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Abstract With the portable Fourier Transform Infrared Spectroscopy (FTIR), the reflectance spectra of soil samples with different moisture

content are measured in laboratory for expounding the characteristic of radiation in the thermal infrared part of the spectrum with different soil

moisture content. A model of estimating the moisture content in soil is attempted to make based on Moisture Diagnostic Index (MDI). In gen-

eral , the spectral characteristic of soil emissivity in laboratory includes the following aspects. Firstly,in the region of 8.0 =9.5 pm,along with

the increase of soil moisture content,the emissivity of soil increases to varying degrees. The spectral curves are parallel relatively and have a

tendency to become horizontal and the absorbed characteristic of reststrahlen is also weakened relatively with the increase of soil moisture in this

region. Secondly, in the region of 11.0 —14.0 wm,the emissivity of soil has a tendency of increasing. There is an absorption value near about

12.7 pm. As the soil moisture content increases,the depth of absorption also increases. This phenomenon may be caused by soil moisture ab-
sorption. Methods as derivative, difference and standardized ratio transformation may weaken the background noise effectively to the spectrum

data. Especially using the ratio of the emissivity to the average of 8 — 14 pm may obviously enhance the correlation between soil moisture and

soil emissivity. According to the result of correlation analysis, the 8.237 pm is regarded as the best detecting band for soil moisture content.

Moreover, based on the Moisture Diagnostic Index ( MDI) in the 8. 194 —8.279 pm, the logarithmic model of estimating soil moisture is made.
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Soil moisture content is an important parameter in hydrology, me-
teorology and agricultural scientific field, while regional soil mois-
ture content monitoring is an important part of agricultural farm-
land resources management and drought monitoring and an indis-
pensable parameter in the ground process study, which plays an
essential role in improve regional and global climate mode and re-
port result'!’. The regular soil moisture monitor is based on point
measurement with a long cycle and high cost, and is not remotely
meet the demand of monitoring soil moisture fast and efficient.
The development of remote sensing technology makes it possible to
monitor the regional soil moisture content at any time. Therefore,
it is practical to further study the method to monitor soil moisture
content.

Since the 1960s, scientists in many countries has managed to
study soil moisture content based on thermal infrared remote sens-
ing" "', About twenty years later, Chinese scientists start to
practise such technology based on the application of foreign mod-
el . Scientists in China and abroad conducted relevant mostly
studies on the thermal infrared remote sensing of soil moisture con-

tent!? 7>

, instead of studying the spectrum of thermal infrared
emission rate of soil and the characteristics of spectrum. The
measurement of emission rate spectrum of soil moisture content is
subjected to external factors such as wind speed and temperature,,

which influences the dependability and adaptability of retrieval
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model. In order to explore the spectrum features of thermal infra-
red emission rate of soil moisture, the reflectance spectra of soil
samples with different moisture contents are measured in laboratory
for expounding the characteristic of radiation in the thermal infra-
red part of the spectrum with different soil moisture content. A
model of estimating the moisture content in soil is attempted to

make based on Moisture Diagnostic Index (MDI).

1 Materials and methods
1.1 Preparation of soil samples The study area is in Kunshan
City in Jiangsu Province and the soil is mainly paddy soil. The soil
sample is collected based on layers. The depth of sample ranges
from 0 cm to 25 em and samples are stored in a plastic pot 15 ¢cm
long and 20 cm high. Every soil sample is added with water and
then is blown to dry.

Collection of data. The spectrum data of emission rate of soil
sample based on the portable Fourier Transform Infrared Spectros-
copy (FTIR) from American A& P Company. The equipment re-
sponse spectrum is between 2 and 16 pwm and the spectrum resolu-
tion rate is 4 cm ™', The noise equivalent temperature difference is
around 0.01 °C and the precision of emission rate is larger than
0.02(8 =14 wm) but lower than 0.04 (3 —=5 um). In order to
avoid low temperature in soil sample, the radiation of the lower at-
mosphere is drowned by the radiation in the soil sample. The soil
sample is heated to 30 °C in the thermostatic blow dry box, which
is higher than the surrounding environment. Then the spectrum of
emission rate of soil sample is measured. The formula of the auto-

matic calculation of emission rate was as follow:
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MS( /\) - MDWR( /\)
g(A) =
M( )\yTs) - MDWR( /\)

In the formula, M ( A) represents the emission rate of radia-
tion in the sample; M, ( A) represents the decreasing radiation
of the plate; M( A,T;) is the function of the black object at the
temperature of 7. The temperature of sample T is calculated
through radiation model™.

The German TRIME Data Pilot (TDR) soil moisture monitor
is used to monitor the soil moisture content. This machine is based
on the dielectrometric method and the soil moisture content is
measured. During the process of drying the soil sample, the ther-
mal infrared emission rate spectrum of soil sample is measured ev-
ery 48 hours and meanwhile the soil moisture content is moni-
tored.

1.3 Pre-treatment of data
ble Fourier Transform Infrared Spectroscopy (102F) is between 2

The measured wave band of porta-

and 16 pm, including two atmospheric windows (3 =5 pwm and 8
—14pum). On the one hand, the 3 —5 pm atmospheric window is
not as clean as the 8 — 14 pm atmospheric window, which would
be influenced by CO,(4.0-4.4 pum), CH,(3.0-3.5 pm) and
water vapor (4.4 —5.0 pum). On the other hand, if the tempera-
ture in the field reached 30 °C, the radiation peak was around 10
wm and it weakened as the wave band shortened. Therefore, the 3
—5 pm atmospheric window is not applicable™'. Therefore, the
wave band of emission rate was between 8 and 14 pm. In order to
eliminate the noise of spectrum radiator, the emission data is trea-
ted with five-point moving average smooth, which is helpful to an-
alyze the radiation characteristics of emission rate in soil moisture

content.

2 Result and analysis

2.1 Spectrum characteristics and analyses The characteris-
tics of soil thermal infrared emission rate spectrum is influenced by
soil moisture content, soil type, texture, roughness, organic mat-

ter and minerals, etc. 2"

. Fig. 1 is the result of thermal infrared
emission rate spectrum of four soil samples with different moisture
content and one parched soil sample. Fig. 1 suggested that from
8.0 10 9.5 wm, the soil moisture content increased and the emis-
sion rate of soil thermal infrared emission rate accumulated. The
spectrum curve is relatively smooth. Water has high assimilation
coefficient and emission rate within the wave length range. There-
fore, as the soil moisture accumulated, the soil emission rate in-
creased, which was consistent with the study result of Salisbury

etc. (22, 4]

. During the wave length of 9.5 and 11.0 pwm, the soil
thermal infrared emission rate increased, but it didn’t show any
distinct corresponding relation to the changes of moisture content
in soil. From 11.0 to 14.0 wm, with the addition of soil moisture
content, the soil infrared emission rate reduced at different de-
grees. Besides, there was an assimilation valley around 12.7 pm
and the assimilation intensified with the soil moisture addition.
The assimilation valley might be produced by the absorption of soil
moisture. Xiao Qin et al. believed that from 11 to 13 pm, along

with the increase of soil moisture, the emission rate kept un-
changed™’. The reason of such difference may be the low soil
moisture. The different soil types, texture, roughness, organic con-
tent and minerals result in different assimilation depth and location
of absorption valley.

The spectrum curve of soil thermal infrared emission rate be-
tween 8.0 and 9.5 pum had distinct reststrahlen characteristics,
namely unsymmetrical valley absorption characteristic, which is
resulted from the strong absorption of SiO, between 8.0 and 9.5
Mm[z‘l]
tion valley with different locations and depths. The addition of soil

. Different types of soil would lead to reststrahlen absorp-

moisture made the spectrum curve of reflection rate (8.0 -9.5 um)
flat and the reststrahlen absorption weakened correspondingly.

2.2 Foundation and verification of model In the process of
high spectrum reflection rate data, the calculation of original high
spectrum data can weaken the background information, soil rough-

ness, sensor, and light location, etc. ] So He Junliang et al.
)7 Hence, the

study introduced high spectrum data processing method and pro-

proposed organic matter diagnostic index ( MDI

posed moisture diagnostic index. Standardization ratio applied ra-
diation rate value. The most sensitive wave band analysis of differ-
ent moisture diagnostic index was shown in Table 1.
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Fig.1 Thermal infrared reflection rate spectrum curves of soil
with different moisture contents

As shown in Table 1, in the moisture diagnosis index, the re-
flection rategand soil moisture content had positive relevance at
the waveband of 8.194 pum and negative relevance at the wave-
band of 12. 317 pm. Through standardized ratio treatment, such
relevance can improve. Fig. 2 indicated that the changes of rele-
vant coefficient of soil moisture content and soil moisture diagnos-
tic index with the addition of wavelength. The soil moisture diag-
nosis index had distinct relevance to soil moisture content at the
waveband of 8.1 -9.1, 11.3 -12.7, and 12.9 -13.4 pm.

According to the comparative analysis of R” in Table 2, the
fitting of quadratic function of moisture diagnosis index between
8.194 and 8.279 pm and soil moisture content was the best. Con-
sidering the F value, the logarithm function model was the best.
The study chose logarithm function in the end, which can explain
the moisture variance of 76. 6% . Based on the variation analysis

of the model, the maximum value of absolute error was 11. 0%
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and the minimum value was 0.5% , while the average relative er-
ror was 14.3% . According to the prediction evaluation in Fig. 3,

the average relative error was 26. 2% and the predicted precision

L0

N
8.6 9.3 10.2 V112 12.4 139

Wavelength ff um

Relevant coefficient

Fig.2 Relevance of soil moisture diagnosis index and soil mois-
ture content

was 73. 8% . Hence, there was logarithm relation between soil

moisture content and moisture diagnosis index.
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Fig.3 Measured value and predicted value of moisture in soil

sample

Table 1 The analytical result of most sensitive waveband of diagnostic index with different moistures

. . . Maximum positive Relevant Credibility Maximum negative Differential Credibility
Moisture diagnose index . .
relevance wave band // wm coefficient test relevant waveband // pm coefficient test
€ 8.194 0.852 ® ok 12.317 -0.715 ® %
& Differential coefficient 8.683 0.598 Y 11.045 -0.628 EEY
& Difference 8.706 0.639 * ok 11.083 -0.672 *
/e 8.237 0.871 ® ok 12.964 -0.860 * %
Note: * * passed the relevance test at a credibility level of @ =0.001.
Table 2 Fitting model of soil moisture content and moisture diagnosis index
Moisture diagnosis index x Model types Fitting model equation R F value
S/;g. 194 —8.279 pm Linear y=2.929 x -2.654 0.764 155.593
Logarithm function y=2.952 In(x) +0.276 0.766 156. 881
quadratic function y=21.652 x> =9.292x) —12.076 0.769 78.441
Power function y=0.257 x) " 0.643 86.325
Exponential function y=3.21E -006 e"*"* 0.639 84.957
8/;12_ 860 —13.070 pum Linear y= —3.018x +3.249 0.725 126. 653
Logarithm function y=-2.935In(x) +0.231 0.722 124.573
quadratic function y =29.274x" - 16. 552x +12. 487 0.742 67.494
Power function y=0.216x"""% 0.588 68.511
Exponential function y=3301.66 ¢ """ 0.593 69. 878
3 Discussion and conclusion mal constant to monitor the surface soil humidity'"". Zhang Ren-

3.1 Discussion Watson et al. firstly proposed the simple mode
of using daily difference of surface temperature to deduct thermal
constant and applied the model successfully™™. Price suggested
ATI concept and used thermal infrared radiation temperature to
calculate moisture in soil”. England put forward RTI notion and
throught RTI had better sensitivity to moisture in soil than ATI"".
The moisture in soil was applied to naked soil and low vegetation
coverage soil. Under the condition of entire vegetation coverage,
Idso and Jackson came up with CWSI concept to monitor the effi-
cient moisture in soil’® 7', Moran et al. popularized the index into
partial vegetation coverage condition and proposed WDI'®. Nema-
ni et al. studied the sensitivity to changes of Ts/NDVI'’. Sand-
holt et al. used simplified Ts/NDVI space to surveillance moisture

in farmland"’. Liu Xingwen et al. raised the idea of using ther-

hua et al. brought forward the thermal constant mode the consid-
ered surface thermal constant and potential heat flux'"*’. Xiao
Qianguang et al. introduced the notion of maximum information
layer of remote sensing soil moisture based on introduction equa-
tion and found comprehensive soil moisture statistic model'™’. Sui
Hongzhi et al. used NOAA/AVHRR data to calculate thermal
constant and get the singular linear relation of thermal constant

]

and soil moisture™’. Yu Tao improved the way to calculate the

soil surface thermal constant and realized the calculation of ther-

mal constant based on AVHRR image'"”’

. In order to improve the
precision of soil moisture, Chen Huailiang et al. analyzed different
types of geographic samples and soil texture under the support of
GIS, eliminated the influence of soil texture and improved surveil-

lance precision!"™". Zhang Renhua et al. established surface
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evaporation remote sensing information based on micro thermal
constant and eliminated the disturbance of distinct heat and poten-
tial heat transportation'™ . Zhang Kehui et al. formulated different
kinds of models like NOAA/AVHRR'"'.

considered the vegetation index and modified the thermal constant
20

Yang Baogang et al.
value™’. The thermal constant method and the temperature vege-
tation index method were based on the relation of temperature and
soil moisture. There are few studies on the relation of emission
rate and soil moisture, another important parameter of thermal ra-
diation. Salisbury et al. discussed the relation among thermal in-
frared spectrum characteristics, organic content in soil, parameter
of soil particles and moisture in soil. They believed the linear rela-
tion of the ratio of the tenth waveband and fourteenth waveband
and moisture in soil®’. Xiao Qin et al. analyzed the characteris-
tics of thermal infrared emission rate in the field and believed that
the emission rate between 8.0 and 9.5 pum with the addition of
moisture in soil. The thermal infrared spectrum data reflected the
moisture in soil ', Through study of soil emission rate and mois-
ture, Xue Hui believed that the soil emission rate at the wave-
length of 9.076 and 9.368 pm was sensitive to moisture .

The study proved that at the waveband from 8.0 t0 9.5 pum,
with the addition of moisture in soil, the emission rate of thermal
infrared emission rate increased, which was consistent with previ-
ous study. The addition of moisture in soil led to flat spectrum of
emission rate between 8.0 and 9.5 pwm and weakened reststrahlen
assimilation characteristics. Meanwhile, with the addition of mois-
ture in soil, the thermal infrared emission rate dwindled to differ-
ent degrees. There was an assimilation valley around 12. 7 pm and
the depth of assimilation increased with the addition of moisture in
soil. The moisture in the soil and the emission rate was the most
sensitive at the wavelength of 8. 194 pum. The standardization of
the emission rate can weaken the influence of background informa-
tion, the roughness of soil, the sensor and geometric location, and
can improve the precision. The study used the mean value of out-
put to replace the emission rate of sensitive wave length, and im-
proved the stability of model. Besides, the spectrum characteris-
tics of thermal infrared emission rate of other physical factors of
soil need further experiment to determine the practical significance
of the moisture evaluation model, which lays foundation for the de-
duction of moisture content in soil through thermal infrared reflec-
tion rate.

3.2 Conclusion Based on the indoor experiment, the spectral
characteristics of soil emissivity in laboratory were expounded.
Firstly,in the region of 8.0 —9.5 pm, along with the increase of
soil moisture content,the emissivity of soil increases to varying de-
grees. The spectral curves are parallel relatively and have a tend-
ency to become horizontal and the absorbed characteristic of rest-
strahlen is also weakened relatively with the increase of soil mois-
ture in this region. Secondly,in the region of 11.0 —14.0 pm,the
emissivity of soil has a tendency of increasing. There is an absorp-
tion value near about 12.7 pm. As the soil moisture content in-

creases , the depth of absorption also increases.

Through the calculation, it was deduced that the sensitive
wave length to diagnose the moisture in soil was 8.237 wm and the
sensitivity ranged from 8. 194 to 8.279 pwm. The model was y =
2.952 In(x) +0.276. The study provided scientific basis for the
configuration of wave length of detector and provided new path for

the fast determination of moisture in soil.
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(From page 85)

the development of special database on urban agriculture in our
country. Upon completion of the special database, the library
will strengthen the promotion and updating maintenance work for
the special database to better serve the teaching research and lo-

cal economic construction.
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