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Abstract; Sonneratia apetala is an exotic mangrove species introduced from outside Guangxi Zhuagn Autonomous Region.
Quantitative algorithm is used to accurately estimate the aboveground biomass ( AGB) of Sonneratia apetala, which provides
experience and methods for mangrove ecological restoration and marine blue carbon monitoring. This paper takes the

Sonneratia apetalous mangrove of Mawei Sea Nature Reserve in Guangxi as the research object,and takes the field measurd
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aboveground biomass data of Apetalous mangrove and the backscatter data, band data, vegetation index data and texture
index data extracted by Sentinel-1/2 satellite as the data sources. EXtreme Gradient Boosting ( XGBoost) machine learning
algorithm was used to compare the effects of different variable combinations on the model accuracy by analyzing the
importance relationship between each remote sensing variable and the measured AGB of Sonneratia apetala mangrove.
Finally, the AGB of Sonneratia apetala mangrove was retrieved based on the optimal combination of variables. The results
showed that: (1) The measured height of Sonneratia apetala mangrove in the study area ranged from 1.55m to 13.58m,
with an average of 8.37m, and the diameter at breast height( DBH) ranged from 0.7 ¢cm to 41 cm, with an average of 15.62
cm. (2) The fitting effect of the 21 feature variables combination model optimized by XGBoost algorithm was better, and its
model R*=0.7237 and RMSE=21.70Mg/hm” in the testing phase. The AGB of Sonneratia apetala mangrove in the study
area ranged from 19. 14Mg/hm’ to 138.46Mg/hm’, with an average of 51.92Mg/hm’. (3) Cross polarization ( VH)
backscattering coefficient derived from Sentinel-1 data contributed the most to AGB of Sonneratia apetala mangrove. (4)
The high-value areas of the aboveground biomass of Sonneratia apetala mangrove are mainly distributed in the north,
northwest and southwest regions to the west, and the low—value areas are mainly distributed in the east and southeast regions
to the east. The inversion results were consistent with the actual survey results. In conclusion, XGBoost machine learning

algorithm shows good application ability in AGB of Sonneratia apetala mangrove.

Key Words:; XGBoost algorithm ; remote sensing inversion; Sonneratia apetala mangrove ; aboveground biomass; Sentinel-

1/2; Mawei Sea of Beibu Gulf
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Fig.1 Location of mangrove research area in Guangxi Autonomous Region

1.2 Bk S pidk B
1.2.1  EPARRAEEE

TEET MR AL Z F I Je 75 2 000 1A Y ML Z TR AR Ao 223 1] 43 A R 100 06 45 UL, A5 AT BA T 2021 48
1 H18 HAN 19 HAE 7430 R i B BRI S LT RAR DX T i A | 398 43618 ) AT 67 BF ] 4 A TCHRETE SR 7 HCIX
ST R SMRE R A T A . A SO R T 5 X 322 3 HOTC e i 3 2D ARV, pRrh R B A 1 /b v
PR B BCE TR AR AT R/ 10mx 10m, i TIEHEEE R E oA, B sl s+ LK,
PRIt SR FH M A2 00 e A RS 5 B2 1.3 m A0 B T LA 3 ok TR o) BE 4SO 2 4 v, 1 4 3K A R 48
(GPS) FRIBCRAL S AT L A B A bR, HoRBE 96 DT . MR & (H) M42 (DBH) TR PR 4 4 |
Y A AreGIS 10.5 Wit < m il 15 BIBFSEIX N TCIEE S LR 25 8] o A R . B RE 5 T
VR S - A A e R R SR A L A6 A 1 S R K O R k) AR 10 A M X CRETT N
JUN M VLT 5% ISk DN Pl BRIEE ) B0 O S N AR IE GE R MR VR S5 R R AT TR A 3RS
T TR SRAMAS BRI AR B R T SN R AR R A 1 S e T B (3R 1) o Z0REARASUAE AR R T 20 R |
Ay L R, o T EAEERILAE Y AR LD R A ) e S A K O R N R SR LT AR AR A AR X A
SR RIAS SCUARRE XD SN A BN EAEY R Z N, W TASC RS LR R b 2R )
R, A9 EEE S5 T ICE S0 AR Yo7 i OS5, R A .

AGB = 0.034 x (DBH? x H)*"® (1)

K, AGB A EY i (kg) ,DBH A LI RMIE (cm) , H R ICHIEERM H (m) .
1.2.2 /g S it B

M 4% (Sentinel ) FRANEHEIIA 25 (8] 43P0 OGIG BT A7 P20 A0, I B HT SR K e 9 & B
SRR R BF TR 6k b UL TR 20 h8 5%, 345 Sentinel- 1 Sentinel-2  Sentinel-3 Sentinel-4 Sentinel-5
1 Sentinel-5P TR, 54> Sentinel TV #RZS 3o 7 91 T 5 B2 A% I 0t e o015 AN o Y T EE R ) B8l DRI Aot

http ; //www.ecologica.cn



4678 xR 43 %

23 Jay W e H O L R U https ://scihub. copernicus. eu/ dhus/$RHL , 28 SCR A Sentinel- 1B F1 Sentinel- 2A %4 4
KX ELAR MR b A i AT RO AT

®1 ZWEREpEHAGI

Table 1 Biomass model of Sonneratia apetala

RRETR L faz T il 250 Statistical result

Plant parts Model ¢ b B b R s P

W4 Branch W=ax(D*xH)" 0011 0.957 0.848 6.605 0.655 0.753 0.000
W Leaf 0.002 0.905 0.600 4.419 0.459 1.065 0.000
BT Trunk 0.022 0.937 2290 17472 0.930 0.279 0.000
Bz Bark 0.004 0.932 1.335 10.033 0.814 0.479 0.000
Hb 1343 Aboveground part 0.034 0.966 2.005 15.758 0.915 0.319 0.000
i F3#B43 Underground part 0.003 1.119 2.257  20.552 0.948 0.283 0.000
B Total 0.033 1.002 2.633 21475 0.952 0.243 0.000

W. 4 ¥4 Biomass; D: M 5 EL 42 Diameter at breast height; H : i Height; T': KA 4t 3t i Test statistic; R? : Y& 5E %8 B0 Coefficient of
Determinatinn;s2 Sl HEFREIR 2 Standard error; P S E TR I AE Significant value;a b RIS
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Table 2 Introduction to Sentinel- 1B satellite impact parameters

SR Arguments BUH Value ZH Arguments $UH Value
etk 773 Polarization mode VV,VH HiF 7338 Ground distance resolution 5mx20m
G55 Imaging mode w 1% IC K/ Pixel size 10mx 10m
1F 9% Width of cloth 250 km BLARET ] Imaging time 2020- 12-01

VV.: [Al#4k Copolarization ; VH : 38 X4k Cross polarization ; IW ; #5955 Interferometric Wide swath
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Table 3 Basic information on 12 bands of Sentinel-2A

HFE B SYHE /m LHIHR | A B SY I /m 2%k
Features Attribute Spatial resolution References Features Attribute Spatial resolution References
01_Bl1 RN 60 [33] 07_B7 23 3 20 [33]
02_B2 ok 10 08_BS ILLAN(TE) 10

03_B3 g 10 09_B8A WLAMN(AE) 20

04_B4 % 10 10_B9 KFER 60

05_B5 EARI| 20 11_B11 RLIRLLA 1 20

06_B6 £ 2 20 12_B12 Fa L1412 20
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(OSAVI) ") B4 Hl BS 14—k LA 15 4 (NDI45 ) 7 25 (EAE W A8 £ (DVD) % St fabriff 22 5 H Bk 45 4K
(GNDVI) ™) B BB 21 sh i 4 AR AU (IRECT) ™ BLRAE L3 4,
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Table 4 Selected vegetable index characteristics

FRAE HIWHE % A 27 30k
Fextures Vegetation Index Formula References
13_RVI H AT BEHS 2 = [34]
B8 - B4
14_NDVI 5 — LA PR L e [35]
. B8 - B4
. A
15_0SAVI P Ak e R s A Bl e 5 B8 + B4 + 0.016 [36]
16_NDI45 Band4 il Band5 17— fL.22 FTAT LS 5 By - B4 [37]
- B5 + B4
17_DVI ZH R AR AL B8 — B4 [38]
- B7 - B3
e e 2 R
18_GNDVI S0 bR 2 AR 5L ) [35]
19_IRECI ORI R A nz [39]

(3) BRI, SORFHMEAE T H 8 1 RE R SO e ik O Zis I T m a4 dE
BN AT 1 A B S TR Y 90% LA 15 8., 3 i ENVI 5.3 %t Sentinel-2A L4
ﬁﬂfﬁiﬁiﬁj\ﬁﬁ R — o I 38 5 3 F R S i T 98 3 ( Co-occurrence Measures 1) ELE{T4¢
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http ; //www.ecologica.cn



4680 xR 43 %

K5 IREHLBEEYENER

Table 5 Gray co-occurrence matrix texture measuring table

HHE SUPRERE A 2% 3k
Tetures Texture Features Formula References
) N-1 |
20_ME Pyt 2P [40]
N-1
21_VAR Vg 2Pt
22_HOM Il Y Ulip /(1 (1=
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27_COR It S Gy - ) /0,20,
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1.4.2 XGBoost &%
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HEE R ITE T AL G GBDT HAH T —Bir i) T 8UE B, 7 XGBoost X451 2% sREHEAT T — K ) Z8 8 e TT , 5K
ARSI S A (R AR T 7 LSRR SEVAR R S AS T 1 8 I A R 08 A 7 AR A 43 38 B8 I — R e 2% 2] — A
(9 RE, AR — R0 i 0N £ 4UG b —Fe T i 5% 22 | AR AR AR B9 R AR v] B AEAS 388 2SI 2R 58 iAS 3 n
PR, LA RS v 29 B0 G 319 5 b B S I35 RO >0 8, dJe R B A g o8 o7 7 EORE it 45
FNZAEARBIE, HITE AT .

F=o(x,) = ;ﬁm filx) e F (2)

KX F={f(x)=w,,, | (¢:R">T,w,,, eR")HN kRGN KB, T it 745 s, £, X5 — Rl 57
MRZERY ¢ 50 FAE w,q FFEARXT R FAREE, o, FRMTF95 8 g 8L f(v) Fom i —marm
A
1.4.3 FRIFSEFE I

1 T3 2 W RRIE 2 R BOBAE U4, NI B IR B0 S JBORS B, Sk 1 i e A vt 2 | T 20 ik s o R 2
Yyt RO AL RRIE AR i . FRAE SRR BRIl D B A S T T ] 38 2o S0 B AN A DG RN TUAR R 508 | ok fo A
Rt FE IR A A ARSI 29 S A Python Y ERAE BB AR AR | (i FH 28 5 B R AE
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Fig.2 Technical route
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Table 6 A combination of different quantitative features

%5 Scenario (S) 75 FE N Number of Variables
sl Sentinel-2 %R Hg 12 AN BUFAE
S2 Sentinel-2 %38 i1 7 EBE BORHE
S3 Sentinel-2 HHE 5 — F WAy 8 A BCHEHIE
sS4 Sentinel- 1 R 49 2 N5 ] U 2R EURFIE
S5 29 AR A (12 MBCHT ME R B0+ 8 A SUBIRIE+2 A5 BT R £
S6 21 AN A (11 B3 MBI B+ S A SOBRHIE+2 A5 m 8 2 0

1.4.4 FERIPE 55

(1) TRy e A 25

AHIFGE AR ) I B RS 55 8 Python 5 B2 PR 8E 1Y Scikit-learn JEFEAT, HERH 96 NFEAS i v
T5%WIFEA (72 ) VERIIZRER ,25% BIREAS (24 D) ARSI AE . 1 SRR AN [RIBEAY i) RRAE 3 B 0D 4R 18, B
J& R F A% 18 & (GridSearch ) J7 LTS E TR . LB ST PRI XGBoost HLAS 2 > 51k 1

http ; //www.ecologica.cn



4682 xR 43 %

S AT E S 507 5N learning rate = 0.1, gamma = 0.01, colsample _bytree = 0.8, Gamma = 0.1,
Max depth =3, min_child_weight =3, subsample = 0.6, n_estimators = 100, iz J5i K FH R A S EOF 20 R 1A 9 1
HEATRLAL

(2) BERIFHrdabR

N Y VAR A Wy S R M AT T e R R (X 3) (U7 iR 2E RMSE (R 4) % 2 M8
PRI UERB ARG L . R*ATRGE BB, R IT 1, 370 T {0 L S (B 22 ) R AR DG M RO, 005 ORI F
RMSE QIR ) 45 J5 12 22 191 J5 AR, REA sz il F3 0 1 15 50 S 8 =2 18] 1 i 22 155 0, (BN | 7 i 22 B/ | A5
R R

2:=1 (: _5@)2

_yi)z

2«
JZ:I (i _5’\1‘) ’
RMSE = (4)

b,y SRR A A= Wiy, Y SEZIR M Y A W he 7, S 0 B 2L AR AE B, @ D 0 e P s A
B, n MR KR

2 ERE5H5H

(3)

n

2.1 LB RS

T HIT 96 AFETT T JC IR S8 LT PR A Y A0 S R A e T A R R R TN, TR S R R A
1.55—13.58m, JFE{5 E 2 0.7—41em, il S A KOy B THSA B TCMHE SR LLRI Mo, AR i AR T
FEl M 5.46—154.83Mg/hm? , “F-Y9{l Hy 57.7Mg/hm?,

®7 MNERS EMEMEYENERFEITE

Table 7 Basic statistics for field measurement of tree height, DBH and biomass

e R ME R/ ME T fE b2
Arguments Max Min Mean Standard Deviation(SD)
& H/m 13.58 1.55 8.37 2.32

4% DBH/ em 41 0.7 15.62 5.86

4 AGB/ (Mg/hm?) 154.83 5.46 57.7 32.17

22 ABSERIEAN

AT T 3 PSR AR 5 KL A6 5, ARSEAS [RRRIE AR B 20 G 0 TO A SR LT bR, b A Wy i S TR
FEFZIR T XGBoost BRI TELLR McHE I A= 9y 1 S i A PERE . 6 1% S 46 (U0 FH 28 B AR I B Y
it P B 16 25 AN FH SO AN 1) B R0 A Rl AR B 2 5 R0 21 AR RFIE AR B G 40 S i
A Python 9 Scikit-learn i HFAT IR, AN [F) 28 5 2601 S0 p il 4t 2R L3k 8 A 3,

®8 EFTREERIER XGBoost R HE

Table 8 Performance of the XGBoost model with different numbers of features

1# 5% Scenario (S) R? RMSE/ ( Mg/hm?) 1 5% Scenario (S) R? RMSE/ ( Mg/hm?)
S1 0.5456 24.95 S4 0.3039 27.31
S2 0.2019 21.18 S5 0.5802 22.56
S3 0.0886 37.57 S6 0.7237 21.70

RMSE: ¥77#1%2% Root mean square error
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