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Abstract; Obtaining soil moisture quickly and timely can grasp the needs of water of the crops, which is
very important for the agricultural production. Soil spectral reflectance provides an alternative method to
classical physical and chemical analysis of soil in laboratory for the estimation of a large range of key soil
properties. Therefore, the soil moisture was quickly achieved by using hyperspectral technology and the
application of ridge regression was explored in the optimization and quantitative analysis of hyperspectral
bands. Totally 91 soil samples were collected from the soil depth of 0 ~5 ¢m in Seder Boker area in the
southern Israeli. These soil samples were analyzed in the process of physical and chemical properties in
laboratory. After that, the raw hyperspectral reflectance of soil samples was measured by an ASD
FieldSpec 3 instrument equipped with a high intensity contact probe under the darkroom conditions.
Next, the raw spectral reflectance ( REF) was transformed to three spectral indices, i. e. inverse-log
reflectance (LR ), the first order differential reflectance ( FDR) and continuum removal reflectance
(CR). Regression models of soil moisture with different indices were established by three methods:
partial least squares regression ( PLSR), stepwise regression ( SR) and ridge regression ( RR). The
inversion results of the model were validated and compared with each other. The results showed that the
method of LR transform can eliminate the interference of external factors much better, and it appeared to
be the optimal spectral index in stepwise regression model and ridge regression model ( R* were 0. 981 and
0.975, and R; were 0.971 and 0.979). For the three spectral indices about REF, FDR and CR,
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although the modeling effect of SR and RR was slightly lower than that of PLSR, the coefficient of
modeling determination was above 0. 9. Both SR and RR had simplified and optimized the model, but RR
had better validation results and the number of bands used for modeling was only 0.3% of the full

spectrum (400 ~ 2 400 nm ). After comparing the three regression models established with the four

spectral indices, the LR — RR model not only had the characteristics of simple model and less

calculation, but also improved the robustness of the model better by using biased estimation at the cost of

losing the part accuracy. The result indicated that ridge regression method can not only achieve the

efficient selection of hyperspectral bands, but also use the LR — RR hyperspectral inversion model for the

reference of monitoring the aerospace hyperspectral remote sensing of regional soil moisture in the future.

Key words: soil moisture content; hyperspectral remote sensing; regression analysis; ridge regression;
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Tab.1 Statistical characteristics of soil moisture content

FEA 7 B AR 5L e/ ME/ % KA/ % FEMEH % WRERZE % ERRE % U FE R AL 1t B 2R 8K
BRREA 91 0.28 31. 41 8.21 110. 22 0. 65 1.24
HBIRE A 61 0.28 31.41 8. 41 111.04 0.71 1.26
WAL AR A 30 0.31 28.50 7.91 110. 09 0.74 1.24
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Fig.1 Raw and pretreated spectral reflectance curves of soil samples with different soil moisture contents
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Tab.2 PLSR model of soil moisture content

i EEIRGE O RIERAE iR X
E R AH R ZHR; RMSE %2 RPD
REF 0.990 0.987 0.011 6. 60
LR 0.971 0.971 0.013 5.68
FDR 0.987 0. 965 0.015 4.93
CR 0.981 0.977 0.012 6.12
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K B Fre e (RMSE Sy 0. 011) , 28 3ok S [ 14 502 78 4
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Tab.3 SR model of soil moisture content

i e B L K/ HMPE  UERE AR KX
$& b m ZBR  FMR 2% RMSE %2 RPD
1 833 0.288 0.637 0. 089 0. 14
2 833,2 387 0.923 0. 822 0.034 2.35
REF 3 784 ,833,2 387 0.939 0. 861 0.029 2.63
4 784 ,833,2011,2 387 0. 944 0. 868 0.028 2.70
1 1970 0. 838 0. 878 0. 042 1. 14
2 1464,1970 0.959 0.922 0. 022 3.59
LR 3 1464,1970,2 149 0.978 0.959 0.016 4.95
4 1464,1928,1970,2 149 0.981 0.971 0.013 5.72
1 1351 0.932 0.903 0. 026 2.99
2 1351,1788 0.951 0.903 0. 025 3.17
3 1351,1713,1788 0. 964 0.918 0. 024 3.39
4 1351,1354,1713,1788 0.968 0. 878 0. 044 3.45
5 1351,1354,1713,1788,1920 0.973 0. 878 0. 044 1.23
6 1351,1354,1713,1788,1920,2246 0.978 0. 896 0.026 3.10
7 1351,1354,1713,1723,1788,1920,2 246 0.981 0.903 0.024 3.12
FDR 8 1351,1354,1703,1713,1723,1788,1920,2 246 0.986 0.910 0. 023 3.29
9 1351,1354,1703,1713,1723,1788,1791,1920,2 246 0.987 0.913 0.023 3.36
10 1351,1354,1703,1713,1723,1786,1788,1791,1920,2 246 0.989 0.925 0. 021 3.64
11 1351,1354,1703,1713,1723,1786,1788,1791,1920,2246,2 315 0.990 0.923 0. 022 3.57
1351,1354,1703,1713,1723,1786,1788,1791,1920,2222,2246,
12 0.991 0.916 0. 023 3.45
2315
1351,1354,1703,1713,1723,1767,1786,1788,1791,1920,2222,
13 0.992 0. 900 0. 025 3.18
2246,2 315
1351,1354,1652,1703,1713,1723,1767,1786,1788,1791,1920,
14 0.993 0. 899 0. 025 3.17
2222,2246,2 315
1351,1354,1652,1703,1713,1723,1767,1786,1788,1791,1920,
15 0.996 0.877 0.028 2.86
2166,2222,2246,2 315
1 2239 0. 459 0. 607 0.077 0.01
CR 2 1802,2 239 0.910 0. 880 0.028 2.37
3 944 /1 802,2 239 0.920 0. 886 0. 027 2.55
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Tab.4 RR model of soil moisture content

JeRE BB - 4250 HBPE  RIEIE AR A
18 b m k ZHR ZMR, 2 RMSE i3 RPD
REF 6 985,1441,1503,2043,2295,2 334 0. 000 2 0.958 0. 956 0.017 4.45
LR 5 1401,1415,1488,1799,1 863 0. 000 2 0.975 0.979 0.012 5.89
FDR 7 1087,1151,1317,1629,1724,2125,2 152 0.3 0.919 0.921 0. 025 2.58
CR 6 1359,1408,1556,1885,1995,2 154 0.02 0.910 0. 940 0. 020 3.67
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