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Abstract; Above Ground Biomass (AGB) is a key indicator of forest ecosystem carbon storage, energy flow changes and
biodiversity, and is crucial for climate change research and forest resource management. Fujian Province, as the largest
collective forest area in southern China, has abundant forest resources, accurately estimating forest aboveground biomass can
lay the foundation for estimating carbon storage and provide decision-making support for achieving the dual carbon goals.
Fujian Province is located in a cloudy and rainy subtropical zone with complex terrain and forest types, making it difficult to
estimate forest aboveground biomass, estimating forest aboveground biomass using traditional methods is difficult to meet
accuracy requirements. In order to improve the accuracy of aboveground forest biomass, this study integrated and
comprehensively utilized multi-source remote sensing data such as the latest spaceborne lidar data GEDI, Landsat and
Sentinel series satellites. Above all, the GEDI_V27 canopy height product was optimized based on the forest age calculated
from Landsat. Then combined with the optimized MGEDI_V27 canopy height product, by establishing an XGBoost biomass
inversion model that combined traditional remote sensing features with canopy height, we effectively improved model
accuracy , estimated and mapped the aboveground biomass of forests in Fujian Province. The research results showed that .
(1) The GEDI canopy height accuracy evaluation result optimized by forest age was R*=0.67, RMSE=2.24m; (2) The
recursive feature elimination algorithm was used to optimize the features of the three forest types, and 10 remote sensing
features were obtained. Among them, the most important remote sensing features of the three forest types were forest canopy
height, and a comparative evaluation was performed on the features including traditional remote sensing features. The results
showed that when the canopy height factor was included in the feature construction, the accuracy of the forest AGB
regression analysis was significantly improved, confirming that canopy height played a significant role in biomass estimation ;
(3) The studied forest AGB range in Fujian Province was 0.001——363.331Mg/hm’, the overall accuracy evaluation
result was R°=0.75, RMSE=17.34 Mg/hm’, and the total AGB amount in the province in 2020 was 822 million Mg. The
average value was 101.24Mg/hm’ | reflecting the good ecological quality of Fujian Province. By optimizing the forest canopy
height in GEDI and combining it with traditional remote sensing features, the accuracy of forest aboveground biomass
modeling can be significantly improved, and it is possible to accurately estimate and monitor forest biomass in Fujian
Province. The research results are helpful for the high-precision estimation of aboveground biomass in regional forests, and

have certain guiding significance for the assessment of carbon sinks.

Key Words: remote sensing; global ecosystem dynamics investigation ( GEDI) ; canopy height; forest type; extreme

gradient boosting( XGBoost) regression; forest above ground biomass
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Table 1 Optical satellite parameters

e AREIRSE 1D SB[ 2[5 B /m
Sensor Image dataset ID Image time range Spatial resolution
Landsat 8 OLI LNADSAT/LC08/C01/T1_SR 2013-04-11—2020-11-01 30
Landsat 7 ETM+ LNADSAT/LE07/CO1/T1_SR 2000-01-01—2013-01-15 30
Landsat 5 T™M LNADSAT/LT05/C01/T1_SR 1986-01-01—2001-01-01 30
Sentinel-2 COPERNICUS/S2 2020-06-01—2020-09-01 10
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Table 2 Radar satellite parameters
PG M 9 el 7= 23 [ 43 B
Acquisition mode Width Polarization Spatial resolution
%R Stripmap 80km HH+HV HH VH+VV VV 5mx5m
T T iR R Interferometric Wide swath 250km HH+HV HH VH+VV VV 5mx20m
AR Wave 20kmx20km HH/VV S5mX5m
H TR Extra Wide swath 400km HH+HV HH VH+VV VV 20mx40m

HH KPR HY K2 VH 36 BUOKCF VY 3 TR

1.2.2 GEDI %

GEDI TLAEPY [ 2018 4F 12 H & SFLISK, LA B S0 HA 25m B AR SEBER RS, W& 2 fiR, GEDI
XoF Ml U0 75 25 3 B R 51.6°S—51.6°N A a4 o7 T H WE i IX 3R, A SR HI A GEDI_2A G454 7™ i B HoAis
A W52 R FE 7 i GEDI_V27
1.2.3  HiBhEdE

TG A FH %) A B A 48 M B DA S R MR AR s | b i 4 MR B8 23 18] 3 B 30m
) SRTMGL1_003 77 filr . ARV 58T v E R e & 1 42 BR 30m 367 366 41 73257 i ( GLC
_FCS30-2020) " I FIFH 2020 £ 10m 4335 Sentinel TR S4AZ T 5 X 1—2m [ 520 291 TR 18 I8k
P, 45 FE H B AN S M B R | HEA T IRAIE FME IE , SRAS AL HEEF AR | [ AR TR S ARG AR R 2020 4 AR AR
KA (B 3) , e BUNIEEEE L) R AR X S Sttt 18.6 J7 N UAIF AR ARZE NS B | = Fh AR AR S Y 1 - ks s
M 66.58% ,
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Fig.2 Global ecosystem dynamics investigation ( GEDI) orbital parameters
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Fig.3 Distribution of forest types in Fujian Province Fig.4 Sample point distribution
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Fig.5 Flow chart of AGB estimation in Fujian Province
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Fig.6 GEDI_V27 Canopy Height Product Improvement Strategy
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Table 3 Remote sensing feature set

A€/ SRR TR FEfiFECH
Data source Features Feature name Feature number

B1,B2,B3,B4,B5,B6,B7,B8,B8A,B9,B10,B11,B12,
Sentinel-2 SEIEAFE NDVI,EVI,RVI,DVI, LSWI, GNDVI, TVI,SAVI, NDWI, 27

MSAVI,GCVI, Hue, Saturation , Value

BOHARE NIR UEZLAMBEBERY 16 SRR 16
Sentinel- 1 TEIREE VV,VH, VV_stdDev, VH_stdDev, VV F1 VH [ 20 2 EEH1E 24
SRTM P FRHAE Elevation, Slope , Aspect, Hillshade 4
GEDI 5682 1o BE AL MGEDI_V27
Bt 72

B1—BI2 >} Sentinel TLARAEM 13 AR B NDVIL 15— b At 4 48 80 EVI. 8450 A B 18 450 RVI. HCIE A BE 8 40 DVIL 25 (A 5 4L
LSWI. i F M B TE 50 ; GND VI G056 — b 25 (AR 50, TV, = A B3 500, SAVI. 300 15 4 8 15 250, NDWIL: U — 1k 22 40 /K (A 45 55 MSA VI &
AR A HE TR AR 4 GOV 2R R F8 45k
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2.3 K bR
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BRI UERYE . T8 TSI S8 JUE 280 RP 5 MR iIR 2 (Root Mean Squared Error, RMSE) ,
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Fig.7 Spatial distribution map and accuracy verification of forest age in Fujian Province in 2020

http ; //www.ecologica.cn



&t
H

7272 la SRS Eire 44 %

3.2 M-SR R A

N T AR =P AR CEF BRI PRRITTR AR B LR A AR, il RS AR AR/ NI RS | 3L 61414
PRI BESR X SRR BEV A - 2406 )2 1 B RS DL S BRARCR B SR AR 25, AR SOMHZ BRI AT T St
O3, L TSR g3 SRR b A AR AR X R AP 48 R T e B R RSS2k (8T 8)

251
o

)=22.7668 ~ 25.9943 X 0.9309%
R2=0.9 °

IR

Average canopy heigth/m

0 1 1 1 1 I

0 20 40 60 80 100
25 - _ _ X 25 - _ _ x
y=21.3769 - 20.2660 X 0.9525 y=17.1958 = 17.1697 X 0.9546 °
R2=0.93 o © R>*=0.93
g
E|
o0
[}
&2
OS]
[}
2
g
<

0 20 40 60 80 100 0 20 40 60 80 100
A% Forest age/a

E 8 FHEEEEHIEUS ML
Fig.8 Average canopy height data fitting curve

3.3 R4 GEDI W2 & E =ik

R T VAR A ST A ) e 2 R R e O TR A R, R A T AR AR X T GEDI_V27 Al
MGEDI_V27 &8 J2 i B 7= b i i 22 T L e i fe A el 2 = R (B 9) o P E5 SR, GEDI_V27
5ok )2 1 AR T A A A DX ) M IS, SRR AR I — B 3 22, 1T MGEDI_V27 B fin4E rf F 52 5ef 2 55
FER IR, X R FE MGEDI_V27 3k F MR R 512 1 T/ T, 50Nz SEPm 1 AR AR e B, B AR g 48 AR AR
JZ R EERRE AR B S = o BRI B T35t )2 B S GEDL_V27 s B G 45 8 T & M 4 HER R
30m AR AR 2020 45 )2 5 B MGEDI_V27 %3 ) 4345 &
3.4 EEGLBFHEIL LSS

it RFE SRR B IE AR | e ik th 10 A B AR AE (&1 10) F 4 E A 45 AR AR il AR ) ot
TR = Fh I FRMOIE Sk R AE 5 v i T 2 A R 0 el J2 1o, 3R 5 )2 o e S R AR A s A OGP e
R, AN, AR BRI R e R EHE P 5 T A7 A6 25 57, 100 T o et A6 AR i T L PR b o B2 b
7, X AT BB A PR R AN [T 5 10 AR 2 B 558 PR 285 M A R, DTG 5 R A 40 A7 A 28 o B R S

http ; //www.ecologica.cn



16 4] PR 45 25 BB IE S A9 2R AR 25 2R 4T s AT A 2 1o JBE A0 AR bR L A= 4 i A AU 14 7273

—— GEDI_V27 — SW)Z#E v MGEDI_V27

20.0
175
15.0
125
10.0 |
75+
50 B
25+ 1
0 C “ 1 L 1 1 L

0 200 400 600 800 1000

5t J2 5 BE Canopy height/m

I C{EARAR

52 J2 14 E/m

FEASID Sample 1D . w540
[ - 5o

9 HHAEIEH GEDI BEESEMILEY#HEEESESH

Fig.9 Comparison of GEDI canopy height before and after improvement and canopy height distribution after improvement

040
3 ghntAk
035 | 23 [ufik
) ] = RAH
o
g 0.30
3
£ 0257
1: —
2
E 020} 1 -
& 7 T
E'EP 0.15 |
B
W 0.10
0.05
0 1 A ! ! ! 1A { A N fi ! !
o~ ] on 5] 5] =} 5] =N 5] 53 =1 5 <
8 E ¢ £ F 5 2 E & £ & B £ 3
2 g 7 o @ ! > = I = 17 5] 3 !
= 3 © > < & « T o El %
m %] < |
=) = I N > m “ o
% [\ > | N\ NI »n
J4E Feature

B 10 $ERLELER
Fig.10 Feature optimization results
MGEDI_V27 . Ak J5 )56 )22 755 B ; Elevation : (2 ; s2_B8_savg: B8 [ FIF-34 ;52 _hue : 44 ; Aspect: 1] ;s2_B8_corr: B8 [ 4H X ;s2_value: 5%
JZ ;s1_VH_prom: VH {22558 ;s2_B9: B9 I Bt ;s2_B8_shade : B8 [ 5251 ; Slope : Y5 Ji ; s2_saturation : (R FNE ; 2_tvi: = FAHBHT L s2_B8_
sent : B8 A1

3.5 AT R R BRI AGB Al S AR RS B X EL oA

fdiFH XGBoost BRI | AR AGB [RIHRAY | A 1 1 % G 18 SRR 5 45 5 el J2 o 85 40 A 7= il A A
RURGRE G55 NIE 11 PR, Bl RAG G038 AR IE i BT R A [ AR MRS L) R {Eﬁﬁﬂj@ 0.74.0.73 1 0.59,
RMSE {843 514 19.53Mg/hm?* .24.29Mg/hm*H1 16.81Mg/hm? . {H 24 A 2 &5 A5 BUR  BiRURS i i E 48 e
R? {H/3 714 % 0.87.,0.84 F10.71,RMSE {843 HIF% 2 14.07Mg/hm” . 18.71Mg/hm” Fl 14.11Mg/hm? , FAKI 7,

http ; //www.ecologica.cn



7274 4SRN

S 4 15

PRI AE i A o DU A SRR, DR R ZEAR S A A9 DR DX, R LU S 4, (U8 DG 2 R SR A5 M L
5 AGB, T 2O 2 5 B AR BORAR TR RO B, AR i )2 i B 35 4R T 1 REEURG R o X AN [ 2R AR
SRAN HCB S TR AR Y A L A I, T RN DA i A 2% | R SR AR XE LA A B X 23, [ PR RMSE 45
(5 R {EARR B, T RERA R AR BAT BB AGB S BU 5 45 SR I sh B MEA BIREA ] 28 S 0K

Bhutak G Tk

300 R2=0.87 180 R2=0.84

BT AR = 14.07

200 120
100 o
150 80
100 60 , s
40 o

20 oot

160 1 iR = 18.71

120 BTG = 14.11

o

2N

A ° . . 100 [@%
o 80 g 5
40y i

20 &2 T

,i.“‘ O
50 100 150 200 250 300 O 20 40 60 80

300 R2=0.74 180 R2=0.73
TR IR = 19.53

% AGB estimated AGB/(Mg/hm?)
fl

250 140
200 120 o . 80
o 100 oz
150 %0 . )
100 60 .
40 et
307 20 |58 -
0 0 i

160 1 375 k% = 24.29 100

o %
100 120 140160180 0 20 40 60 80 100 120 140

120 R2=0.59
Y5 iR % = 16.81

B R LR RAHAE

0 50 100 150 200 250 300 O 20 40 60 80

100120 140160180 0 20 40 60 80 100 120

2] AGB Observed AGB/(Mg/hm?)

B 11 REGEEESEN XGBoost 7t AGB EAEEEITLL
Fig.11 Comparison of modeling accuracy of XGBoost forest AGB with or without canopy height

3.6 tEEE AR AGB il 25 R

FET TR E R B A AR PR AGB Al AR Y | 1) A
A 2020 A FRAR X IR 2 BRI IR R ICT A Ak R
MR AR = F R RIS RS 138 JBR AR I 4R . R G AN
R ZRARZE T () FR PR AGB S A L 5 3 SRR I 42, TR AT
5T T AR R AR DL SR SE AR ) b A i, B2
il T 2020 AEAREEA 30m 25 18] 20 BER A FRAK AGB 45 ]
A L InE 12 s,

B RS T A R AR AGB A L, AR50
a3 8w, WA R AR AGB 193 [ #E 0. 001—
363.331Mg/hm* Z [i], K 4> £ K AGB fii F 100—
150Mg/hm* Z [1],2020 4F-42%4 AGB il 8.22 14 Mg,
SEHI(EN 101.24Mg/hm® | 3 W AR AR (1 1 - A 9
B, XU R A R B B A S R @, Y
BARAY DB BN T 20 B X FEREH T
N RE ST 305 AR o AL SR SR, A X S
IR AR AGB FAIG, E I AEL BT A9 AR MR AR X 3 1)
Hi AR R OR AR i, X R AR LB A R AR B T
RIAFEIORYT . AR AR AGB RS IRZS [alk% 5 R
AE LA R P R X3k ) b A e R A

577 256k AGB /(Mg/hm?)

0 S0k " <25 W 125—150
m &
e 25—50 M 150—200
! 50—100 [ >200
100—125

12 REE 30m TESBHERK AGB ZHSHE
Fig.12  Spatial distribution map of forest AGB at 30m spatial

resolution in Fujian Province

B BUAR A AR AL B DX BRAR AGB AR B, T P

http ; //www.ecologica.cn



16 1 HIE D 55 25 58 B A9 2R A 3 R e sh A JA A6 2 5 BE O AR MR LA Wy B R AL 7275

3.7 KEEHAN B — 075 REy
SR 18203 ANBEAR 5 9 56 TE 50 8 o DA A 4 BITHRE = 1734 e

Pobk AGB IORNEEZE R IR 13 Fim , Sk ipAb 45 2 o -

IRNRE RELR® R 0.75, B 5 ik i 2% RMSE iy 17.34Mg/

hm? | 3% F AW EAR AGB 45207 T BA %5 i kS

B KRS TR 121 T, R B0 AR XS 3 /N

Weshtk, fERIE AR P 4R 8 AR AR AGB B AE P fE

200Mg/hm’ LA R TR, SR10 , 76 2E W it B AR HE AR X

W
(=3
S

200 -

T FARIRAGB
Estimated forest AGB/(Mg/hm?)

100

B AT 0 SO S R AR — R R S AL L X RE S % 100 200 300
SRR 30m 43 BERA O X S AR AETE — & K ARARAGB

L N Measured forest AGB/(Mg/hm?)
FRIE b4 5, DT 3 B0 A= 9y 5 B AR DX 38 19 Al B3 1
T B 13 EEAHN AGB HERIE

lﬂﬁ ﬂ\ ;FIJ Hﬂ *—:‘lé ZIK% BLL\ F T — ﬁ] 7,)'% Mﬂé I8 E/J s % 5{@ Fig.13 Verification of AGB accuracy of forests in Fujian Province
) EA /g 5 ESFAT =N ESS H

JE VARSI AN 4 R BHEARE) R D 0.8, RMSE

14.43; [EMARAY R* 2 0.81,RMSE Jy 19.26; IRASHKEY R* 24 0.65,RMSE & 18.33,

4 e

i3 Landsat I 5 TR ST E BIMIR AL GEDI_V27 5 2 5 7= i B A S AE R 40 A Z5 bk AGB
(A AR R Il REF S50 4G AR S — P AR AR A e R AE 4 | I v f 1 2 0 AR AE AR et 2 O el 2 5
J& , R XGBoost BEAILE (550 18 JEARAE 7 B LR I AGE)2 5 BE R 1, AU 8 41 5 T B 7R B R AGB £
SR ARPRE FE T LR 42 T 5 T A R ) (A 8 A2 0 3 JERARRAE B PR 98 %) S T K B 1) S 4R T BeAb,
R At B 25 SR 5 S B A EE A 8 o PR JE , S AR A 4RI T — 2 A AT {5 B 5 B S 43 (R AR SUIR SR A7 7
— LB ) BUE AR HE 50 Hr

R4 ZHHEMRKEBERIEER
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