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Aboveground Biomass Estimation Model of Rice Using UAV Remote
Sensing and Meteorological Data

ZHANG Liyuan' JI Renqgin® LI Mingqi' NIU Yaxiao' WANG Aichen' ZHU Xingye’
(1. School of Agricultural Engineering, Jiangsu University, Zhenjiang 212013, China
2. Fluid Mechanical Engineering Technology Research Center, Jiangsu University, Zhenjiang 212013, China)

Abstract: It is of great significance to estimate the aboveground biomass of rice accurately and timely for
precision management of rice field. However, the existing researches focus on using single UAV remote
sensing data, which is difficult to achieve accurate estimation of aboveground biomass in the late growth
stage of rice due to the spectral saturation effect. To this end, the drone multispectral remote sensing
images, meteorological data, and aboveground dry biomass data of rice during the 2023 and 2024 growing
seasons were collected. A multi-source feature fusion model for aboveground biomass estimation was
constructed to achieve accurate and effective estimation throughout the entire growth period and across
multiple growing seasons. The results showed that the vegetation index, vegetation index and texture
characteristics , vegetation index and texture characteristics and effective product temperature as the input
variable , using multiple linear regression (MLR ), random forest ( RF ), partial least squares ( PLS) and
support vector machine( SVM) to establish the rice ground biomass estimation model. The accuracy was

gradually improved and the model accuracy established by the RF algorithm was the highest. With the
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vegetation index as the model input variable, the adjusted coefficient of determination ( adjusted R®)
during flowering, late flowering and all reproductive stages were 0.71,0. 67 and 0.7, respectively, root
mean square error (RMSE) were 268. 62 g/m”,300.29 g/m’ and 249. 43 g/m”, respectively. With the
vegetation index and texture features as the model input variables,the corresponding adjustment R* were
respectively 0.75, 0.72 and 0.74, RMSE were 213.79 g/m’, 239.81 g/m’ and 289.46 g/m’,
respectively. With vegetation index and texture characteristics and effective product temperature as input
variables, the corresponding adjustment R’ were respectively 0.84, 0.87 and 0.87, and RMSE were
176.9 g/m’> ,162. 81 g/m’ and 163. 08 g/m’. Using 2024 data as validation, RF achieved an adjusted R’
of 0.60 and RMSE of 288.19 g/m’ across the entire growth cycle, enabling precise estimation of
aboveground dry biomass in rice across growing seasons. The proposed integrated approach combining
UAYV remote sensing and meteorological data provided a robust method for accurate aboveground biomass
estimation throughout the growth cycle and across seasons, offering technical support for precision rice
management in smart agriculture.

Key words: aboveground biomass of rice; multi-spectral UAV ; meteorological data; multi-source feature

fusion; machine learning algorithm
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Tab.1 Upper and lower limits of irrigation during key reproductive periods set for different treatments
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Fig.3 Boxplots of dry biomass reference values
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Tab.3 Model validation accuracy of rice aboveground dry biomass estimation based on vegetation index

X MLR RF PLS SVM
ﬁi%\/ﬁﬂ . ) ) e 2 2 S 2 2 S 2 2
& R RMSE/(g'm ™) & R RMSE/(g'm ™) % R RMSE/(gm ™) & R RMSE/(g'm ™)
DA AR 0.51 100. 32 0.71 268. 62 0. 88 58.36 0. 86 60. 98
A AR ] 0.01 221. 66 0. 67 300. 29 0.05 211.53 0.01 227.35
LEEW 0.17 395.28 0.70 249.43 0.53 295.09 0. 46 339.97
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Tab.4 Model validation accuracy of rice aboveground dry biomass estimation based on vegetation index and

texture characteristics

MLR RF PLS SVM
d:%‘:ﬁﬂ . 5 2 \ 2 2 5 2 2 3 2 2
P R RMSE/(g-m~%) %% R RMSE/(g-m~%) %% R RMSE/(g-m~%) % R RMSE/(g-m~?)
JF 46 1T 1A 0.65 84.33 0.75 213.79 0.82 123.55 0.82 68. 00
F 165 0.01 220. 04 0.72 239. 81 0.06 229.75 0.02 217.39
| 0.49 335. 60 0.74 289. 46 0.54 436. 48 0.41 342.39
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Bebf AR T R B
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Tab.5 Model validation accuracy of rice aboveground dry biomass estimation based on vegetation index, texture

characteristics and effective accumulated temperature

MLR RF PLS SVM
ﬁiﬁ,ﬂﬁ N 2 2 N 2 2 N 2 2 N 2 2
% R RMSE/(g-m™%) i#% R RMSE/(g-m™%)  i#% R RMSE/(g-m™%)  i#% R RMSE/(gm ™)
BiiA g 0. 65 84.33 0. 84 176. 90 0. 64 100. 53 0.61 103. 41
JFAE )5 0.01 220. 04 0.87 162. 81 0.02 199. 25 0.03 204. 42
L FY 0.49 335.6 0.87 163. 08 0.18 432.98 0.19 471. 47
2000 = w5 N = N
20007 . . A AL R S Bk WA NE Y AT T
® LR E ’

o filiit T4 & ‘

- soof I
& ¢
&

R*=0.60

400 pinEs " RMSE %288.19 g/m?
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Inter-annual generality of random forest models

Fig. 6
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