The estimation accuracy of individual tree above-ground biomass based on UAV point cloud data
was R*=0.83, RMSE is 85.69 kg/plant and rRMSE is 44.53%; based on handheld point cloud data, R*=0.87, RMSE is 72.02 kg/plant and
rRMSE is 36.34%; and based on fused point cloud data, R°=0.86, RMSE is 70.65 kg/plant and rRMSE is 36.72%. [ Conclusion] The
individual tree biomass model constructed based on the random forest method demonstrated good predictive performance across different

data sources, with the fused point cloud data from UAV and handheld LiDAR showing superior accuracy and stability.

Keywords: UAV LiDAR; handheld LiDAR; point cloud fusion; individual tree segmentation; individual tree structural parameters;

individual tree aboveground biomass
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Wit — 2k g, WOt ik (Light detection and
ranging, LiDAR) ¢ K T 5 A #Rolk 95 U5 i &
MR T B, HlE N =R B0 A s E 8T
DU e Y AR AR ) = 4E 850945 B . T ANLBOLE B
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FRIRG JEE o
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GRAAM, T ANLEOEE S AR R 2
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AR SRR Wik, Z°F&GRE ] scalt
HE AN, FETHARRGE R e SRS . E
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R FHR ARG BE . Horr, MBI BOE 5 I8 B H & o
PR SR RS, SPLEBEOLERIR. TAML
WG R B EE R IE,  7E4E B0 =y e T 5
fiMRARSHOT AL T HAb-F G A G, R FE o
(& AR e . 2R 0T 25 B 4t F /e 2h i
R IE M ANBOE T IE 2 FASF P & 550,
$& i — Fh 5t T Delaunay = ff W A% AX iz il 5 5
ER) R s B R G 7, @I Rl G SRS S R
R = E s B A TS0l 5 B0 77 ik 7E AR
b 55 5 A b E g SR IO I R R, A
28 0 DI ZR Y T 30 T3 ARl o 3 5 b 28 R YA Pinus
tabulaeformis MRONBFFEXT G, SRA % LR HOL &
IR AT A B HOE T A 2 FhHE 7 R AL
B NEBOT AR GEIE RS M E SR T
AR SH., T ECSE D ER S S 0
AR T MG K B R IR RS B R A
THARSE], F4sE B E Rl KT R AL
KRR, WHRSEREY], RhE o AU
MRS =B, A Pk 58 B R UK 1)
BUE R, SRt S8 B0 A, NG 2RO
B IK RGO S 3R AT T I BR SCH¥. Xl
EBEE YR T HEEOLE B S BB R IATE
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B KRB THTOY 77 TA K AT R IR A R L 44
BEFALE . W IR A A S5 R 7, e fg SR ELE
IR R ARAE S

Zr BT, B ANBOLE M FRROLE IR
#on] LR i th 4 IR R 5 2 8, R EATT# AR A
FEPREE JoAVLBEOE R & ] U BN R
WA T bR A5 S, (HAE 25 S5 I AR AR AR HE SR Y
HRE R FRBOLHE X DUR & SRR =
5B 5, RAER RN A S X 2ER,
WAHELLES:. e R a®BE 7 & aNRH, ft
THEAMM ARG MG R AT LG X AR g
T B VA M S5 it T A SRR SO AR 3 A G X
WP RS Pinus kesiya #EHUAX R, JET AN
F R ARG 2325 5 5 R 43 7K 08 B0 A EE 5 240 )
LT RR R, IR H SRR, RAW
i R URHIE AL 2 2 5 LR K (Random forest,
RF) WAV ERAEE, 5SeilEy &5
MO EE B, IR R A RS OGRS s B A
B ARG T, XA A&k
ff A S0 R iy M 2 A AR SR o

1 #MR5RZE

1.1 HREXER

W 72 X A7 T 2 7 2 75 DR 99 44 Ik ¥ ) vt
WA SR IR AR (22°25'N, 101°06'E) o
SRR SR 11.23 km®, ARATE 55K 97.8%,
WA F 2R &N T AR 2 km’s 37 A B AR 4K
800 m, I HEIR 1 354 m; HuAbIb B 5 Eg L B
PR S, MR E .. XIEEFS
202 °C, &FENEE CHEN HERFES 7D
MFZE (5—10 ), FF¥F/KE 1 673.5 mm,
W v A I 0.7 °C, A iR 38.5 °C, P AH XS
ML 80%; FEM PR N LA, AW
FRFNZE KUK S AR A 975 2 SC SR bR 1
BSHEFMIRIE e, &R Hb A0 A2 AR K K
J9: Plot01 (22°25'04.69"N, 101°05'39.10"E) .
Plot02 (22°25'04.68"N, 101°05'38.40"E) .

Plot03 (22°24'33.50"N, 101°06'15.80"E) .
Plot04 (22°24'32.90"N, 101°06'15.80"E) . Plot05
(22°24'32.90"N, 101°06'15.10"E) , Hff 7L H A

52 /A
1.2 #HEKRIR

12,1 S:INEE

2024 12 H FAIEIF A .. FEHUA SR A
K1 W BERRARAE. AR E e
FEHARAE R ] ¥ BN 20 mX 20 m, FFARHE FE
FERBLEATHIE R IE: RS EENM RS (Global
positioning system, GPS) & i 3k HUAE b PU # f2
FABR RO 1) b B AA AR R SRR AR, AR AR RS —
K FH o3 A8 bR 2 GCS.WGS_ 1984 5 #5524k bk &
WGS_1984 UTM. FJH M4 RIE 1.3 m g5 kb
BHAR, FABOCN AN ER S, R IR &
FEARRIFIE B FEHUE BN 1.
122 BOtHBER

KHAFHFREG TN 2 A G 7 R AT |
PUEBOG B IA K, Hid K 4 I 1) 15 1 Hb S 1 Si2
ML, (RIS 24858 0 — 8Pk, FRE0E
51k (Handheld laser scanning, HLS) ## % HJb
T LR A R A R IR LiGrip H120 F4F
Jie e WO AR ACHAT R . &% & B ORI B S
N120 m, FHESER A 32X 10° A /s, MEREE N
1 emo HHE KR, SERTHURIFE L A AT E TR R 42,
PR BE T SE BRI R G505 B, N Ae i KIRE
FEARER TUR . TE ANLIBOE T ik HUiE th KSR 4 46
M300RTK VY jie 3 o AL 248 L1 Bot &k &
GiRA . Z VAR EE O LAS #520, SCfHa
T T AEA S =4GR Bt S
PLUH [E % ). RGB 15 5., LA OB SR AE
H AR I 1) S i o P 45

1.3 HIEAIE

1.3.1 Hdamikb B
AW TR BANLBL L 3 G 5
e IE R m B AT AL . H e 2 TRk

F1 HHER
Table 1 Plot Information

FEHbgmS Plot No.  #&%L Number of trees P 5 Tree height /m Jiii4% DBH /cm NS Understory environment
Plot01 8 17.60 ~ 28.30 25.00 ~ 40.30 T, MR AR
Plot02 10 18.50 ~ 28.60 21.70 ~ 36.50 T4, MR A FH
Plot03 28 9.50 ~ 15.00 11.75 ~ 30.10 WRBON T, MRS
Plot04 31 6.40 ~ 16.30 12.20 ~ 31.40 MORTTHREN,  HO T4 B Ui
Plot05 34 8.80 ~ 15.90 11.00 ~ 38.50 MBI, HLEBEE
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W) IR 06 i = B s o 7 AT R AL B, b TR
WO R = Bds 2 2@ T LiFuser-BP #4347
RS, TE ANHLBOL 1K 2 H0s W) 32 248 R gH
B E A AT AL Ed POS . Sl 5T
DG HE & 50 IR, AR LAS b U %
LiDAR mz #dfs, AF 9 Ja Sk 5 i) B Atk b

BHOLE R R s s — 4ty LAS %54,
Jr RIS . RAGEE AR EME S, K
POHEAT W JEBE . T RFFE AL . AHE TR
F 45 € 7% (Statistical outlier removal, SOR)
X s AT W 2O VEEE T R A A AR
B R = E R — e A, IR 52 I 2%
AT B AR A e 7 IR R . 2% Duan 2 P (5715,
ARG SEFR AT R AR S B0 6. FRifEZE 5 EL
WAL, RIS R R RS R . H T AR
KT AR R &% (Cloth simulation filter,
CSP) ", RFASHEE W F: MK/ 1.0 m,
JrEBIME 0.5 m, F RIEAREL 500, 1% 75 %AENS
AR syt s SR A, AR S s H— 1k
T B BB AL T 5 A O SR A . [N 28 Ak
HEM R H8E T BOAE, MRS w8
PESUERTE . NAREE 20 m X 20 m FEHLL SR IR
KRR AR T8, AW TC 4 & & R i F
KRELR AT, AR M 78 2 ~ 5 m. %4t
A BT 08055 12 ARSI o F g R s, $E At
AR BIREFE
1.3.2 ¥u¥mmc e S b &

FREAMT VBT & S = IR AR,
FERN RTK REEM DY # 5 H0 s =100 e s,
H5FRHOCTEEAT R ARFRAHILES . T B AMT A
WAL L 5 om BIARIEST s, B DAAE FC HE i 48— Jik
X SomEZE. TERBEEIHBEMEEEIES, FIH
Hu T % #1 & (Ground control point, GCP) AZ 5
TP ICHE . GCP 24 A% .0 AR 2 1l 1L
() A5 AR AL 5 2 B R DE AL OC &R, AT 4 i s =
B BIRE R, RJE S S B B R G 3T T LA
133 BHHRI

W 5 B i 5 G 2 FE LAY (Canopy
height model, CHM) HEAT &AL AL, JE i =
WRAE TS T B, AT SR AR v At 4L
T LR R0 B A e BLZS MR AIE, NG R
RV AP AE R S HOCOCRE . A
TN b 3Rk, SRR (1.25 ~ 1.35m)
B S = AT RN G, @ SR R 2 A 5 2 (8]
R 221 J7 A /N B 7 SO 8 BT RO S AR,
MmihE s, HEABEEEREME GAF N

PR 1.3 m 40D #H - REN DY, )
Fi of BT A AR A, 285 A e/
TORJR AL TR, o R s AT A, BN
B TR M P R R R ZE X 45 R RS

1.4 BARHE|

141 JETFIENNLEOETEH B 5 R AR B AR5y ]
BT HRANBOLE L 8 =4 K CHM, %
F 43 /K 08 B4 CHM JEAT SR 43 #. 1H %, 1E
CHM I 4 sy ¥ bl KAB AR 9 db 7 s LIk, 4>
KU ARyl I AR ALK T MAIC 1) vy B TR,
CHM HHME R K EAE N HIE S fE, AT iR H 2
A CEIKEM MBI S AT o S 2
SEPLR L X B H B #, 2K CHM R A%
AN EARES X, A X R 1 AR U
JE, AR R S =8 LIDAR360 # ARk T
Fohomi e, 456 B R —IRF8hnHl.
AT FEAE 53 KU B vh 5] NP R P A 7 3G
5N TR IEME &I 5, 7850 FH R e
ZHRHIE, TRANE B IR, A R 6] =
W ENA . ARG RIS AR T T2 IR
MR EIRIDFFA T HREBIES 2RI E, &
HBTVRARSRGERO TR SR SR
BEXE = R B AR o IR 2 B A TR
Tt o3 e AT RS I, I g N SRR ) A [
ENAEE, SEFEEANERKFITF A, L
F 25 F s Rk S Ak . 11 CURE L Ploto1 i,
JETR Tz SRS I A B A, Hop i R R
NEE B AP EHI R A, ptl ~ pt10 Sl R
(e A o 1 ZH G SRS AT R T o0 R 72,
N J B2 FRLOR &5 1) 2 B ORI A= Wy B Al 42 1 1
CNEIE AR #
142 LT F i fmb & BOE T B R =80l ok
gl
AT TR H ISR S = 8dE, KH
Rz R B A ) B SR (Point cloud segmentation,
PCS) , i3 f = A pE S LR R 40 1, IR A
FAZ B 5y B X 5 BURE Hb A = B0 AT BROR 43
F) U PCS A% O A 34 AE T 0] BB R AR 2
[F) PR B A S SRR A TR R T L ART &I 14 1)
AIALE], RERSER el A B B S ™ EE ) B AR
PRI, A BRI A AR PR AR AN A 18] 1) B SR 0 I 7
T G R et 2 A2 B R B 1A OB S R AR B
KRR G, B—RERA 8w X
FH IR PIMRA, B LIDAR360 #1347 T 8 4
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MR, KA TRE AT H a kR, £
FE T ) SRR s B, TR S BEAE RS

(a) X IEHT Before correction

HERHUh g EmPE, BAREIRAEDIE 2 Fros.

(b) FZIEJS After correction

ptl ~ ptl0 AP AR WO R AU % H S P AT T A
pt1-pt10 indicate the serial number of individual trees corresponding to tree samples; blue circles refer to individual tree seed points automatically extracted by the algorithm.
B 1 Plot0l it BARDEIRIETE

Fig. 1 Schematic of individual tree segmentation correction in plot Plot01

Fri4
L 1
i [ 1 !
ah /FEAES FHER MAss

Al — 7
JUPSRNETLORURL AR RS D 1
| | 1
g !
B 1

B2 BARSEIRE

Fig. 2 Workflow of single-tree segmentation

1.5 BAREYE

1.5.1  BURA: W)= S ds
FRH EAEYIRE (m, AL kg) HOTHEAKYE

SE S (d, HA7: cm) IR Ch, B
m) ", ARLIF:

m=a,d“h® . (D
KA ags ay a, ABERSEL URIFCO S RART,
a,=0.021 058, @,=2.523 98, a,=0.416 34.
152 FURAY) &R UG B s
1.5.2.1 FHEAR SR

TEAHE T8, DL S8 B B b D 1 95 06 &2,
BT FREOCEE. TANBOCEHRELME S
A, AR A IRRE T 111 BRE AR AR, R
AR BIGE R, XA S SRS RRER &,
B EWEEMLE G . BEEE 4o |
EEAARE (10N « RERFME 74, H71
AN AEA B, o, HI ~ H99 K B X 8] A
1~ 99, K E45 a) g 3 B 07 =% 53U 7347 5,
BARRIR N 1. 54 104 ==, 99, 3Lit 15 NS4,
HATHI1 ~ HATH96 FIHUE X (A28 1 ~ 96, fkikik
LA 1. 64 11, =eeeee v 96 F AL, SRAEEBE A S
MES A, LRE 20 M35 S8 DM, D HLO0,
1, ==+, 9, 31014 2% Layer Volume j, jH( 1,
2, -+, 10, 104, FRELEWE 2 FR,
1.5.2.2 FHIEAL &=k

FERS RIS FE Hp,  RRAE 72 £ 7 38 T 530 B G
KITURAB B WD S T8, B RE T
AR RN 5RE, A AR T (hRE
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T35 AT ALA R U AR 54 Boruta 5
V2 M BE AL AR AR EE B R PP T R ARFAE i e, AR O
W5, KRR PR I R A BRI FE RS,
AL R G 5 5L RGN H ey ok
. Boruta HIEAZOHLEIY N TR “ 5 FHRHE”
(shadowMin. shadowMean. shadowMax) , X
e RERHSERNE TRE, DIETA Y
T REEENREME. FHEMRKE) . %
SRR R 0 A B AT R PR R R b, Gl b

PUE HEAE A & e b AP 5 5 45 A5 12 xR AL
B, DL S 2k p PP A B o AR B
P GUIR P A 28 R R 2 AR B AR IR AU R P )
LVEAG o), RN AL EE, RN IEE N AL,
I Pl 9 B R AR AR A B SRV 7 4 X B BEAL
PRMRRFAL 2L ZEE PP 70 B T B il SIHE SR AR
TUBREEVEAG T7 %, A% O Al %% R AL AE 2 PREBE AL O
TR TRINAE R, @i %IncMSE bR K E
FLX AR RE (AR S

x2 S5THENFHELE
Table 2 Feature variables involved in the selection process

AR A B A B A B
Variable type Number of variables Variable encoding Variable description
TreeHeight s
ZENJREE 4 CrownDiameter SeE
Structural features CrownArea b S T A
CrownVolume R e A4 AR
Hmean FIME
Hmedian e E R A A
- Hstd B 2
H;i}{%%iics 40 Hvar TR
H_madmedian Hh AT 026 X R 27 (1 v A 2
HI1 ~ H99 T, S5 A
HAIH! ~ HAIH96 MR, 3520 D
9 %A% i Density metrics 10 DMi WEARE, =0, 1, =, 9
Rs JE TR L
Rh L LE
Vx WRER I X AR
WERHE 17 Vy WY A5
Voxel-derived metrics Vz VALY
V_voxel PAEF A
D voxel R M EAR

Layer Volume j

WARAFZHEIR, =1, 2, -,

10

1.5.2.3  FEHLARMAE AL 2

BEATLARAR A — T T SR SR LR 2 2] 7%,
BA BB LS e S LA = A R &
Bett, &l TERNAEMEMNAES, et
FELMER R, R ERE RN, JFF
SN 22 AL 2 1 1) U, AR TR T A ML
RIS, FRBOGHE R AE S 3 K8, 77
il 4 g B R RUPE BB AL AR AR [B1 B AR, T ot
A LAY & (Above ground biomass, AGB) .
AR AR R R RRET L. BRI S
FEFEVPAG: R EZ 8 & 2 I NilgREE Sl
WA, Al HTEMIIZE 5 58E; K H Boruta 5
EXTHIGE 71 AR AT IR E, HIBRTUREHE,
APV AN EE T, W e S

(B R AE, HEAT IR R 28 1),
1.6 1RBTEMN

1.6.1 RS EDKS BE PR F b

VAN ASHIT T 52 G BRI BN SVERE B2, R
IEHfi% (Precision, P) « A% (Recall, R) FIZE
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Table 3 Evaluation of individual tree segmentation accuracy

HHHUE Data source 771 Method Nip Nep Nin P R F
T WLz UAV point cloud I 7KUE B 93 9 10 0.91 0.90 0.90
F-Kf & Handheld point cloud P ) ) B S A 102 7 2 0.94 0.98 0.95
fil 4 5452 Fused point cloud 8 ) 1) SR S A 104 4 3 0.96 0.97 0.97




40 iR, S RS TE ANV T RO B A B 1 S R SR AR A 7
Plot01 Plot02 Plot03 Plot04 Plot05
(a) EANLFILTEIL S = UAV LIDAR point cloud
. | ‘ . ﬁid
Plot01 Plot02 Plot03 Plot04 Plot05
(b) FHFEOLHEIE 55 Handheld LiDAR point cloud
Plot01 Plot02 Plot03 Plot04 Plot05
(¢) A& 57 Fused point cloud
B3 3MHEaRBARNEER
Fig. 3 Tree segmentation results of three point cloud datasets
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Fig. 6 Feature selection and correlation analysis of UAV LiDAR point cloud variables
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Fig. 7 Feature selection and correlation analysis of handheld point cloud variables



i 46 3

A2 S A s AN e O 43

KPS 7 EERER, AT 2mmEREAEY
oM. MEISc i UIBH KZHEESEYE
BRI H IEA G C R, JUHJE Layer Volume 1.

TreeHeight 5 4P & ARG EER, X 2648 5 nf DL
R T00 A= 40 1 () B BRI o

8
2
3
B 6
8
&
E 2
=
R
Bx o0
Eul
B o
e
4l
1.00
Layer_Volume_l Vx
015 B
Rh DMS5 5
g 0.50 5;:")‘
g Layer_Volume 2 Layer_Volume 2 |- 5
5 o
-0.25
% TreeHeight V_voxel g
’g Layer_Volume_| -0 =
S V_voxel .g
® HAIH56 Biomass 025 S
N HAIHS6 By
b Vx 0.5 e
/s
& N %
DM5 -0.75 E
TreeHeight .
s e o3 - oz o8 5 2 -1.00
Ny . . > | 3 | @ - _gb
7 IR ZE RN E 43 b Percentage increase in MSE a 2 §| g £ E 3
. . . s > 2 ® S
(b) EEMHEF Variable importance ranking Z. o &
g F

8 EhERZTHHE

(¢) MM Correlation analysis

L EFFIEREX M

Fig. 8 Feature selection and correlation analysis of fused point cloud variables

2.4.4  BURAEYEBRDES BE VA

K 9a vy ULS # A, R* A 0.83, RMSE N
85.69 kg/ ¥k, rRMSE A 44.53%. ZEREW, LA
WL TR Ik S = BRI B & R R i, 2
MAREE R Z R, T WAZ AR I 7E 5 2 AR 2y BR B
Rt RFERHATEAAS G ZHE
TR, A DL BRI T 5 56 )2 s .
9b A HLS %!, R4 0.87, RMSE A 72.02 kg/ ¥k,
rRMSE 4 36.34%. HLS & % 7£ Il Z5 £ A1 ik 4
BRI B R, RUTFRHBOCEBE RS
i BB 05 B AT BRI T e 2 S5 45 5, X
KA B AR RERE 1. B 9c kG
M, R*°40.86, RMSE A 70.65 kg/ #, rRMSE
36.72%. @A BEARLIE I SRl BORS B B, DR
RMSE &A1&, UHARG S = e — R E Lt

R R RG EME, A AR R 2 . R,
ULS 5 HLS A=A, BERT7E SR R Sl
WA G KA IR e kG P E A, SRR AR RE R R T4
Mgk Rt SN, Hm v KX IR E K
FRARA B A WU B2 (16 8 S P e 5 R S 4 Y
GAKE, MAERARIEM, H RMSE
RAL. R &, H rRMSE KT ULS #57, i B
Z RS S AR AEAS B ARIA F AT HE BRI HoAME,
Jo Lot &5 ¥ 53 2% J v AR A R A LA S 1 3
RE /1. MR, ULS #RAY R ZE AR B, F 2
ZIHXB A T RSB R, 155
VB FEAR T R e R 2E s HLS BRI AR Il 4
5 2 [ R I 3, (ESS MR IR R IE Ty
MEA—EMmHA. WMEHARE, X 3 BEE
RAEE XL NT 300 kg) B & &S,



44 iKOBR, S RS TE AN RRO TR (1 B SR A B B AR B

7

Ji ERTE T 9% X (B FE AR 205 70 2 AR 45 4 T
HEZFESIRRL: £mAEWEXE (KT
500 kg) , ARAYRZE B R OO I E R, 2
ZRERSMGAY, WEEME . HafE Bk

SEDR R RO, AR R A M X R R I AR E
BORE KRR AD, A R AN B — 1 5 0 B Ak 4
FRAE ISR IG ,  SETH AR TN 55 S M

g’ 900  R=0.83 X o0 9007 R=0.87 oo 2007 R=0.86
g 800 Eess69ke /i ‘ = goo|  EeT202kg /b = g0 ExT065 ke bk
Ex=44.53Y 3 Ex=36.34Y 3 Ex=36.729

E 700 B 53% g 0 B 36.34% g 00 Ee 36.72% )
B o Soot S e S b
5 600} P 'S 600} P S 600 i
2 S ] s o %
._ca> 500 & soof * . £ so00r
£ 400! g 400} g 400}
18 300} £ 300] . £ 300/
ﬁ 2000 . o R 200} ol Roaoop . .«
= o 1 N 4 1 377
@ 100f 2,307 ° Eloo—ﬁ){fw Eloo—?t .

0 B ool B ool

,4’ X i R . . X ) ,
0100 200 300 400 500 600 700 800 900
SE A=) & Measured biomass /kg

,{I . . . R X X X \ ,
0100 200 300 400 500 600 700 800 900
SE A=) & Measured biomass /kg

it L L s L L L L L 1
0 100 200 300 400 500 600 700 800 900
SE A=) & Measured biomass /kg

O HliRE  Oil%E

9 B FEYIETUNESE

Fig. 9 Scatter plots of individual-tree aboveground biomass predictions
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