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Simple Microwave Scattering Model for Agricultural Areas Using Sensitivity
Examinations of Input Parameters of the 1¥-Order Radiative Transfer Model
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Abstract

This paper presents a simple microwave backscattering model achieved by reducing the number of input parameters, based on
sensitivity examinations of the input parameters of the 1%-order radiative transfer(RT) model. The proposed model can be used to
compute the microwave backscattering coefficients in agricultural areas. First, we generated an extensive database of microwave
backscattering coefficients corresponding to various vegetation and surface conditions, using the 1%-order RT technique. This database
comprises the backscattering coefficients of agricultural areas acquired via COSMO-SkyMed synthetic aperture radar and the Hongik
polarimetric scatterometer and also the backscattering coefficients computed using existing scattering models and in-situ measured
ground-truth data corresponding to radar data. Subsequently, we examine the sensitivity of the input parameters based on the difference
between backscattering coefficients and global sensitivity analyses. Among a total of 32 input parameters, based on the sensitivities

calculated for various vegetation types, frequencies, and ranges, 12 input parameters of the RT model exhibited the highest sensitivity.
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Thereafter, we verified the accuracy of the proposed simple scattering model for agricultural areas. The root mean square error(RMSE)

between the measurement data and the simple model is approximately 0.95 dB, whereas the RMSE between the measurement data and

the 1%-order RT model is 0.91 dB. Although the number of input parameters for the simple model is reduced by approximately one

third, the accuracy of the scattering model is maintained.
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Fig. 1. HPS system for scattering coefficient measurements.
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Fig. 2. Measured vv-polarized backscattering coefficients of
corn fields.
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Table 1. Input parameters of 1™ RT model(bean field).
No. Group Input parameters Min. | Avg. | Max.
1 Soil moisture 1 031 015 | 03
L Surface contents(cm’/cm’)
| 2 | RMS height(cm) 05| 1 1.5
3 Correlation length(cm) | 20 | 20 | 20
|4 - Canopy height(cm) | 20 | 525 | 85
|5 Number of stems 200 | 650 {1,100
| 6| Moisture contents(g/cm3) 05 1] 06 | 07
L7 Average diameter(cm) | 0.5 | 0.65 | 0.8
| 8 | Average length(cm) 3 |35 4
19| Stem Std. of diameter  |0.007{0.065| 0.13
110 | Std. of length 0.035| 0.35 | 0.70
|11 Vertical angle(deg.) | 30 | 40 | 50
112 ] Std. of vertical angle | 0 5 10
113 ] Curvature 041|051 06
|14 | Number of branches | 50 | 200 | 350
115 Moisture contents(g/ent’) | 0.6 |0.675| 0.75
116 | Average diameter(cm) | 0.08 | 0.12 | 0.16
17 Average length(cm) | 7.5 | 16.5 | 25.5
18| Scaltterer Branch|  Std. of diameter | 0.001]0.012[0.024
(19| Pla) Std. of length  |0.163] 1.65 | 33
120 | Vertical angle(deg) | 20 | 25 | 30
121 Std. of vertical angle | 5 10 | 15
122 | Curvature 04 | 05| 0.6
123 | Number of leaves 150 | 550 | 950
124 | Moisture contents(g/cn’)| 0.58 | 0.63 | 0.68
125 | Average width(cm) 3 1451 6
126 | Average length(cm) 3 |85 12
127 | Leaf Std. of width 0.045| 045 | 09
|28 | Std. of length 0.085| 0.85 | 1.7
129 | Thickness(mm) 01102103
130 | Vertical angle(deg) | 40 | 50 | 60
131 Std. of vertical angle | 20 | 30 | 40
32 Curvature 01104107
(1), Q%+ 2ol AFstA, A= 19 33 2tk

_ 0 0
Aavv - <0-vv‘max O yv.min >9[ =20,30,40,50,60°

(M
Ao—(})l/l = <o—(})1,h,‘max - J?Lh.min>9[ = 20,30,40,50.60°  (2)
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