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Estimation of Forest Canopy Height in Different Seasons Based on
GEDI Waveform Data

CAI Longtao' HE Jiasheng' WU Jun' HAN Xuerong® WANG Yu' XING Zekun'
(1. School of Electronic Engineering and Automation ,Guilin University of Electronic Technology, Guilin 541004, China
2. Guangxi Zhuang Autonomous Region Ecological Environment Monitoring Center, Nanning 530012, China
3. Satellite Environment Application Center, Ministry of Ecology and Environment, Beijing 100094, China)

Abstract; Aiming to solve the problem that it is difficult for spaceborne light laser detection and ranging
(LiDAR) global ecosystem dynamics investigation ( GEDI) emitted laser pulses to penetrate the forest
canopy in dense forest areas to accurately obtain understory terrain information, and the overlap between
GEDI stand canopy echo and understory terrain echo will be increased in high-slope terrain, and it is
difficult to estimate forest canopy height with high accuracy, combined with the characteristics of
defoliation in winter broad-leaved forest and the strong penetration advantage of GEDI emitted wave laser
pulse, a model of forest canopy overestimation in different seasons was constructed by using the GEDI
waveform length parameters. The accuracy of forest canopy height estimation in summer and winter was
analyzed by using different percentage waveform length parameters (r, ., ) of GEDI. Subsequently,
terrain slope factor DTM data was introduced to correct the forest canopy height estimation model,
segmenting forest canopy height estimation based on terrain slope, thereby addressing the problem of low
accuracy in forest canopy height estimation caused by the overlap between canopy echoes and terrain
echoes due to steep terrain. The research results showed that the coefficient of determination R* of forest

canopy height estimation accuracy in summer was 0.573, with root mean square error ( RMSE) of

W kR H 397 : 2024 —09 04 & [ul H 4. 2024 - 09 - 26

BEEWE: 7R A A & T (PD230069 ) 2023 AF i+ J5 & T ( C23RSCO0BXO05 ) | 45 WU 4t )™ 75 1 -1 J5 6 7 3¢ 45 11 & & T
(C22RSC90BX07) i K AF BT IR 3l & W1 (UF22019Y ) FH: AR s 7R £ R4 W1 58 £ 807 818 i+ 5 B (2023 YCXS133)

EE B #0p W (1990—) , 55, WA, 32 22 bl 2 B 38 ST 5% , E-mail : 2550582400@ qq. com

BEESE: 2EO973—) B 882 AR, FENFERZ N a5 E 5T, E-mail; 2653272289@ qq. com



326 & ok L

L

2025 4

3.695 m; in winter, the R* was 0. 633, with RMSE of 3. 671 m. After correcting the forest canopy height

estimation model with terrain slope, the overall estimation accuracy in winter, with R* of 0.709 and

RMSE of 3. 271 m, was significantly improved. Accuracy of forest canopy height estimation in winter was

markedly better than in summer, and the introduction of terrain slope factors effectively enhanced the

accuracy of forest canopy height estimation under different terrain slope conditions.

Key words: forest canopy height; season; topographic slope; GEDI
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Fig. 1  Schematic of GEDI laser points distribution

in study area
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L.) &,
1.2 HRHE
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Y2 v VE ARG 2 M 1 BB ), R SE LA B 51 6°N ~
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B SEHIER 1,
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Tab.1 GEDI satellite payload parameters

ZH HE
HUIE =/ km 410
W A 3
B A 8
B 5 0 51.6°S ~51. 6°N
Wi B 7] /a 2
R I %/ He 242
EENEAE/m 25
BUIE ] B/ m 60
SR B/ m 600
i B A R 22/ m 8
K /nm 1064
RPN A B /s 128
IR K w2 S8 BE /ns 15
R BE 4t/ m] 10 (iR P A ) 5 (FF )

KRR B/ ns

1

GEDI TR & e 3 M4 /b soeas gk, H
H2 AN TR EOES v G R E 8 #OT (Beam
dither units, BDU) S22 £} 3l gl 28 30O 2% & 5 19 306
TR K 2 SO R A 4 A BOE SR IR 53 A —
AT RO O R R 2 SRS
Tt BDU St 44 8l i 2 555 2 A6 43 a4 4
WO WA . 3 A OGAR 7E i St =R 8 A M T B
HE(E2),
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Fig.2  Schematic of ground sampling of GEDI lasers
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Tab.2 GEDI product document information

7 SO BHE 7 i 3 HFE/m
LIA JE U I I 25
L1B FE AL B8 B 25
A T = P 2 O B AR R R R 55
(RH) 485
12B 5 J7 78 75 % (CCF) (-1 A48 £ (LAT) 25
L3 [ 4k 2 A8 b 1,000 ( 45 )
L4A Hb A= W 2 T 25
14B RS A o L A 4y B 1.000 ( s 4% )

FI& %) GEDI 55 3 o & S P RE 2 AR 2 % KX
W T 0, 2 T BOH O Tk i e DL 553 ARy e )2
BN {5 S8 K GEDI [n] 38 8 & $ 40 15 M bb g
RAEZ, 43 0 3k T 2021 4F 7 .12 A GEDI 3 i 5
Wl M Sy 2 A ZEE 0B A ) 227 RO )2
e BE AT A5, LA 3 BT 2 19 0 B 2 8 BE A
52, S5 B R PR K 2 00 v g A I
1.2.2 NEON %¥s

NEON J& — /> | HI AL 8 WL il - & ( Airborne
observation platform, AOP) KUK E L EHER R4
AR I R G . HETPIA 81 AU A, 2 %
3 TR « B3R SRR | A Sl SR HOHE UL SR A
Bt o Hrh L 2 ORI T S P B0 I -
(AOP) JE47 B R £ , AOP AL 45 3 ANt 57 1 7 8
JERIBRYGE, Hp 2 4~ Optech Geminis R4, 5 —
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Tab.3 Discrete point cloud airborne LiDAR instrument

parameters
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EEAMALE/ () >36
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FE U TR B A5 e e AR % T o & X% GEDI 58 ik 5[]
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B AR TERSHEIEANEFERRE SR, FEH
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I, 2 Jy e 75 K o degrade = 1 KW (E 5 2
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T £ 7 BB 6 1 B I sensitivit % F
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Tab.4 Filter fields for GEDI L2A product data
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Tab.5 Estimation accuracy of forest canopy with r,

parameters in summer

AR X i R RMSE/m
Th_s1 0.572 3.700
Th_s2 0.573 3. 698
Ths3 0.573 3. 696
Th_sa 0.573 3.695
Th_ss 0.573 3.696
Th_s6 0.573 3. 695
Th 57 0.573 3. 696
Th_ss 0.573 3.697
Th_s9 0.572 3.699
Th_60 0.572 3.702
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Tab.6 Estimation accuracy of forest canopy with r,

parameters in winter

A X i R? RMSE/m
Th_90 0. 604 3.813
Th o1 0.614 3.765
Tho2 0. 621 3.731
Th_93 0. 626 3.705
T o4 0. 631 3. 684
Th_9s 0. 633 3. 674
Th 96 0.633 3.671
Th_o7 0.631 3.682
Th_og 0. 626 3.707
Th_99 0.619 3.744
Th_100 0.616 3.758
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Fig.7 Forest canopy height estimation results before

and after topographic slope correction
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Tab.7 Estimation results of forest canopy height

before topographic slope correction

R/ (°) R? RMSE/m JEBEE
0~5 0.909 1. 637 24
0~10 0.879 2.362 155
0~15 0. 856 2.361 343
0~20 0. 854 2.324 488
0~25 0. 821 2.598 599
0~30 0. 807 2.679 630
=0 0. 633 3.671 682

*8 MEWEREGEHFNEESEHNER
Tab.8 Estimation results of forest canopy height

after topographic slope correction

Welg/(°) R? RMSE/m ot BE
0~5 0.915 1.576 24
0~10 0.879 2.361 155
0~15 0. 857 2.358 343
0~20 0. 855 2.321 488
0~25 0.822 2.593 599
0~30 0. 808 2.672 630
>0 0. 709 3.271 682
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