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Note: Component (D is the radiation of the soil layer in the observation
direction after passing through the vegetation layer; Component @) is the direct
radiation in the observed direction of the vegetation layer; Component @) is the
part of the descending radiation of the vegetation layer reflected by the soil layer
to the observation direction and then passed through the vegetation layer.
Component @ is the upward soil radiation scattered by the vegetation layer to
the observed direction, which is ignored by the 7 — w model.
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Fig.1 Schematic of radiation component contribution
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Note: S, and S,” represent the uplink and downlink scattering matirces of the n
thin sublayer; 7, ,,’ and 7, are the uplink and downlink transmission matrices of
the n thin sub layer, respectively.

B2 ZARBHTEHR

Fig.2 Diagram of multiple scattering
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Fig.3 Observation platform, vegetation status and in-situ brightness temperature data of eight times during growing stage of maize

F1 EREBHSRNESHE
Table 1 In-situ measured parameters of eight times during growing stage of maize
2% Parameters 1 2 3 4 5 6 7 8
T4 7K # Soil moisture/ (cm3-cm'3) 0.14 0.18 0.13 0.15 0.14 0.13 0.14 0.12
- A 4L Leaf area index (LAI) 0.18 0.52 1.14 1.58 2.15 2.54 3.29 3.6
5623585 /K 2 Canopy water content/% 84 83 83 82 81 81 80 78
¥k Plant height/m 0.23 0.34 0.46 0.65 0.83 1.05 1.33 1.66
56 2R Canopy temperature/'C 30.4 22.1 27.2 17.8 24.6 25.6 253 22.9
K FFE 1% Maize stalk diameter/cm 0.7 1.1 1.65 2.0 2.3 2.35 2.4 2.5
T KAT 5 Maize stalk height/cm 16 24 34 45 58 71 91 116
A ) Biomass/ (g-m™) 744 3868 11807 16960 20222 21657 35812  4696.7
+47IEF Soil temperature/'C 28.8 22.8 23.9 213 23.9 242 23.6 225
Wb 4R F1 5% Sand volume fraction/% 50 50 50 50 50 50 50 50
FiERF3 %L Clay volume fraction/% 15 15 15 15 15 15 15 15
LA E Soil bulk density/ (g-om™) 125 125 1.25 1.25 1.25 1.25 1.25 1.25
B 5177 HR 5% Soil roughness root mean square height/ cm 073 0.73 0.73 0.73 0.73 0.71 0.71 0.71
R A 9GBS Soil roughness correlation length /cm 58 58 58 58 58 61 61 61
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Note: 1 is unit energn. k, is forward scattering toward hemispheres.
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Fig.4 Schematic of the canopy scattering path
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Table 2 Input parameters of matrix-doubling model (MDM)

2% Parameter {8 Value

WL 0 [ View angle /(°) 50~85° ([ 5°)

ABi% Frequency / GHz 6.6
LAI 0.1~6.0 ([a]kf 0.1>
- 242 Leaf disc radius/cm 1.3
- F JE B Leaf disc thickness/cm 0.022
& 7K # Leaf moisture content /% 82
FAKFFE 7K ZE Maize stalk moisture /% 78

-0.19 LAP® + 1.22 LAI + 0.51
445 LAI* +10.27 LAI + 15.96

FKAFELAZ Maize stalk diameter /cm
T KAT K Maize stalk length /cm
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Table 3 Model coefficients for different polarization model (PM)
PM ap bp cp dp Je hp Jr mp
V. 0204 -0.120 0.763 2.457 0.324 0.666 0.143E-2 0.868E-1
H 0491 -0294 0.701 2.738 0.365 0.624 0.126E-2 0.813E-1
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of the Chinese Society of Agricultural
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Improvement and parameterization of the TAU-OMEGA radiation model

MA Hongzhang , MENG Qingtao , LIU Sumei
(College of Science, China University of Petroleum, Qingdao 266580, China)

Abstract: Soil moisture information was of great significance for water resources management, agricultural production, and
climate change. Passive microwave remote sensing had gradually become one of the most important technical means to obtain
surface soil moisture. The TAU-OMEGA model had been successfully applied in global soil moisture inversion using L band
passive microwave data but there would be some problems, such as the poor performance of the model and the uncertainty of
the model parameter at C-band. Based on the analysis of the mechanism of microwave scattering by vegetation canopy, this
study realized the quantitative calculation of multiple scattering effect of the model on canopy by adding the radiation addition
term of unobserved radiation of soil scattered by vegetation layer to the observation direction, which greatly improved the
simulation accuracy of the model in C-band and successfully solved the applicability problem of the model in C-band. Through
theoretical deduction, the theoretical calculation formula of the important parameters of the model was obtained. Based on the
simulation data set of the physical model, the quantitative calculation of the parameters of the model was realized by canopy
leaf area index (LAI), so that the model parameters could be quantitatively calculated in large areas according to the LAI
products obtained from satellite remote sensing data. In this study, a C-band (6.6 GHz) microwave radiometer was used to
verify the simulation accuracy of the model before and after the improvement. The data included the observation results of 8
times from seedling stage to flowering stage of maize. The results showed that in the case of using the model parameters based
on quantitative calculation of LAI, the microwave radiation brightness temperature of surface would be seriously
underestimated by the model before the improvement, while the simulated value of surface microwave radiation brightness
temperature of the improved model was in good agreement with the measured data. The simulation error of the model before
improvement showed a trend of first increasing and then decreasing from seedling stage to flowering stage, because the body
scattering term of canopy on soil radiation was ignored by the Before the improvement of the model, resulting in a larger error
of simulation value with the enhancement of canopy scattering effect. With the further growth of the canopy, the attenuation
effect of the canopy on the soil microwave radiation exceeded the scattering effect on the soil microwave radiation, and the
contribution of the soil microwave radiation to the observed brightness temperature gradually decreased. The average RMSE of
the model before improvement in eight growth stages of maize canopy was 7.27 K for V polarization and 7.92 K for H
polarization. After the improvement, the average root mean square error (RMSE) of V polarization and H polarization were
3.02 K and 3.94 K respectively. It could be inferred that the soil moisture inversion error caused by the model simulation error
could be reduced to less than 1.5%, which greatly improves the potential of the model in soil moisture extraction, according to
the simulation errors of the improved model for the brightness temperature of microwave radiation in the C-band V polarization
and H polarization of the corn plot. The results also showed that the model improvement and parameterization scheme
proposed in this study are reasonable, and the research results laid a foundation for the large-scale soil moisture inversion by
combining optical and passive microwave remote sensing data.

Keywords: soil moisture; remote sensing; TAU-OMEGA model; double matrix algorithm; body scattering
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