<2 J.Edu. Sci, Vol. (19) No.(4) 2007 -

Effect of salinity on the microwave emission from dry
soil surface

Sabah Hussein Ali Jasim Khalaf Shallal
Remote Sensing Cente Agriculture and Forestry College

Manaf Ezzldien Al-Sabbagh
Electrical Engineering Department
University of Mosul

Received Accepted
29/10/2006 21/02/2007

(brightness temperature)

)
) (
(
(1.4GHz and 5GHz)
.(20.4¢°%)
(1.4GHz)
ABSTRACT

The goal of this study was to apply the concept of passive
microwave remote sensing to find the data set of microwave brightness
temperatures of the dry soil surface as a function of actual salinity factors
that influence the dielectric properties of the soil.
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From the agricultural point of view, salinity factor refers to the state of
accumulation of the soluble salts in the soil. In many area, this factor
limiting plant growth (such as sodium chloride).

The measurements of the dielectric permittivity were conducted
using shorted-circuited-waveguide technique at L-and C-band microwave
frequencies (i.e. 1.4GHz and 5GHz, respectively). The dielectric
properties of the salted soil samples were investigated at a
thermodynamic temperature of 20.4 c°.

The results show that the frequency of 1.4GHz (L-band) is more
effective frequency for study of the penetration depth of the soil surface.
Also the vertical polarized microwave signals is preferred to study the
variation of the emission characteristics of the dry soil with respect to the
salinity by using the microwave radiometric remote sensing techniques
especially at low microwave frequency.

Introduction

In remote sensing, microwave radiometric sensors are among the
most widely used techniques for the information acquisition of both soil
moisture content and soil salinity ref.(1, 2). Since both of these properties
will vary over an area, it is important when evaluating the capabilities of
remote sensing techniques to know how a single variable can be isolated
while the effects of the other are minimized .

Soil salinity is a worldwide phenomenon, it is classified as either
primary or secondary. Primary salting occurs naturally while secondary
salting is induced by human activities such as irrigated agriculture.
Secondary salinity is an insidious problem that may be undetected for
years until saline discharge is discovered at the soil surface. From the
agricultural point of view, salinity factor refers to the state of
accumulation of the soluble salts in the soil. Manmade factors are
responsible for saline conditions on about 77 million hectares globally of
which about 45 million hectares are in irrigated areas. Much of this land
lies barren and unused (ref.3).

The knowledge gained from the remote sensing techniques is
offering many insights to the causes of salinisation. This is aiding soil
scientists in the development of methods to predict sites most at risk of
salinisation according to the microwave emission properties of the study
area (ref.2).

However, in Iraq, Northern irrigation project in Rabe’a area is one of
the locations that considered to be an ideal area for study salinisation
problem in arid and semi-arid region.

The purpose of this paper is to study the microwave emission
properties of the dry soil at different actual salinity. Four samples of dry
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with different levels of salinity soil from (Rabe’a area) are adopted in this
study.

The relative dielectric constant of the soil samples were measured
laboratory by using short-circuited-waveguide techniques. The
measurements were made at microwave frequencies of 1.4GHz (L-Band)
and 5GHz (C-band).

Principle of Passive Microwave Remote Sensing
Passive microwave remote sensing is based on the measurement of
thermal radiation (referred to as brightness temperature) in the centimeter
wave band of the electromagnetic spectrum. This radiation is determined
largely by the physical temperature and the emissivity of the radiating
body which can be approximated by (ref.4):

TB ( p) = eST .................. 1
Where;

Ts= observed brightness temperature

T= physical temperature of the emitting layer
p= refers to vertical or horizontal polarization
e, =smooth-surface emissivity

S

This emissivity is further defined as (ref.5):

e.(P)=1L-Rs(P)) i 2

Where (RS) Is the smooth-surface reflectivity.
For a homogeneous soil with a smooth surface, the reflectivities at

vertical and horizontal polarizations, Rs() and Rs (h), are given by the
Fresnel expressions (ref.5):

R.(v) = £, C0s0 /¢, —sin26'|2 3
S gr Cose—‘rm‘ ---------------------

R (h) = cosd — /e, —sin20|2 4
S Cose—l—\/m‘ ----------------------

Where ¢ is the incidence angle (relative to the surface normal) and
¢, 1s the relative permittivity (represented the absolute value of the soil

bulk dielectric constant) which a measure of the response of the soil to an
electromagnetic wave.
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In this study, the measured brightness temperature is related to the
salinity and the dielectric properties of the dry soil at an actual physical
temperature of (20.4¢°).

Physical properties of the soil samples
Soil salinity and electrical conductivity properties:

Soil salinity, as a term, that refers to the state of accumulation of
the soluble salts in the soil. From the agriculture point of view, saline
soils are those, which contain sufficient soluble salts in the root zone to
adversely affect the growth of most crops (ref.3).

Soil salinity can be determined by measuring the electrical
conductivity of a solution extracted from a water-saturated soil paste.
Therefore, the soil can be described as a saline soils if the electrical
conductivity of saturation extract more than 4 dS/m at 25¢° (ref. 6).

Electrical conductivity (EC) can be defined as, the ability of a
material to transmit (conduct) an electrical current; it is an indicator for
the salinity in the soil. EC is commonly expressed in units of
millisiemens per meter (mS/m). Soil EC measurements may also be
reported in units of decisiemens per meter (dS/m)(which is equal to the
reading in mS/m divided by 100) or millimhos per centimeter
(mmhos/cm), (ref.7).

The EC of the soil samples adopted in this study were measured by
EC sensor (model: Multiline-F/set2).Some physical properties of the
studied soil samples have been also measured and calculated at Soil
Science and Water Department in Agriculture and Forestry college
/Mosul University. Table (1) shows the physical properties of the soil
samples as well as the geographical coordinates (measured by using GPS
receiver) of the each sample location.
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Table (1): The measured of some physical properties of the

adopted soil samples

Geographic Particles size
sNacr)ﬁO]cle al Location Land use dE/Cr:n distribution Tgr;:sre
P coordinates Clay | Silt | Sand
QR AL Tel-Esmar Cereal
1 ﬁ:jgggig Irrigation unit and 023 | 31 | 29 | 40 C.L
s N8 vegetable
2R A4 Tel-Talab Cereal
i:igﬁ‘:g Irrigation unit | cropand | 0.47 | 25 | 58 17
e F1 vegetable
Al-Mura,
—2R AN Main channel,
$=36:40:10 near Irrigation | Fallow | 39.1 | 31 | 62 27 Si.C.L
4=42:08:48 :
unit
01
2R AN Al-ganah
$=36:40:24 O :
1=42-07-19 Irrigation unit | Fallow 497 | 31 | 34 35
N2
Where:

¢=Latitude, and 2 =Longitude
and, the (Texture class) field represented the texture type according to
the USDA textural triangle chart as follow (ref.8):
C.L=Clay Loam
Si.L=Silty Loam
Si.C.L=Silty Clay Loam

Measurement of Dielectric property:

The dielectric properties of the soil are important to determine its
emission characteristics. The microwave dielectric constant of the soil
changes as a function of water content, in the same way the concentration
of salts in the dry soil also affects its microwave dielectric properties,
which in turn changes the emission (ref.9).

In general, the dielectric permittivity (&7) is a characteristic quantity
of a given dielectric substance, it is a complex function with real and
imaginary components and is defined as (ref.1):

g =g—j&"

where, the real part (¢') is often expressed as relative permittivity
(¢,), which is the ratio of the electric-field storage capacity to that of free
space. The relative permittivity is a frequency dependent variable. The
imaginary part (&") of the dielectric permittivity is usually expressed in
terms of dielectric losses, which include dispersive losses, as well as free-
water relaxation and bound-water relaxation losses.
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They have been several theoretical models and laboratory
techniques, which are used to estimate the soil dielectric properties
(ref.1).

In the present study, the short-circuited-waveguide technique have
been adopted. The ability of this technique for measuring dielectric
properties of materials at microwave frequencies is applicable to a wide
range of materials and has been used extensively.

In the shorted-circuited-waveguide technique, a slotted section is
used to measure the shift in minimum of a standing wave and the change
in standing -wave ratio. The minima of the standing-wave pattern occur at
intervals of one-half wavelength from the short circuit when the sample is
absent. When the sample is inserted in the front circuit, the minima shift
toward the short circuit.The principles of the dielectric properties
measurements by this technique was given in detail by (ref.10, 11).

The dry soil samples were acquired manually at the depths of (2-
5cm) form (Rabe'a area/Mosul). The dielectric properties of the samples
were measured and calculated at the microwave frequency of (1.4GHz
and 5GHz) in the Electrical Engineering Department/University of
Mosul. Each soil sample is form to fit tightly into the waveguide, and the
length of the sample (d=3cm) conform to the dimensions corresponding
to the approximate value of dielectric constant. Table (2) listed the
measured values of the real and imaginary parts of the adopted soil
samples as function of operating frequencies with acceptable level of
accuracy.

Table (2): The real and imaginary parts of the dielectric
permittivity for the adopted soil samples as a function of frequency

Sample no. er’quency:1.4G::z F;equency=56|;lf
1 4.324 0.003802 4.186 0.003583
2 4.021 0.0352 3.9785 0.0286
3 3.665 0.0227 3.4864 0.0194
4 3.792 0.0219 3.4784 0.014326

The attenuation coefficient, ¢, in nepers/m is defined in terms of the
operating wavelength (in meter), real and imaginary parts of the complex
dielectric constant, ¢" and ¢" respectively as (ref.12):

2r &' ",
=— —(G1+(=)" -1
a-= JZ( &) -1
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Then, the penetration depth (¢ ) of the soil can be calculated by
using the following relation:

5=1
a

Results and Discussion

In remote sensing science of soil, The dielectric properties of the soil
Is considered as an important parameter to determine the observed
emissivity which is a representative temperature of the soil layer that
should be used to interpret the measured brightness temperature by the
passive microwave sensors on board of satellites especially at low
microwave frequencies.

In this study, the variation of the soil dielectric properties were
measured as a function of salt concentration in the dry soil samples. The
salt concentration of each sample was measured and represented by
electrical conductivity.

Figures (land 2 ) shows the effect of the salinity on the real and
imaginary parts of the relative dielectric constant of the adopted soil
samples at the operating frequencies of 1.4 GHz and 5 GHz,
respectively. As shown from figure (1), the influence of salt (represented
as electrical conductivity) is manifested in the decreasing of values (&)
with increasing the electrical conductivity. For the case of non-saline
soil, the values of (¢') is relatively larger than the saline soil.

Figure (2) demonstrates the variation of (&”) with the electrical
conductivity (i.e., salinity). For non-saline soil (range of 0.23-0.47ds/m)
the value of (&) is linearly increasing, then it is deviating from its linear
dependence to be decreasing with increasing salinity. Form the figure (
2), it is possible to explain the decreasing behavior of the (¢") by the high
concentration of salinity without existence of water content. The absence
of water content leads to state of not progressive dissolving of the soil salt
and yield a decreasing in the expected value of (¢”) because the salt
molecules haven't the ability to align its dipole moment along the applied
field without the water content in the soil. Figures (1&2) gives a
relatively high values of (¢ands” ) for the frequency of 1.4GHz. Also at
the two operating frequencies, the real part is much larger than the
imaginary part of the relative dielectric constant.

The frequency dependence in the range up to 5GHz is little because
there is only little variability in the real part of the relative dielectric
constant as mentioned in (ref.3) and demonstrated in the experimental
results shown in figure (1). The marked frequency dependence of the
small imaginary part in this range influences only the penetration depth
which is related to the attenuation coefficient by equation (7). Figure (3)
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shown the variation of the attenuation coefficient with respect to the
electrical conductivity according to the measured values of (¢ands” ), The
resulted penetration depth was illustrated in figure (4). This figure shown
the frequency dependence of penetration depth, it is explain that the
frequency of 1.4GHz gives higher penetration depth than 5GHz. This
results is agreement with principle of the directly proportional of the
penetration depth with the (4/tand) as indicated in (ref.14) . The high
penetration of the microwave signal providing access to a significant
volumetric layer near the soil surface. Figures (3 and 4) shows relatively
small dependence of attenuation coefficient and penetration depth on the
electrical conductivity or salinity.

The microwave radiation from soil can be expressed, through the
Rayleigh Jeans law, by means of an equivalent brightness temperature at
both horizontal and vertical polarizations as given in equation (1). The
brightness temperature is related to the physical temperature of the soil
through an emissivity (equation (2)),. Figure (5) shows the variation of
the emissivity at the two polarizations ( horizontal and vertical ) with
respect to the electrical conductivity at the two operating frequencies.
Emissivity takes into account the part of emission reflected at the soil
surface, therefore it is strongly dependent on the dielectric properties of
the soil. In the vertical polarization, the values of emissivity for the two
frequencies is larger than that of the horizontal polarization.

Figure (6) demonstrates the dependence of the brightness
temperatures of soil samples on the salinity. As follows from a figure (6),
the variation of brightness temperature with the salinity of the dry soil is
relatively have similar shape at the horizontal and vertical polarization at
the two frequencies. It is connected that on the non- moisture soil, the
salts present in soil are in the not dissolved condition. The resulted
datasets shows approximately linear increasing in brightness temperature
with increasing electrical conductivity (i.e., increasing salinity ) at the
dual polarized microwave signal of the frequencies of 1.4GHz and
5GHz.

The brightness temperature at 1.4GHz is lower than the observed
brightness temperature at 5GHz. This is due to the relatively high values
of dielectric constant at this frequency. These results are in agreement
with those obtained by (ref.13) It is connected that on the non- moisture
soil, the salts present in soil are in the not dissolved condition.

Figure (6) indicates that the vertical polarization response of the
brightness temperature with the electrical conductivity is larger than the
horizontal polarization for the two operating frequencies. This result is
confirmed with the related researches dealing with applied of microwave
radiometric techniques for detecting moisture content and salinity of the
soil (ref.3,2).
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Finally, the study of the relation between electrical conductivity and
brightness temperature is a useful and inexpensive tool in remotely
sensed data with a suitable geographical information system(GIS) that
precision farmers can use to quickly and accurately characterize soil
difference within crop production fields.
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Figure (1): effect of salinity on the real part of the relative dielectric constant at
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Figure (2): effect of salinity on the imaginary part of the relative dielectric
constant at frequency of 1.4GHz and 5GHz
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L Conclusions

In the an outcome of conducted research the following are conclude:

1- The variation of the electrical properties of the soil samples with respect
to salinity are relatively similar in shape for both 1.4GHz and 5GHz.

2- The microwave frequency of 1.4GHz gives a better penetration depth
for the soil surface.

3- The vertical polarized microwave signals gives a significant results for
the soil emission characteristics of the soil surface.

REFRENCES

1. Van Dam, R.L., BORCHERS, B., Hendrickx, M.H., 2005," Methods for
Prediction Soil Dielectric Properties: A review", SPIE letter, vol.3, pp.1-
10.

2. Thomas, J.J., Peggy, E.O., 1987," Salinity effects on the microwave
emission of the soil", IEEE Transactions on Geoscience and
Remote Sensing, vol.GE-25, no.2, pp.214-220.

3. Al-khaier, F., 2003, "Soil Salinity Detection Using Satellite Remote
Sensing”, M.Sc.Thesis, International Institute for Geo-Information
Science and Earth Observation Enshed, The Netherlands, 61p.

4. Holmes, T., 2003, "Measuring Surface Soil Parameters Using Passive
Microwave Remote Sensing ", Vrije Universiteit, Amsterdam, HD-
No0.639.

5. Macelloni,S., Paloscia, P., Pampaloi, E., Santi, E., Tedesco, M., 2003,
"Microwave radiometric measurements of soil moisture in Italy",
Hydrology and Earth System Sciences, vol.7, no.6, pp.937-948.

6. Richards, L. A., 1954, "Diagnosis and improvement of saline and alkali",
Soil U.S. Salinity Laboratory DA, U.S. Dept., Agro. Handbook, 160p.

7. Doerge,T., Kitchen, N.R., Lund, E.D., 2005, "Soil Electrical Conductivity
Mapping", Site-Specific Management Guidelines, SSMG-30, available
at:www.ppi-far.org/ssmg.

8. Lillesand, T., Kiefer, RW., 1987, "Remote Sensing and Image
Interpretation ", John Wiley & Sons, Inc., U.S.A, 721P.

9. Kleshchenko, V.N., Kornar, S.A, Mironov, V.L., and Rornanov, A.N. 1998,
“Dielectric Properties of Salted grounds in Microwave Band”, available
at: kornarov@phys.dcn-asu.ru, accessed at: 12/ Jan./2006.

10. Nelson, S.O., Stetson, L.E., Schlaphoff, C.W., 1974, " A General Program
for Precise Calculation of Dielectric Properties From Short-Circuited-
Waveguide Measurements ", IEEE Trans. Instrumentation and
Measurement, vol.IM-23, no.4, pp.455-460.

11. Yonis, H.,, M., 1983. Some Effects of Sand and Dust Storms on lIraq
National Microwave Links. Msc. Thesis, University of Mosul, Electrical
Engineering Department.

12. Ulaby, F.T., Moore,R.K.,and Fung,A.K.,1986. Microwave remote sensing
active and passive. Vol.3,From theory to application ,Canada:Dedham
MA:Artech House,pp2020-2022.

12




Sabah Hussein, Jasim Khalaf & Manaf Ezzldien

13. Vyad, A. D., Trivedi, AJ., Calla, O.P.N., Rana, S.S., and Sharma,
S.B., 1988," Remote Sensing of moisture content over bare soil at
microwave frequencies"”, International Journal of Remote Sensing,
vol.9, no.2, pp.341-349.

14. Charles, E.,1987" Introduction to Physics Techniques of Remote
Sensing”, John Wiley & Sons, Inc.,413p.

13




