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Abstract—The present study aims at understanding the
inf uence of salinity on the dielectric constant of soils
and then on the backscattering coeff cients recorded by
airborne / spaceborne SAR systems. Based on dielectric
measurements performed over hyper-saline deposits in
Death Valley (CA), as well as laboratory electromagnetic
characterization of salts and water mixtures, we used
the dielectric constants as input parameters of analytical
IEM simulations to model both the amplitude and phase
behaviors of SAR signal at C, and L-bands. Our analytical
simulations allow to reproduce specif c copolar signatures
recorded in SAR data, corresponding to the Cottonball
Basin saltpan. We also propose the copolar backscattering
ratio and phase difference as indicators of moistened and
salt-affected soils. More precisely, we show that these
copolar indicators should allow to monitor the seasonal
variations of the dielectric properties of saline deposits.

Index Terms—ALOS/PALSAR, AIRSAR, evaporites,
copolar phase difference, Death Valley, IEM, radar
backscattering, salinity, SAR, soil moisture, SIR-C.

I. INTRODUCTION

SOIL salinization in arid and semi-arid regions
still remains one of the most important threats

not only for socio-economical issues when dealing
with water ressources management, but also for
ecological matters such as: desertif cation, climate
changes, and biomass reduction. Then, monitoring
and mapping of soil salinity distribution represent
today a key challenge in our understanding of such
environmental processes.

Being highly dependent on the dielectric
properties of soils, synthetic aperture radar (SAR)
appears to be an eff cient tool for the remote
sensing of hyper-saline environments [1]-[4]. More
precisely, the inf uence of saline deposits on SAR
imagery lies in the solubility and ionic properties
of the minerals which strongly inf uence both real
and imaginary parts of the complex permittivity
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of such deposits, and thus the radar backscattering
coeff cient [5]-[7].

Although some studies focused on the
establishment of dielectric mixing model taking into
account the salinity effect [8]-[10], few attempts
have been performed to describe the inf uence of
salinity on the radar backscattering coeff cient [5],
[11], [12]. Moreover, very little study have been
done on the large amount of available SAR data
[1]-[4].

Based on temporal series acquired with
spaceborne SAR systems (ALOS/PALSAR, SIR-
C) over the Death Valley (CA), we show that
the copolarized backscattering ratio and phase
difference derived from SAR data can be used
as suitable indicators to monitor the dynamics of
hyper-saline deposits. In particular, we propose
these copolar parameters to follow the variations
in the dielectric properties of moistened and
salt-affected soils on a seasonal time scale because
of the close relationship between the salinity
(governed by the soil moisture content) and the
complex permittivity of the soils. We also highlight
a strong temporal correlation between the copolar
parameters and weather data since precipitation
events control the soil moisture and salinity.

In order to allow for a better interpretation of
the saline deposits signatures observed on SAR
data, we also perform analytical simulations of the
radar backscattering associated with saline deposits
by means of the IEM scattering model. Using
laboratory and in situ dielectric measurements
as input parameters, we simulate the copolar ratio
and phase difference as function of the complex
permittivity and surface roughness. Successfully
reproducing the observed signature, our results
indicate that the analysis of SAR data could also
account for the monitoring and understanding
of seasonal changes of evaporitic basins through
a close correlation between the soil moisture
and surface roughness related to the desiccation
processes.
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Such results are of great interest for soil salinity
monitoring and the detection of small amounts of
subsurface water mixed with evaporites, not only
for arid terrestrial surfaces but also for planetary
missions, particularly the exploration of Mars.

II. PROBLEM OF SALINITY

In microwave remote sensing, it is now well
known that the radar backscattering coeff cient of a
target is highly sensitive to its electrical properties
through the permittivity and the conductivity, that
is the complex dielectric constant of the material,
[13]-[14]. While the inf uence of moisture on
the backscattering coeff cient has been extensively
investigated over the last two decades [15]-[19], few
attempts have been performed in order to describe
the effect of salinity on the radar backscattering [2],
[5], [11] - [12], [20]. Moreover, very little study has
been performed on the large amount of available
SAR data (ERS, JERS, RADARSAT, SIR-C/X-
SAR, AIRSAR, and ALOS/PALSAR) [2]-[4], [12],
[21] - [22]. Based on laboratory measurements,
Shao et al. [3] conf rmed that the frequency
and the salinity of soils have little inf uence on
the real part of the dielectric constant while the
imaginary part is strongly affected by both salinity
and moisture of soil samples, especially in the
[1-6GHz] frequency range. Using RADARSAT-1
images, these authors also highlighted a strong
correlation between the backscattering coeff cient
extracted from SAR data and the imaginary part of
the complex permittivity, simultaneously measured
on soil samples of the illuminated scene. More
recently, based on RADARSAT-1 images acquired
over the Wadi El-Natrun site (Egypt), Aly [2]
proposed a parametric formulation in order to
evaluate the ability of RADARSAT-1 SAR system
to monitor the salt content of soils by means of
the combination of three SAR modes (S1, S3, and
S5), without any use of backscattering models.
Using ERS-1 images acquired over the Chott El
Djerid (Tunisia), Wadge et al. [4] investigated the
potential of the ERS-1 SAR system to infer the
evaporation rate for this widespread hyper-saline
environment. Assuming an empirically derived
relationship between radar backscatter and surface
roughness, due to evaporation resulting in halite
crystal eff orescence, these authors converted the

ERS-1 backscatter time series into rates of halite
growth. Under the assumption that the temporal
change of roughness is proportional to the increase
of halite mass derived from evaporation, they
estimated the volume of water evaporated during
the halite crystal crust layer formation. They shown
that the evaporation rates derived from radar data
are two to three times those measured on the pan.
If they suggested additional surface roughening
agent(s) to account for the overestimation of
evaporation by their radar method, an alternative
explanation would be an underestimation of the
dielectric properties of the Chott El Djerid saltpan.
Using AIRSAR data acquired over Alligator
River Region in Australia, Bell et al. inferred
estimates of the complex permittivity for soil
salinity discrimination based on the analysis of the
copolar correlation coeff cient. All these studies
highlight the importance of salinity in microwave
remote sensing.

III. AIRBORNE AND SPACEBORNE SAR DATA
ANALYSIS

In order to assess the inf uence of saline
deposits on SAR imagery, several sets of SAR
images were considered. The f rst data set was
acquired by the SIR-C spaceborne system which
provides us with a temporal series for April and
October-September 1994 periods at both L- and C-
bands. The second one was obtained by means of
the airborne AIRSAR sensor on April 10, 1994 at
P-, L-, and C-bands. Additionnally, we considered
a recent temporal series acquired by the japenese
ALOS/PALSAR sensor at L-band, providing 6 sets
of SAR images between 2006 and 2008. Figures
1 and 2 display AIRSAR and SIR-C images corre-
sponding to the test site under consideration (saltpan
of Cottonball Basin in Death Valley), while Figure
3 displays an example of the copolar parameters ex-
tracted from the SIR-C PR11317 data. The saltpan
can be clearly observed in all Figures.

Table I summarizes the mean values of the
copolarized ratio and phase difference extracted
from spaceborne and airborne SAR data correspond-
ing to the test site area (black polygon).

The copolar ratio suggests a seasonal effect
related to a change in soil moisture. For SIR-C data,
it can be clearly observed that σhh/σvv increases
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Fig. 1. AIRSAR cm6507 image of Death Valley displaying the
total power recorded in the three frequencies: P-band (red), L-band
(green), and C-band (blue). (Credit: NASA/JPL).

Fig. 2. Temporal series of L-Band SIR-C images for HH polar-
ization [dB]. The acquisition dates are April 16

th (PR11317, top)
and Spetember 30

th (PR50315, bottom), 1994. Cottonball Basin is
clearly observed in the center of the images, revealing a specif c
signature at the location of saline deposits (arrow).

between April and September for both C and L-
bands. According to the yearly distribution of the
precipitation, such an increase can be related to the
weather and climatic conditions described in [23],
[24]. During the wet season (April), the precipitation
events lead to high soil moisture content, combined
with small roughness parameter: the surface sodium
chloride crust is dissolved by fresh water discharges.
Such low roughness conditions better separate HH
and VV behaviours, we then logically observe the
smallest copolarized ratios in April on SAR data.
On the contrary, during the dry season (September),
the low soil moisture conditions, coupled to the
desiccation of the crystal crust layer, lead to an
increase in surface roughness. According to [25] and
[26], such an increment in the roughness parameters
should lead to an increase in the σhh/σvv, since for
rough surfaces the isotropic scattering distribution

Fig. 3. Copolar backscattering ratio (top) and phase difference (bot-
tom) derived from the SIR-C PR11317 acquisition. Typical σhh/σvv

and φHH−V V signatures can be clearly observed and related to the
presence of saline deposits delimited by the black polygon.

leads to the same HH and V V backscattering
coeff cients. As expected, σhh/σvv presents an in-
crease in September. The stronger increase observed
for C-band compared to L-band can give some
information on the roughness parameters, since the
roughness effect is stronger at scales on the order
of the wavelength. In summary, variations of the
copolarized ratio ref ect the seasonal variation of the
rainfall through the dependency of σhh/σvv on the
soil moisture content and surface roughness.

As shown on Fig. 4, such a correlation between
the copolar parameters and the weather data also
clearly appears on the ALOS/PALSAR temporal
series. It can be clearly observed that the increase in
σhh/σvv corresponds to the dry season (low rainfall
associated to high wind speed and high temperatures
leading to high evaporation rate). As previously
mentioned, the resulting desiccation effect lead to
higher surface roughness parameters suitable to in-
crease in σhh/σvv. On the contrary, following the
wet season, a decrease in σhh/σvv can be observed.

Dealing with the copolar phase difference, we
showed in previous studies that this phase signal
could be used as a moisture indicator [27], [28].
Since the expression of φHHV V is derived from
the copolar backscattering coeff cients, the different
behavior of the backscattering coeff cients in each
copolarized mode, as revealed by σhh/σvv, can
impact the phase signal. We then proceeded with
the same analysis for φHHV V as the one performed
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Fig. 4. Correlation between the copolar parameters extracted from
the temporal ALOS/PALSAR series and the weather data provided
by the USGS.

TABLE I
MEAN VALUE OF THE COPOLARIZED PARAMETERS EXTRACTED
FROM SIR-C AND AIRSAR IMAGES FOR C- AND L-BANDS.

SIR-C σhh/σvv φHHV V Frequency Date of Flight
PR11318 0.23 11.5◦ C-Band 04/16/1994
PR17826 0.23 10.4◦ C-Band 04/16/1994
PR44393 0.48 6.8◦ C-Band 09/30/1994
PR50316 0.49 7.6◦ C-Band 09/30/1994
PR11317 0.33 24.2◦ L-Band 04/16/1994
PR17825 0.32 23.4◦ L-Band 04/16/1994
PR44392 0.43 10.1◦ L-Band 09/30/1994
PR50315 0.42 10.8◦ L-Band 09/30/1994
AIRSAR σhh/σvv φHHV V Frequency Date of Flight
cm6507 0.13 14.6◦ C-Band 04/10/1994
cm6838 0.13 16.3◦ C-Band 04/10/1994
cm6507 0.25 33◦ L-Band 04/10/1994
cm6838 0.23 35.1◦ L-Band 04/10/1994

for the copolar ratio.
From Table I and Fig. 4, a strong correlation

between the radar phase signal and the copolar ratio
can be observed as well as a strong dependency on
the seasonal data. For each frequency, φHHV V ap-
pears to vary inversely to σhh/σvv. As an example,
for the SIR-C L-band data, φHHV V decreases from
24◦ to 10.5◦ for an increment in σhh/σvv from 0.32
to 0.43. The same observation can be done for C-
band. Variations in φHHV V is also related to the
weather and climatic conditions as shown on Fig.
4. Such a variation supports the assumption of [27]
and [28], that is the copolar phase signal is related
to the moisture content of soils: the highest the soil
water content, the highest the radar phase difference.

IV. COMPARISON TO ANALYTICAL IEM
SIMULATIONS

In this section, we compare the values gener-
ated by a 2-layer IEM scattering model with those
derived from SIR-C and AIRSAR images in order
to better understand the inf uence of salinity in
SAR imagery. The comparison is split up into April
and September cases. Moreover, depending on the
season, we considered both roughness parameters
and complex permittivities related to each layer
according to measurements performed in situ and in
laboratory. All the measured and computed copolar
ratios and phases are reported in Table II.

Considering the wet case, it can be seen that
the IEM simulations predict copolar ratio in good
agreement with values derived from L- and C-band
SIR-C data. As far as the AIRSAR simulations
are concerned, if we observed good agreement for
C-band, some discrepancies occur when consider-
ing the L-band frequency, with an underestimated
copolar ratio. According to the IEM simulations,
such a ratio suggests higher soil moisture content
leading to higher dielectric properties than the one
expected, since σo

hh
/σo

vv
was shown to decrease

with increment in complex permittivity.
If the IEM simulations provide good agreement

for the values extracted from SAR data for the wet
period, they tend to overestimate σo

hh
/σo

vv
for the

dry period. Assuming the L, and C-band dielectric
properties of the dry NaCl layer measured over
the saltpan as representative of the ones occurring
during the dry period, the 2-layer IEM simulations,
with respect to SIR-C parameters, predict a higher
σo

hh
/σo

vv
. Such a discrepency could be explained by

the multiple scattering term we didn’t consider, and
that should lead to a decrease in σo

hh
/σo

vv
, since

such a term has shown to differentiate the hh and
vv backscattering coeff cients [28].

Compared to the L- and C-bands SIR-C data,
the IEM simulations of the copolar phase difference
allow to correlate the variations of φHHV V to
the seasonal variations of the dielectric properties
due to changes in soil moisture between April and
September. The theoretical dynamic of φHHV V

between April and September presents the same
behavior as the one observed on the SIR-C images
although the simulated copolar phase predicts an
higher increase than the one observed on SIR-C
images. This difference can be explained by the
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TABLE II
COMPARISON BETWEEN THE COPOLARIZED RATIOS σhh/σvv AND PHASE DIFFERENCES φHHV V EXTRACTED FROM SIR-C/X-SAR

AND AIRSAR IMAGES AND THE ONES DERIVED FROM IEM SIMULATIONS AT BOTH C- AND L-BANDS.

April Season σhh/σvv (C-band) φHHV V (C-band) σhh/σvv (L-band) φHHV V (L-band)
SIR-C SAR Data 0.23 10.4◦-11.5◦ 0.32-0.33 23.4◦ -24.2◦

SIR-C (IEM) 0.23 9◦ 0.29 26◦

AIRSAR SAR Data 0.13 14.6◦-16.3◦ 0.23-0.25 33◦ -35.1◦

AIRSAR (IEM) 0.15 15◦ 0.2 - 0.21 32◦

September Season σhh/σvv (C-band) φHHV V (C-band) σhh/σvv (L-band) φHHV V (L-band)
SIR-C SAR Data 0.48-0.49 6.8◦-7.6◦ 0.42-0.43 10.1◦ -10.8◦

SIR-C (IEM) 0.64-0.68 < 4◦ 0.50-0.54 < 6◦

underestimation of the copolar phase difference in
September, since the multiple scattering term hasn’t
been considered. As demonstrated in [28], multiple
scattering will contribute to depolarize the incident
wave, leading to an additional phase difference term.
According to the roughness parameter dimensions,
multiple scattering have then to be taken into ac-
count, especially for C-band simulations, and should
result in an increase of the copolar phase signal.

V. SUMMARY AND CONCLUSION
Based on temporal airborne and spaceborne

SAR series acquired over the saltpan of Death
Valley (CA), as well as on electromagnetic char-
acterization and analytical IEM simulations, we
highlighted the abilities of SAR system to follow
the dynamics of hyper-saline deposits, through the
variation in their soil moisture contents. Moreover,
assuming complex dielectric constants derived from
laboratory and f eldwork measurements as input
parameters for the IEM scattering model, analyti-
cal simulations allowed to reproduce the seasonal
variations of both the copolar backscattering ratio
and phase difference observed on SAR images, and
correlated to the saline deposits. Providing a fairly
good estimation of σo

hh
/σo

vv
and φHHV V derived

from SAR data, the IEM simulations also allowed
relating these specif c copolarized signals to the
seasonal variations of the complex permittivity of
soils, and conf rmed the dependency of the copolar
ratio and phase difference on both the moisture and
salinity of the soils.
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