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Fig. 1 The distribution of forest types and AGB field plots in Zhejiang Province and AGB estimation result in the typical study

area of Gutian Mountain

ERhEEH T RERARZ —, RITHEE
Ko TR RIRWAM, & THLA R
ARG B AT SR AR PRI S X . 7 T
BRI [ 58 Bl P i) v R 2 e vy E LD AR AR AR
ZREME S S A AE S s (118°03'E—118°11'E,
29°10'N—29"17'N) J& 7. $hfy 8 i 2 XU A X
PUZE4rB, RN TR, AP 153 °C, AERE
KEZ1963.7 mm, 5H#IiTLAE IR E—E B
I R Sl e d L NN 0 o L R a7 NN = 1
EEORAR L A A R SR T N R IR MRS, AR
PRAE B RV W VLA B AR Bl B 4
B & (T %5, 2001) . FRAROL SR B4 45 Ei
. ARfr . B RKAERMR, DA . SR
FEARZEET R, B R W VT4 ) SR R AR R (A
ThEIHE 55, 2020)

HIARFFEE T 2017 4 10 £ F 1420 X ek
CEVE AL 104 km?) FRICT HLEE LiDAR F & 6%

B, I T ROGIE R R AT T AR Ay
%, FIHBOCA =B R B %R LA
GERMEESE WA T AGBAEE AR (f
ORGSO R°=0.81) , 45 R RBIZIX Y AGB &&=
Jy 1228209.54 t, “F-1J AGB #y 124.78 t/ha (HEZS,
2019), TEULEI 1. ZEAHEZE H, oy R A o
RIBSE X, H AT B @ VA8 A b RO 58 X I
JEFRpHb b A ) A S TR

2.2 HiERALE

221 EBEEHATIREE

ICESat=2 Pk 91 Ky Jiil 191 5 5 Wi g b 25 88° 2
]y b ek FE I, LR 6 SR BE B AR — IO R, W
BT 1) 43 3 ALEATHES 2L TR) M RS £ 3.3 km,
HEEEARL 17 m, WHLEIBEZY 0.7 mo AWFFER A
ICESat—2 119 i b 5 #5 9% &5 B2 7™ & ATLO8 (V004) ,
%7 S BRI BB T 1) 100 m S50 9 5 HUE B



TA 4% . B4 ICESat-2 fl GEDI A2 #8305 1A B 1 A b L A= 4 i 5 1635

)2 B MO R AR SR, Ao B TR
TLAE R L SRR 5 X0 40 A IR 2 () BT /R &
S AREL T 2020 4F A K2 (5—10 1) a5 Hr
LA FEEYE, Sa%IBSEZE. LT
A R BT R AR A R BRI B R RO, R A

0 120

(a) ICESat=2 7L VT4 Al 1L S AR5 IX [ S H7
(a) ICESat-2 segments in Zhejiang Province and the typical

study area of Gutian Mountain

F 1883754257, IR AH AR I T 78 o5 vty FH 1y S 7Y A
FEIX 4454, B 2019 4F 3 H—20214E3 H ¥
B, I i A 2 2 BRI T 2 R S S 3

201 455 -
LR : N
\\Q&gg 47 A
S e
k\\\\\ (O Q &
\\\\\\\\ 3 \k\\\\ .
.\J'/
\ "'"u.{).’ 4
N/ 4
< /4
%
g
£
AN
/8
0 120 :
km

(b) GEDITEHTYLA Aty H 1L S AF 5 X A D B
(b) GEDI footprints in Zhejiang Province and the typical study

area of Gutian Mountain

K2 BEHOETE R EEE ICESat-2 R GEDI LB 58 X 19 400 43 A
Fig. 2 Distributions of ICESat—2 and GEDI in the study area
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Fig. 4 Linear regression relationship of ICESat-2 in the typical study area of Gutian Mountain
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Table 2 Accuracy of Random Forest extrapolation models for AGB estimation in Zhejiang Province

FEARA PR R RMSE/(t/ha)
[ i 0.8336 18.6434
ICESat-2 LARIRN 0.8208 19.1655
TRASHR 0.8028 21.3704
(LN 0.709 27.1018
GEDI Ak 0.6593 29.4337
TRACHR 0.7106 26.1565
fia] i 0.709 25.8757
GEDI(#7£<600 m) FANLRN 0.6708 28.7811
TRACHR 0.7242 24.8768
fia] it 0.7242 24.9015
ICESat-2+GEDI
o FLUREN 0.6773 27.9986
(1 FE<600 m) .
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Fig. 5 Significance ranking of parameters of Random Forest scaling models for AGB estimation in different forest types

in Zhejiang Province
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Fig. 6 Validation of ICESat-2 AGB estimates in Zhejiang
Province based on 40 AGB field plots
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Fig. 7 Linear regression relationship of GEDI in the typical study area of Gutian Mountain
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Table 3 Linear regression model information of GEDI

EeATVEE 2 ik AU 2
WA L [T A 75 5 5 3.846 <0.001
th73 FE T M T 1) 73% FE X T 2 1 B 1.853 <0.001

fhd_normal IR 2R AR 2L 1.376 <0.001
th92 FE T30 (R0 10T B9 929 AR et 2 v 3 -1.196 <0.001
pai A AR AR R -0.811 <0.001
pavd_z T AR 0.607 <0.001
cover R R -0.298 <0.001
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ICESat—2 1% Bl 1 2% AR T 2244 HE 7 A0 B B 5 A X531
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P4 ws, WIEAE] 4%—5%., $T GEDI Y X s ]
J& AGB iU A 5 7 V145 40 /> Hb 1 4 25 R 5 52 0
AGB Z [ LA R ANE 8 IR, BRIERGE
R=0.4113, RMSE=39.2652 t/ha.



i i 45 . A ICESat-2 Al GEDI A 28380 T iA KU 10 AR Mk it _E A= 1y Al 5

1641

250
y=1.1655x — 27.386
R*=0.4113 .
200 RMSE=39.2652
S
§ 150
o
=
&
@ 100 [
O
<
50
0 50 100 150 200
AGBTII{HE/(t/ha)
Fl8 T 404 AGB b H A KR S AW A GEDI AGB
ARG B B0 IE

Fig. 8 Validation of GEDI AGB estimates in Zhejiang
Province based on 40 AGB field plots
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40 AGB field plots



TA 4% . B4 ICESat-2 fl GEDI A2 #8305 1A B 1 A b L A= 4 i 5 1643

30°N

28°N

118°E 120°E 122°F
PRk AV B/ (tha)
T EBAR £90—50  mm50—65 == 65—80 mm 80—95
m 95—110 mm 110—125 mm 125—140 == 140—160 == >160

B 13 2020 4F#VLAE RRpcHl b A2 e o A
Fig. 13 Forest aboveground biomass distribution of the year

2020 in Zhejiang Province

4 ¥ i

4.1 EBHHABERHIEEMRENST

S 0 1R 25 S R O TR Ik N B 1T sk A
[z —, AT RE S S D BRI b B e 6 7
Y ] 5 T S R S 6 (R A DR RS, AT s AR
DU 55 i LS O 2 R R 22, 2 AR AR AGB
B ERRYE . B, 7T 7 M P 7 152 25 3 Bl Y
PR &AM R SE, LSBT AR AR AGB I SE (Y
M, FICAGBANE A e, B 4F£W, b
B I E L1 25 G K, T ICESat-2 4k
P ] VA A FRORS B A T 2 5, ICESat-2 457 RST Ry
27x100 m B [0 =045 B2 fe v, [R] 422 3R WO 76 ot H L it
RIS X, ICESat—2 f i B % {7 1% 25 0 BE $% 3t
6.5m, CAMIERY, —BIFH T ICESat-2 £ 4
AR E N TR ZEAE 6.5 m AN (Queinnecds, 2021),
EARMI A 30, (B IEA E | R AU B
ARG IFFE X, b HR S (R B A A TR]
Neuenschwander F1 Magruder (2019) 7£ 75 % AYAHL B
X A5 T ICESat—2 ATLO8 2% 7 (1) 1 BE 22 {7 4% &
DAPLERL LiDAR Jy bb 11 BL{H , 38 i 5 /ME LIDAR 5
ICESat—2 %45 4 2 8] 1Y 1 5% 22 8 4 1 7K F Mo B
ENAEE, EBATES m W ; Magruder 55
(2021) 7EHr 28 74 5 B9 70 3 5k 25 3 i ea 46
88° I ITAl T ICESat—2 ATLO8 4% (14 b F 1 £ K5

JE, K INICESat-2 112 % A7 4 B 0 3.5+2.1 m;
Luthcke 2 (2021) 7£ 59.5°N—80°N [y X I 3EAk T
ICESat-2 % b 0 28 7 48 BE , & K 7 #% 5t 78
2.5—44m,

WA E 7w, B GEDIGEE B A2
K, ol L HRLAFSE X AGB 5 GEDI U 22 18] Al £
PEZ A AR BB, (HOGEE B4R R 60 m Al
65 m i}, BIRURE A 22 AR/, Rl U B e Ay
HFUBIFFE X GEDI B b P2 A3 152 25 45308 17.5—20 mo
AR EY, CEDIZWEAFE 10—20 m F i HL 2
iR, JUHAERRE X, RERATE 20 m A 47,
N Lang 4§ (2022) 7E%:T GEDIEUEAL 3 28k )2
1o B SRS B8 T R A s B i 1R 25, SRR R
BRI R G B VIR 2229 19.7 me Campbell 55
(2021) %8 T 3% FE AN 2R BE 30 AY B ARk _E A=)
i, TEHST SLTFHLEL LiIDAR B9 &K B AGB 5 GEDI
B 2 0] i 56 2B, ST GEDI ALl B [ AN 5
PE, DR T — RGN ] B R 308 /NG A RS B2 11
FEXT S, R RSE A BT 26 B, 3 R G BE 3 n]
DL s A TRORE B, T Y AR AT 60 m B, DR
JEEAS P A T R R, SRR S P
JEH AHEL
42 HIEHZME EENESSENXE

AWETE R, TESEAT P FR R RO TR R B AR
M AGB A 545 58X LL A BTt &30, BRAKAGB 5=
FEAEAE A B A IE AR O o X V148 ZR K AGB e fli Ak
FAT W BEVL AR S B B AT HE Y, R
I3 FRARIS TR AT v e B X AGB A B3 Y BT ik
YHEAE S 400, 4390 5 9.8% (R mE#K) . 9.15%
(EFrbdk) #19.99% (IRZEHM) . CHREMN, &
FEVE Ry 20858 R 7 19 0 X AR AR AGB 1Al 38 A K
o, [HFEE A —: Rosenfield fllSouza (2014) F
£ 7 BV R B AR AR B W AR R R, R
AR EENE WA E, H5AGBZMF7EIEH
KRR, BB AGBAEMLR50.7% . Duduman 5
(2021) B8 T % D e WALH R AR AR A A4 9
EANFMIE M Z B MR, kI AGB K & AR
b, 14 801—900 m [°F-¥J AGB ffm (293 t/ha),
M 76 ¥ $5 1500 m LA L /% 3 7 )R [ 21 79 tha.
Alrutz 55 (2021) 76538 P4 AR 4EF7 ve B 307 19 1L HU BT
T500m, 1500 m. 2500 m 13500 m %5 4 PGk S
JELEBREACBRLR, F5REBVACB 5K I



1644 National Remote Sensing Bulletin i & 54k 2024, 28(6)

FHSE, 2500 m 13500 m Ab i) FRAKEA T 5 B4R
Y&, H7E 2500 m &b AGB (% {8 it K . Shen %5
(2018) K HHFET Landsat B BEALAR AR X5 T4
3 AN ML T 25 PR AS TR) 1 X3l 0t A7 A bRl L A 9 A
B, IR T HUE S XE AGB A A YRR, K R
AGBH SR IEMELXR,

XiF H 437 356 T R b L 3RO T IR SIS 1Y AGB
AL R — L KB, T GEDIMMG B S5
TR LM K R ALRME T ICESai-2, —#F
FEFHR 600 m b2 25, PEIFST DL 600 m 2k B{H
AL FI ] 600 m LA R 19 GEDI % B # 47 AGB #hfE 4
B, KRR THE, IS5 R8 MR A2 OE
TR A Al A R AMEB R R . SR, 600 m 3
TR JRAE R ;A (R B, XE DA I HEAT LB
B R, LBl o X R SR ARk, R
X AGB AR S (5% it 25 Bl 2 0AE o A R SIS
RN [R] % BB FRARBI S X R AR AR I
YR SRR RS, HEET ICESat-2
H GEDI 1Y) AGB i 55 45 S B i 72 77 A 22 S o 5
— R B S, JEX Sk m AR E I T AL,
BT HAEAS R 5% DX 1) 5 [

43 AEFEHFHRE EEYVE—FHEITH

WA RO IR 5 A R DUAE BE W (i BE
B R ARG IR S E A AR, X2 i
] 5 FE M4 FETT R A v A ) 25 R R, &
2019 4FNIK, VLA ARkt i A28 659.35 77 ha, &4
FEAK AGB BiE H 56691.59 J5 t, %Ak X I8 1 1
AGB 241 85.98 t/ha, AHIFFYH i 4 Mo Bl 54 14 43
HKgE R AR 611.5 7 ha, fll 4 ICESat-2
M GEDL G [ Fbitth_ I A4 s Al S 25 SR e B, WL
B 2020 4E AR AGB B M 53118.26 J7t, “FIIFRHK
M A=W iR 86.86 thha, H T AHIF 5T AY AR 1l B
AALFE AR B AR S MR 3 A2 A, 17T AR AR
BE VR A PO M TR AR T REARAR L AT AR AR
NI BT A RS A, SO 5 Y AR MR TR AR Rt |
A=Wy AR T AR A A R, T Y
FRARHE A= 1y 1 0 0 BT ARG i — Bk

55 (2016) FF Landsat F12E AR 2 51
P Al S T VA B T (29°35'N—30°15'N,
119°8'E—120"10'E) Fx#fH L4495 (74.86 t/ha)
PEATXTE, R BAS I 5 A6 AH [R) X3k 9 #R AR AGB °F
BIEH 79.86 tha, fhF45RE N —3K, [FBHEE

AR AR A, SECE EAEY A

J38k . ARBIEFEARAT I U VLA AR AR L A
(123 6] 73 A a5 Fu 2 (2015) 4 Egeit=A0r
V55 B S AR U AR IR T T4 T A o A 1
FAAT i AR AR W (R 32 24 P 7 9 Y R
DX, 171 P S AR e S 7 v e DX A AR A

5 45 &

A5 At 1L R 5 XA T ICESat-2
Z5t F GEDI G BE RUJE 1) £ pkctth b A i A1l 3045
R, FREs B Am B s S5 I B, A AR A
AR DEHE R FESME R BT RE, SE8L T 2020 4F
WA FRpRHh AR Al 5 s i, &
TIFZHR T P OB A ] L 2O B T8 A AR X R
FEARMML A RAE B R, AR R
ICESat—2 £ X I R B2 Fr pk b b A= 9y £ B30 vp (1) 38
FHE R, XS0 UE A B o R*=0.5815, RMSE=
31.2525 t/ha, 1 GEDI A3 A Br Rk, X Ik g5
HEKS BE R R*=0.4113, RMSE=39.2652 t/ha. 454
A5 PR 28 43 BT I e L O T R BN SR B R
)3 PR SRR, & BRAR AR b 2B P i A 5 Y
EREEAA L, K600 m L GEDI K FLAM:,
FETE AGB I MIRAG I, il ICESat—2 A4 600 m
PLUN A9 GEDLEHE & W 148 ARph b A= Al 3R
BE AN TR RS () SR LT v, T LA R AGB
fHE R IIERSE  (R*=0.678, RMSE=27.3592 t/ha) .
I AL H . ML S A AR R, DAL
4 R )T JRE AR Ml A iy i ) XS8R A S 9
o S 5 4% 255 (1) 6 T i i R A RO LA R At 38 SR
P VR AR B 45 R B By — 3k, mIoh AL
JEREAE R R ZR Akt b A= W A W0 L R 2R bR
[ BE S VAL S A AR S 5 N RE

2 % 3k (References)

Alrutz M, Gémez-Diaz J A, Schneidewind U, Kromer T and Kreft H.
2021. Forest structural parameters and aboveground biomass in
old-growth and secondary forests along an elevational gradient in
Mexico. Botanical Sciences, 100(1): 67-85 [DOI: 10.17129/botsci.
2855]

Campbell M J, Dennison P E, Kerr K L, Brewer S C and Anderegg W
R L. 2021. Scaled biomass estimation in woodland ecosystems:
testing the individual and combined capacities of satellite multi-

spectral and lidar data. Remote Sensing of Environment, 262:



i i 45 . A ICESat-2 Al GEDI A 28380 T iA KU 10 AR Mk it _E A= 1y Al 5 1645

112511[DOI: 10.1016/j.rse.2021.112511]

Chen Z J and Pu X A. 2016. Comparison of multiple linear regression
analysis and stepwise regression analysis. Journal of Mudanjiang
College of Education, (5): 131-133 (Bf£1EYT, PG4 . 2016. £7C
LR a1 3 A7 538 20 1R A (9 FUACIE ST . AP 2E 2 B o
%, (5): 131-133 [DOI: 10.3969/j.issn.1009-2323.2016.05.063]

Dorado-Roda I, Pascual A, Godinho S, Silva C A, Botequim B, Ro-
driguez-Gonzalvez P, Gonzalez-Ferreiro E and Guerra-Hernandez
J. 2021. Assessing the accuracy of GEDI data for canopy height
and aboveground biomass estimates in Mediterranean forests.
Remote Sensing, 13(12): 2279 [DOI: 10.3390/rs13122279]

DuZL, SuT, GeJ M and Wang X. 2021. Towards the carbon neutrali-
ty: the role of carbon sink and its spatial spillover effects. Eco-
nomic Research Journal, 56(12): 187-202 (L2 H|, 7, E51E4K,
T/E. 2021 BRI 5 R A RRARERIC A A 18] 00, . 2835F
WF5E, 56(12): 187-202)

Dubayah R, Blair J B, Goetz S, Fatoyinbo L, Hansen M, Healey S,
Hofton M, Hurtt G, Kellner J, Luthcke S, Armston J, Tang H,
Duncanson L, Hancock S, Jantz P, Marselis S, Patterson P L, Qi
W L and Silva C. 2020. The global ecosystem dynamics investiga-
tion: high-resolution laser ranging of the Earth's forests and topog-
raphy. Science of Remote Sensing, 1: 100002 [DOI: 10.1016/j.srs.
2020.100002]

Duduman G, Barnoaiea I, Avacaritei D, Barbu C O, Cosofret V C,
Danila I C, Duduman M L, Maiciucd A and Dragoi M. 2021.
Aboveground biomass of living trees depends on topographic con-
ditions and tree diversity in temperate Montane forests from the
Slatioara-Rarau Area (Romania). Forests, 12(11): 1507 [DOI: 10.
3390/f12111507]

Editorial Committee of the Land Cover Atlas of the People's Republic
of China. 2017. Land Cover Atlas of the People’ s Republic of
China (1: 1,000,000). Beijing: China Map Publishing House ({
AN RSN - MR B AR ) S i = 5 22 . 2017, A A RE
0] - b P 4 R 4.(1:1000000). Fb5t: v g T R )

Fang K N, Wu J B, Zhu J P and Xie B C. 2011. A review of technolo-
gies on Random Forests. Statistics and Information Forum, 26(3):
32-38 (7 [E 1, UL, RV, WIHFE . 2011, BEHLARM O E: 0
FER . it 515 B85, 26(3): 32-38) [DOI: 10.3969/j.issn.
1007-3116.2011.03.006]

Fu T and Huang Q F. 2010. Development of forest biomass estima-
tions using airborne laser scanner data. Forest Investigation De-
sign, (4): 86-89 (it THPKF: . 2010. H FHLERBOGTE K EE Y
FRMA D A AT S E . MRlk 32 B3, (4): 86-89)

FuWIJ,FuZJ,GeHL,JiBY,lJiangPK,Li Y F, WulJ S and Zhao K
L. 2015. Spatial variation of biomass carbon density in a subtropi-
cal region of southeastern China. Forests, 6(6): 1966-1981 [DOI:
10.3390/f6061966]

Huang J P. 2021. Study on canopy height estimation based on ICESat-
2/ATLAS photon counting LiDAR data. Harbin: Northeast Forest-
ry University (B{/EM8 . 2021. T ICESat-2/ATLAS ¢ T4 Li-
DAR H45 52 38 2 bl J22 o BE W50 . 0 RS AR B ARk K 2%)

[DOTI: 10.27009/d.cnki.gdblu.2021.000073]

Lang N, Kalischek N, Armston J, Schindler K, Dubayah R and Wegner
J D. 2022. Global canopy height regression and uncertainty esti-
mation from GEDI LiDAR waveforms with deep ensembles. Re-
mote Sensing of Environment, 268: 112760 [DOI: 10.1016/j.rse.
2021.112760]

LiM,LuYY,LuTEF, XuH and Ou G L. 2022. Forest aboveground
biomass estimation and saturation point analysis using optical re-
mote sensing in Nujiang River Basin of Yunnan Province. Journal
of Southwest Forestry University, 42(3): 116-127 (24, i E ¥,
PR AT, BIOGE . 2022, 2 VLA A T A ot
2 AN I AN 95 0BT . PG R ROl K224k, 42(3): 116-127)
[DOI: 10.11929/j.swfu.202102014]

Li W, Niu Z, Wang C, Gao S, Feng Q and Chen H Y. 2015. Forest
above-ground biomass estimation at plot and tree levels using air-
borne LiDAR data. Journal of Remote Sensing (in Chinese), 19
(4): 669-679 (ZEHE, - #r, TH, 50, 135, PRIIFE . 2015. HLaR
LiDAR By (il S AE Hb A1 B A RUBE Dbkt b A=k FB IR 4R,
19(4): 669-679) [DOI: 10.11834/jrs.20154116]

Liu Q, Yang L, Liu Q H and Li J. 2015. Review of forest above ground
biomass inversion methods based on remote sensing technology.
Journal of Remote Sensing (in Chinese), 19(1): 62-74 (X ¥4, #%
IR, BIEROK, 2. 2015, Fbkib b A W B R O SRR . T
AR, 19(1): 62-74) [DOT: 10.11834/jrs.20154108]

Luthcke S B, Thomas T C, Pennington T A, Rebold T W, Nicholas J B,
Rowlands D D, Gardner A S and Bae S. 2021. ICESat-2 pointing
calibration and geolocation performance. Earth and Space Sci-
ence, 8(3): €2020EA001494 [DOI: 10.1029/2020EA001494]

Magruder L, Brunt K, Neumann T, Klotz B and Alonzo M. 2021. Pas-
sive ground-based optical techniques for monitoring the on-orbit
ICESat-2 altimeter geolocation and footprint diameter. Earth and
Space Science, 8(10): e2020EA001414 [DOI: 10.1029/2020EA
001414]

Markus T, Neumann T, Martino A, Abdalati W, Brunt K, Csatho B,
Farrell S, Fricker H, Gardner A, Harding D, Jasinski M, Kwok R,
Magruder L, Lubin D, Luthcke S, Morison J, Nelson R, Neuen-
schwander A, Palm S, Popescu S, Shum C K, Schutz B E, Smith
B, Yang Y K and Zwally J. 2017. The Ice, Cloud, and Land Eleva-
tion Satellite-2 (ICESat-2): science requirements, concept, and im-
plementation. Remote Sensing of Environment, 190: 260-273
[DOL: 10.1016/j.rse.2016.12.029]

Nandy S, Srinet R and Padalia H. 2021. Mapping forest height and
aboveground biomass by integrating ICESat-2, Sentinel-1 and
Sentinel-2 data using random forest algorithm in northwest hima-
layan foothills of India. Geophysical Research Letters, 48(14):
€2021GL093799 [DOI: 10.1029/2021GL093799]

Narine L L, Popescu S C and Malambo L. 2020. Using ICESat-2 to es-
timate and map forest aboveground biomass: a first example. Re-
mote Sensing, 12(11): 1824 [DOI: 10.3390/rs12111824]

Neuenschwander A L and Magruder L A. 2019. Canopy and terrain

height retrievals with ICESat-2: a first look. Remote Sensing,



1646 National Remote Sensing Bulletin i &

2 2024, 28(6)

11(14): 1721 [DOI: 10.3390/rs11141721]

Neumann T A, Martino A J, Markus T, Bae S, Bock M R, Brenner A C,
Brunt K M, Cavanaugh J, Fernandes S T, Hancock D W, Harbeck
K, Lee J, Kurtz N T, Luers P J, Luthcke S B, Magruder L, Pen-
nington T A, Ramos-Izquierdo L, Rebold T, Skoog J and Thomas
T C. 2019. The Ice, Cloud, and Land Elevation Satellite-2 mis-
sion: a global geolocated photon product derived from the Ad-
vanced Topographic Laser Altimeter System. Remote Sensing of
Environment, 233: 111325 [DOI: 10.1016/j.rse.2019.111325]

Pang Y, Li Z 'Y, Chen B W and Liang X J. 2019. Status and develop-
ment of spaceborne Lidar applications in forestry. Aerospace
Shanghai, 36(3): 20-27 (JE 55, ZERE T, R4S, 284S, 2019. A4
HOE TR IS BRI R Rt e B R, 36(3): 20-27)
[DOI: 10.19328/j.cnki.1006-1630.2019.03.003]

Pang Y, Meng S L and Li Z Y. 2017. Temperate Forest aboveground
biomass estimation using Fourier-based textural ordination (FO-
TO) indices from high resolution aerial optical image. Scientia
Silvae Sinicae, 53(3): 94-104 (JEJ], S Rrkk, 45347 2017. HLE%
174 73 R S AR 1A A SR LK A YR A AR AR b A=
Mok B2, 53(3): 94-104) [DOI: 10.11707/5.1001-7488.20170311]

Qi W L, Saarela S, Armston J, Stdhl G and Dubayah R. 2019. Forest
biomass estimation over three distinct forest types using TanDEM-
X InSAR data and simulated GEDI lidar data. Remote Sensing of
Environment, 232: 111283 [DOI: 10.1016/j.rse.2019.111283]

Qin G W and Tian M H. 2022. The development opportunities and im-
plementation path of forestry carbon sequestration under the tar-
get of carbon peak and carbon neutrality. Administration Reform,
1(1): 45-54 (Z[E B, B 2022, “WH” AR Bl BRICH &
JE AL K S0 AR L AT B B ek #E, 1(1): 45-54) [DOL: 10.
14150/j.cnki.1674-7453.2022.01.008]

Queinnec M, White J C and Coops N C. 2021. Comparing airborne
and spaceborne photon-counting lidar canopy structural estimates
across different boreal forest types. Remote Sensing of Environ-
ment, 262: 112510 [DOI: 10.1016/j.rse.2021.112510]

Rosenfield M F and Souza A F F. 2014. Forest biomass variation in
Southernmost Brazil: the impact of Araucaria trees. Revista de Bi-
ologia Tropical, 62(1): 359-372 [DOI: 10.15517/rbt.v62i1.7923]

Shen A H, Wu C F, Jiang B, Deng J S, Yuan W G, Wang K, He S, Zhu
E Y, Lin Y and Wu C P. 2018. Spatiotemporal variations of
aboveground biomass under different terrain conditions. Forests,
9(12): 778 [DOI: 10.3390/9120778]

Silva C A, Duncanson L, Hancock S, Neuenschwander A, Thomas N,
Hofton M, Fatoyinbo L, Simard M, Marshak C Z, Armston J,
Lutchke S and Dubayah R. 2021. Fusing simulated GEDI, ICE-
Sat-2 and NISAR data for regional aboveground biomass map-
ping. Remote Sensing of Environment, 253: 112234 [DOI: 10.
1016/j.rse.2020.112234]

Wu B F, Zeng Y and Zhao D. 2019. Remote Sensing Methods of Chi-

na’s Ecological Parameters and Changing Patterns. Beijing: Sci-

ence Press (A7, Wi, B H . 2019, 8 AL 48 S 400 B
Ty vk RS SRy . b5 Bl D)

Wu C F. 2016. Regional Biomass Estimation and Application Based on
Remote Sensing. Hangzhou: Zhejiang University (% #8 FL. 2016.
DX AR AR AL Wy B S A 0 5 1 S TN - BT R 7)

Xiong J. 2019. Forest Tree Species Classification and Aboveground
Biomass Estimation Using Airborne LiDAR and Hyperspectral
Data. Beijing: University of Chinese Academy of Sciences (AEZSS .
2019. FETHLEMO G TR 15 R il B A 2R Fh 228 S b
AP RAG TS . ALt TP E Rk B

Yan Y J, Fan S H and Guan F Y. 2018. Research progress in TLS tech-
nology in forest investigation. World Forestry Research, 31(4): 42-
47 CRFA, T RE, BRI . 2018, M IEHOL R A H AR AL AR AR
AP N T HE R . I SO BT ST, 31(4): 42-47) [DOL: 10.
13348/j.cnki.sjlyyj.2018.0055.y]

YiHY, Zeng Y, Zhao Y J, Zheng Z J, Xiong J and Zhao D. 2020. Forest
species diversity mapping based on clustering algorithm. Chinese
Journal of Plant Ecology, 44(6): 598-615 (A V3HE, B R, #X E 4,
WA, BEAS, X B 2020. FIHIR R G AT AW T ZAE
. *E%ft,u%?&, 44(6): 598-615) [DOT: 10.17521/cjpe.2019.0347]

YuM J, Hu Z H, YuJ P, Ding B Y and Fang T. 2001. Forest vegetation
types in Gutianshan Natural Reserve in Zhejiang. Journal of Zheji-
ang University (Agriculture and Life Sciences), 27(4): 375-380
(TR, HIIESE, @, TR, 7% . 2001, #VCd il A 94
PRAP DX AR BT | W7 VLR 2 R Ol 5 A A B 52 W),
27(4): 375-380) [DOI: 10.3321/j.issn:1008-9209.2001.04.007]

Yue CY, Zheng Y C, Xing Y Q, Pang Y, Li S M, Cai L T and He H Y.
2020. Technical and application development study of space-
borne LiDAR in forestry remote sensing. Infrared and Laser Engi-
neering, 49(11): 20200235 (& F& T, K8, THEk, FE 58, 21
W, e, (2T . 2020. R EFOCIRRMOLIL K RIS . 21
HNSIOE TR, 49(11): 20200235) [DOT: 10.3788/IRLA20200235]

Zhang Z P. 1993. Preference of linear regression models and log-linear
regression models: the use of several simple tests. Statistical Re-
search, (1): 57-59 (3K P . 1993, 28 s [m] T 4 80 15 Xof 2 1k [m]
U= A 8 14 ) e —— JL A o7 e A A 36 7 5 Y is . e
(1): 57-59) [DOI: 10.19343/j.cnki.11-1302/¢.1993.01.013]

Zheng Z J. 2017. Forest Aboveground Biomass Estimation Using Li-
DAR and Scaling Model in the Three Gorges Region of China.
Beijing: University of Chinese Academy of Sciences (Institute of
Remote Sensing and Digital Earth, Chinese Academy of Scienc-
es) (KBHAZT . 2017, 2& T HOLE A M SMERIR B9 AR Y
AL AUt Bk B R s (F R 2 e RS AT
BROFTERT))

Zhou G Y, Yin G C, Tang X L, Wen D Z, Liu C P, Kuang Y W and
Wang W T. 2018. Forest Ecosystem Carbon Stocks in China: Bio-
mass Equation. Beijing: (Science Press (J& [Hi%, 76, LA,

TRk, X E S, W SC, EITIR . 2018, o EL B AR S R ek
fittm——A iR Lt BeE i aRAt)



i i 45 . A ICESat-2 Al GEDI A 28380 T iA KU 10 AR Mk it _E A= 1y Al 5 1647

Forest aboveground biomass estimation combining ICESat-2 and
GEDI spaceborne LiDAR data
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Abstract: Forest Aboveground Biomass (AGB) plays an important role in the study of carbon cycle and global change. Spaceborne LiDAR
can provide information about forest vertical structures that is advantageous in AGB estimation, among which ICESat-2 and GEDI are the
latest available spaceborne data. In this study, we investigated the applicability of ICESat-2 and GEDI for forest AGB estimation at regional
scale, and analyzed the effect of data fusion of ICESat-2 and GEDI to find an optimal method to map the spatial distribution of forest AGB
accurately in Zhejiang Province.

First, we built footprint-level forest AGB estimation models by stepwise regression in the typical study area of Gutian Mountain based
on ICEsat-2 and GEDI spaceborne LiDAR data, respectively. Then, combined with MODIS data and ASTER GDEM terrain information,
forest AGB estimation models with spatial continuity at 250m pixel scale for different forest types were constructed by Random Forest
algorithm throughout Zhejiang Province. Estimation results were validated using 40 forest AGB field plots. Finally, by comparing validation
results of AGB estimation based on ICESat-2 or GEDI solely and the combination of the two spaceborne LiDAR data, the optimal method
of forest AGB scaling was selected and the spatial distribution of forest AGB of the year 2020 was mapped in Zhejiang Province.

The accuracy of segment-level forest AGB estimation based on ICESat-2 (R*=0.7057, RMSE=0.3571 In(t/ha)) outmatches footprint-
level forest AGB estimation based on GEDI (R*=0.5186, RMSE=0.2805 In(t/ha)) in the typical study area of Gutian Mountain. Validation
accuracy of forest AGB estimation result based on ICEsat-2 (R*=0.59, RMSE=31.2525 t/ha) is superior to GEDI (R’=0.4113, RMSE=
39.2652 t/ha) in Zhejiang Province. The difference of forest AGB estimation performance between ICESat-2 and GEDI is mainly related to
elevation, validation accuracy based on GEDI is higher when filtering footprints that are acquired in high elevation areas with an elevation
threshold of 600m (R>=0.5387, RMSE=25.4017 t/ha). Combining ICESat-2 and GEDI data (elevation < 600 m) to build scaling model is the
optimal method to estimate forest AGB in Zhejiang Province (R*=0.678, RMSE=27.3592 t/ha).

We have obtained a reliable estimation of forest AGB in Zhejiang Province based on ICESat-2 and GEDI data, which is a significant
practice of regional scale forest AGB estimation. Our study can provide an effective method for forest carbon dynamic and sequestration
potential monitoring using spaceborne LiDAR data.

Key words: remote sensing, forest aboveground biomass, ICESat-2, GEDI, stepwise regression, random forest, scaling extrapolation,
Zhejiang Province
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