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Fig. 1  Soil spectral curves and continuum removal of soil samples with different moisture ( % )

R DIREKESHIERICEHER K EX R

Table 1  Correlation coefficients between soil moisture and spectral indices

L. o D, A L. Dq, A Wi Ly L, L.
0.361" 0.662" 0.558" 0.316" 0.666" 0.616" 0.549" -0.708" 0.901" 0.740"
D, W, Ags Ses Ly g, Ly s L, D, W Ag,
0.960" 0.870" 0.960" 0.845" -0.283" 0.657" 0.859" 0.967" 0.968" 0.973"
Ses Ly s L. cs L, s Des Wes Aes Ses
0.389" 0.790" -0.188 -0.553" -0.179 -0.170" -0.387" 0.378"

fE: **3KRp <0.01; *FRp<0.05. G, Gy, Gyy Gy G IO R ATE400 ~ 2 500 nmil Fl N 195D FZOLIERIL
B/ IME P KA B> W RS T-510, 615, 1420, 1920, 2 210 nm Note: ** represents p<0.01; and * p<0.05 G,, G,, G,
G4 and Gy stands for location of the bottom of the five main spectral absorption valleys, separately, at 510, 615, 1420, 1920, 2210

nm within the range of 400 ~ 2 500 nm in waveband along the black soil spectral reflectance curve
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Table 2 Unary linear regression model for prediction of soil moisture

28 Ay FERLRG e 16 56

Parameter Model Model precision Test
R RMSE R? RMSE
L, s y=0.5597L, _; - 783.36 0.812 4.149 0.844 4.368
Dy, y=111.23D; + 1.6127 0.921 2.692 0.824 2.815
Ags y =T74.07814; + 4.0657 0.921 2.685 0.826 2.788
D, y=64311D, - 11.443 0.935 2.435 0.946 2.809
Wes y=0.4974W, - 49.07 0.938 2.387 0.987 2.443
Ay y =32.3554., - 3.6544 0.946 2.225 0.924 2.361
R0 y == 146.09R ,,, + 44.05 0.866 3.505 0.882 3.582
R0y ¥ ==136.75R gy, + 36.41 0.876 3.372 0.930 3.655
Ry y=-120.02R,,,, + 38.625 0.886 3.221 0.926 3.450
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Table 3 SMLR models for prediction of soil moisture

b s TR TR A i 56
5 571
* Model precision Test
Treatment Model
R RMSE R RMSE
JZ it Reflectance y=30.775+466.58 1R 7,5—1383.941R,,5+927.233 R, 335 0.935 2.381 0.946 3.232
AL Continuum removal y=—1.207-62.344z2,,5+699.5772,,,0—632.589z 45 0.953 2.029 0.900 2.207
G\ Gy Gy, Gy Gy y=—101.667+22.7714,,+0.059L,_;+0.189 W, 0.951 2.142 0.972 2.459

e yNEHESKE, RN TT5 nmiE BT R Zyous M2 045 nmifE B 40 28 46 )5 9B Note : y stands for moisture, R,5;5 for

reflectance at 1 775 nm, z,5 for post—continuum-removal value at 2 045 nm

®4 TESKERE/NDZREEFTOUEE

Table 4 PLSR models for prediction of soil moisture

4 ARG FE T 55
B
Model precision Test
Treatment
R’ RMSE R’ RMSE
JZ 9% Reflectance 0.952 2.096 0.943 2.532
FAL4 4 Continuum removal 0.947 2.195 0.952 2.325
ERS LAY All five spectral absorption valley 0.950 2.135 0.936 2.672
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Soil Moisture Predicting Model
Based on Spectral Absorption Characteristics of the Soil

JIN Huining ZHANG Xinle LIU Huanjun’ KANG Ran FU Qiang NING Donghao

( College of Resources and Environment, Northeast Agricultural University, Harbin 150030, China )

Abstract  Soil moisture is predicted with spectroscopy based on the mechanism of moisture affecting characteristics
of spectral reflectance of the soil, but most studies took reflectance as an independent variable in moisture predicting
models, and paid only a little attention to absorption characteristics. In n this study 8 samples of black soil different
in soil organic matter content were collected from its experiment field and prepared them into 102 soil samples using
a new soil moisture adjusting method. The samples were then put individually into wide round glass disks. Spectral
reflectances of the samples in the visible and near infrared region were measured with an ASD Field Spectroradiometer in
the laboratory, yielding 10 spectral curves for each sample, of which a mean was worked out as the actual reflectance
of the sample. Since the spectrometer responds unevenly to electromagnetic waves different in wavelength, spectral
data need to be pre-processed for smoothing at a regular wavelength interval of 5 nm to diminish noise before data
analysis. As the soil samples did not vary much in spectral characteristics, the continuum removal method was used to
effectively make the characteristics of spectral adsorption and reflection prominent in the spectral curves. Soil spectral
reflectance is comprehensive representation of soil physical and chemical parameters, and hence very sensitive to
changes in soil organic matter ( SOM ) soil moisture, Fe, coarseness, mechanical composition and so on. However,
the characteristic parameters of spectral adsorption valleys extracted with the continuum removal method reduced
the sensitivities. The continuum removal method was applied with the aid of Software ENVI 4.6. The characteristic
parameters of soil spectral adsorption that need to be extracted encompass area, depth and width of a spectral absorption
valley. Correlation analysis was used to determine relationships of moisture content of the black soil with reflectance,
spectral characteristic parameters and post-continuum-removal values. Based on the Simple Linear Regression,
Stepwise Multiple Linear Regression ( SMLR ) and Partial Least Squares Regression ( PLSR ) method separately,
high-spectrum models for prediction of black soil moisture content were built up using spectral reflectance, post-
continuum-removal values and spectral adsorption characteristic parameters as independent variables, and moisture
as dependent variable. Determination coefficient ( R*) and RMSE were used to evaluate prediction accuracy of the
models.. The higher the R* and the more stable and accurate the model and the lower the RMSE. Results show that

(1) the soil spectral curve of Black soil has five spectral absorption valleys located at 510, 615, 1420, 1920 and
2210 nm, separately; and in predicting soil soil moisture content in black soil, spectral characteristic parameters are
higher in correlativity than spectral reflectance, especially at 1420 and 1920 nm; (2 ) the models based on Simple
Linear Regression, Stepwise Multiple Linear Regression ( SMLR ) and Partial Least Squares Regression ( PLSR ) ,
separately, are all applicable to prediction of soil moisture content in black soil; and (3 ) the model based on simple
linear regression using the characteristic parameters of the spectral absorption valley at 1 920 nm as independent value is
high in prediction accuracy and low in input volume, and hence can be used as the theoretical basis for developing instant

soil moisture measuring instruments. The models established in this study are high in stability and accuracy, which may
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be attributed to their use of just one type of soil and the new soil moisture adjusting method. Therefore, it can be concluded
that the soil moisture high-spectrum prediction model based on spectral adsorption characteristic parameters is high in
accuracy and stability and can be used for instant prediction of soil water contents.

Key words Spectral reflectance; Soil moisture; Continuum removal; Absorption feature
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