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Table 1 Characterstics of the 18 soils corsidered
Organic Calcium Munscll
Sample Soil code atter catbonate Iron oxides Munsell color Sand Silt Clay Bulk density
(skg™ ) (%) (gem )
1 14 0 9 10YR 3/3 39 30 31 1. 10
Calibration 2 22 120 15 7,5YR3/4 29 32 39 1.22
samples 3 17 210 7 10YR 3/4 44 25 31 1.32
4 12 70 9 10YR 4/4 29 25 46 1. 05
5 9 30 7 10YR 5/4 63 15 2 1. 40
6 15 40 21 10YR 4/6 37 36 27 1.35
7 7 20 11 10YR 7/3 46 30 24 1. 46
8 18 250 4 10YR 4/2 16 2 62 1. 12
9 12 270 4 25Y7/1 16 26 58 1.12
10 14 20 8 10YR 2/3 37 26 37 1.31
Evaluat ion 11 11 30 9 10YR 6/3 45 27 28 1.21
samples 12 18 130 7 10YR2/3 37 25 38 1.33
13 10 90 7 10YR 4/4 25 37 38 1.37
14 10 160 5 10 YR6/3 37 21 2 1.31
15 8 200 18 7,5YR 4/ 6 54 26 20 1.48
16 6 0 9 7,5YR 4/3 49 23 28 1. 45
17 17 220 5 10YR 5/2 15 23 62 1.58
18 28 240 3 25Y5/1 19 30 51 1.33
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TaHe2 Peformances (RMSE, R?) of the five approaches investigated
D Coefficients
Wavelength ( calibration L .
Approach Calibration Evaluation
(nm) dat aset)
A A RMSE? R?? RMSE? R?

1944 a=-0.2161 b= 4.707 0. 056 0.73 0.083 0. 68
Rehtive reflectance

1834 1836 ap= 0. 023 45 bp= - 14825 0.041 0.84 0.080 0.63
Firs derivative reflectance
A 1628 1630 a= - 0.04130 by= - 214.4 0. 026 0.94 0.064 0.88
Firs derivative absorbance

2250 2062 ag= 0.170 5 br=3.82 0. 40 0.85 0.076 0. 69
Reflectance difference
A 1628 1630 a= - 0.0413 by= - 214.4 0. 026 0.94 0.064 0.88

Absotbance difference

1) Only the results of the best wavebands combination are presented; 2) RMSE:
3) R% Goodness of fit
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Fig. 2 Distibution in different band canbination of soil mosture RMSE
ohtained from calculation of the calibration data set using the reflectance
difference approach (lower left triangle) and RMSE from wrrelation to

corresponding evaluation data set (upper right triangle)
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Fig. 3 Distribution in different band canbination of soil mosture RMSE
obtained from calculation of the cal bration data se using the absorbance
difference approach (lower left triangle) and RMSE from wrrelation to

corresponding evaluation data set (upper right triangle)
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EXTRACTION OF SOIL MOISTURE INFORMATION BY
HYPERSPECTRAL REMOTE SENSING

. . 14 .3 3 . .
Liu Weidong">®  Frédéric Baret’ Zhang B Zheng Lanfen” To ingxi’
g ng bing ng ng ingx
(1 Bajing Institute f Urban M aeorology, China Meteorological Administration, Bejing 100089, China )
(2 Unitt imat, Sol @ Erwironnement Institut Nationdl de la Recherche A gronomique, Avignon 84914, France)
(3 Institute ¢ Remote Sensing Applications, ChineseAcademy  Sciences, Bejing 100101, China)

Abstract Development of precision farming calls urgently for remote sensing techniques capable of providing timely accur
rate ground information. FEstimation of soil moisture from reflectance measurements in the solar spedral domain (400~ 2 500 nm)
was nvestigated. For this purpose, 18 soils representing a large range of permanent characteristics were gathered for the test.
Reflectance daia were measured in the laboraory during the soil drying process wih a high spectral resolution spectroradiom eter.
Five approaches were compared. The first one was based on single-band refledance and on calibration of the refledance daa by
the refledance of the corresponding soil under dry conditions, the second and the third approaches on either reflectance derivar
tives or ahsorbance derivatives and the fourth and fifth approaches on differences between reflectance and absorbance observed in
two norr consecutive bands.

In the first step, the relationships were calibrated over half the dataset (nine soils) with emphasis on selection of the most
pertinent spectral bands. Results showed that, for the first approach, the bands corresponding to the highest water absorption ca
pacities (1 944 nm) yielded the best soil moisture retrieval performance. For the second and third approaches, the bands corre-
sponding to sharp edges of the water absorption features performed better (1 834 nm for the refledance derivatives and 1 622 nm
for the absorbance derivatives) . The fourth and fifth approaches culd be considered as a generalization of the derivative approach
when bands were no longer consecutive. The best performance was achieved when the bands were not too far apart. The best
overall retrieval performances were achieved with the absorbance derivatives and the absorbance difference, confirming the norr
linear charader of the relationship between soil moisture and rdledance.

The previously calibrated relations were tested against the evaluation dataset obtained from the nine remaining soils. The re-
sults showed additionally that calibration of the reflecance values by that observed under dry conditions was only partly minimiz
ing impadt of soil type. The best perfomances for the lowest soil moisture values (< 0.20 g an™ °) were obtained with the re-
flectance derivatives. However, because of the nomrlinear behaviour for the highest soil moisture values, the absorbance derivar
tives and absorbance difference provided the best estimation of these moisture levels. With the relations set between refledance
and moisture, soil moisture was conversed from airborne remote sensing images.

Key words Soil moisture; Reflectance; Hyperspedral remote sensing; Precision agriculture



