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Abstract; Vegetation aboveground biomass ( AGB) is an important ecological parameter reflecting the functional status and
health level of wetland ecosystems, which can provide key support for ecosystem stability analysis and carbon sink capacity
assessment. In this paper, we take typical Phragmites australis ( P.australis) wetlands in Binhai as the research object, and
based on the high-resolution multispectral images acquired by UAV and 113 measured P. australis AGB samples, we
systematically evaluate the modelling effect of different combinations of feature variables, and screen the variables by using
the importance analysis of the Random Forest ( RF) algorithm. Subsequently, three machine learning algorithm models,
namely RF, Support Vector Machine (SVM) and Extreme Gradient Boosting ( XGBoost) , were constructed respectively to
model and compare the accuracy of the screened feature variables, aiming at exploring feasible paths to carry out wetland
vegetation biomass inversion based on low-altitude remote sensing technology, and establishing a high-efficiency estimation
framework applicable to wetland ecological monitoring. The results show that the joint use of the variable combination of
multispectral band reflectance and vegetation index is significantly better than the single variable type, which can effectively
improve the accuracy of AGB estimation. Among the three modelling algorithms, the XGBoost model has the best
performance, with a R* of 0.731, a RMSE of 0.184 kg/m”, and a RPD of 2.431, which shows strong stability and
robustness. The results of the spatial distribution analysis showed that the P.australis AGB in the study area had significant
spatial heterogeneity, with the high value areas mainly distributed in the shallow water zone around the water body and in
the low-lying areas, while the AGB values in the higher terrain areas were relatively low. Quantitative statistics showed that
the total AGB of P.australis in the study area was 3038.78t, and the range of P.australis AGB values was 0.486—1.705kg/
m’, with an average of 0.88kg/m’. Variable contribution analysis showed that the red edge band and its derived vegetation
indexes, especially Modified Chlorophyll Absorption Reflectance Vegetation Index ( MCARI) contributed more in the
P.australis AGB inversion model, indicating its strong sensitivity in capturing changes in chlorophyll content and canopy
structure of wetland vegetation, which significantly enhanced the estimation accuracy of AGB. This study not only verifies
the feasibility and effectiveness of P.australis AGB inversion based on UAV multispectral images combined with machine
learning algorithms, but also provides a scientific basis for subsequent wetland ecosystem function evaluation, carbon stock

estimation and critical habitat monitoring.

Key Words: machine learning; aboveground biomass; vegetation index; UAV inversion; variable combinations
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Table 2 Statistical description of Phragmites australis samples

. - RfEZE
HEAHCE FHf Rkl R ik Jrb
Number of Mean/ Maximum/ Minimum/ Median/ e
samples (ke/m?) (kg/m?) (kg/m?) (ke/m?) deviation/
(kg/m*)
JI=E = Phragmites australis 113 0.931 2.189 0.211 0.828 0.447
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Table 3 Model accuracy validation results

e L ok R () FIFRIR2E (RMSE) XTI AMHC2 5 (RPD)
ARG AR TR . .
. Determination Root mean squared Relative percentage
Variable Model . R .
coefficient error/ ( kg/m”) difference

AP B SR RF 0.382 0.204 2.188

A :Reflectance SVM 0.622 0.230 1.943
XGBoost 0.639 0.220 2.032

B AR AR RF 0.393 0.198 2.255

B Vegetation Index SVM 0.660 0.195 2.296
XGBoost 0.681 0.187 2.380

C B S R A R EL RF 0.393 0.197 2.262

C: Reflectance+Vegetation Index SVM 0.668 0.191 2.338
XGBoost 0.731 0.184 2.431

RF: BEHLARFL Random Forest; SVM: S #¢[a]#A]l Support Vector Machine; XGBoost: ¥t EEHE T eXireme Gradient Boosting
R 22 G UEXT ™ 35 AGB AT AY HEAT S0 UE , 18 i A AR RS RHOR 5 101 i B TR, 45
RRW] XGBoost BRI A5 2 B 1:1 £k, HSCIU{EL-S TN 52 B AL A O 2 ME O &R | R IR Y o 5
T3 AGB BB, 3 BRI AEAE S B RAG AR R Al B, U AR s LR 8 DX, e 5 58 Tl
1, BOSADGE LU AR — LI A AE AR B, NI AS 725 AGB KT 1.5kg/m? 149 DX sl ; 1M 7E AR A BT o5
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Fig.3 Importance ranking and RMSE chart of different variable groups

RMSE : #7111 2% Root mean squared error; MCARI: & 1EA M4 3 WSS M A BE 46 %L Modified Chlorophyll Absorption Reflectance Vegetation
Index; GDVI; 4% 2{HAE 45 50 Green Difference Vegetation Index; PSSRa: 4% 5 (1 2% f B LU {48 ¥ 45 %L Pigment-Specific Simple Ratio for
Chlorophyll-a; RVI: LL{EAE#: 5L Ratio Vegetation Index; NDVI: IH—fbAH# #5410 Normalized Difference Vegetation Index; EVI: 3 5R B HH5
% Enhanced Vegetation Index; GNDVI; £& (00— b #F5%4L Green Normalized Difference Vegetation Index; GI: M4¢ZEF54L Greenness Index;

VARI: $iK<H6%K Visible Atmospherically Resistant Index; MNLI: B ZEPEAE %46 4% Modified Non-Linear Vegetation Index; RED: JH—1k
2183850 Redness Index; GRVI: £R €0 L {EFE #5540 Green-Red Vegetation Index; IPVI. £ ME 4545 %X Infrared Percentage Vegetation Index;

NGRDI; H—1k &% 21 22 {H F #% 35 %0 Normalized Green-Red Difference Index; NGBDI. 3 — k&% #5 2% {5 A8 # 8 % Normalized Green-Blue
Difference Index; RENDVI . ZL11JH—fk 2% {5 4 #% 5 % Red-Edge Normalized Difference Vegetation Index; GLI: £ 4844 Green Leaf Index;
GIPVI; LELTHMEREFEEL Green Infrared Percentage Vegetation Index; WDVI; A H 2% {HAH B TE 4L Weighted Difference Vegetation Index; SIPI; 4%
AR AL ZHEEL Structure Insensitive Pigment Index; NDRE: JH—b22 41148 %0 Normalized Difference Red Edge Index; DVI: 2 {H A #i 4
U Difference Vegetation Index; CARI; M2 WL L (HFEEL Chlorophyll Absorption Ratio Index; PVI: I FLAH ##5 4 Perpendicular Vegetation
Index; MSAVI: & 1F 2 4 655 A 8 5 4% Modified Soil-Adjusted Vegetation Index; GDI; £#€5,3% 538 %% Green Difference Index
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Fig.4 AGSB fitting plots for different combinations of Phragmites australis
AGB: Hi FA:%¥)i Aboveground Biomass; RF:BHHLEEFK Random Forest; SVM: SZFf ] i #L Support Vector Machine, ; XGBoost: 5% ¥ 6 J& $2 F

eXtreme Gradient Boosting

3.3 M3 AGB FI4 A
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Fig.5 Phragmites australis AGB inversion map and some parts of local details and classification results
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