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Mapping the spatial distributions of the fluvial deposits in terms of particles size as well as imaging the
near-surface features along the non-vegetated aeolian sand-sheets, provides valuable geological informa-
tion. Thus this work aims at investigating the contribution of the dual-polarization SAR data in classifying
and mapping the surface sediments as well as investigating the effect of the radar incident-angle on
improving the images of the hidden features under the desert sand cover. For mapping the fluvial depos-
its, the covariance matrix ([C2]) using four dual-polarized ALOS/PALSAR-1 scenes cover the Wadi El
Matulla, East Qena, Egypt were generated. This [C2] matrix was used to generate a supervised classifica-
tion map with three main classes (gravel, gravel/sand and sand). The polarimetric scattering response,
spectral reflectance and temperatures brightness of these 3 classes were extracted. However for the aeo-
lian deposits investigation, two Radarsat-1 and three full-polarimetric ALOS/PALSAR-1 images, which
cover the northwestern sandy part of Sinai, Egypt were calibrated, filtered, geocoded and ingested in a
GIS database to image the near-surface features. The fluvial mapping results show that the values of
the radar backscattered coefficient (r�) and the degree of randomness of the obtained three classes are
increasing respectively by increasing their grain size. Moreover, the large incident angle (hi = 39.7) of
the Radarsat-1 image has revealed a meandering buried stream under the sand sheet of the northwestern
part of Sinai. Such buried stream does not appear in the other optical, SRTM and SAR dataset. The main
reason is the enhanced contrast between the low backscattered return from the revealed meandering
stream and the surroundings as a result of the increased backscattering intensity, which is related to
the relatively large incident angle along the undulated surface of the study area. All archaeological obser-
vations support the existence of paleo-fresh water lagoon at the northwestern corner of the study area,
which might have been the discharge lagoon of the revealed hidden stream.
� 2017 Production and hosting by Elsevier B.V. on behalf of National Research Institute of Astronomy and
Geophysics. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Background

Generating accurate maps for the surface and near-surface sed-
iments along the non-vegetated areas covered by fluvial and aeo-
lian interchange processes in terms of grains sizes, hidden
features can reveal valuable geological information (Gaber et al.,
2015). Usually, such maps are rarely available although they may
provide useful information about the aeolian and fluvial interplay,
and thus reveal clearly the depositional history of these sediments.
Meanwhile, the polarimetric studies of Synthetic Aperture Radar
(SAR) data became an important research topic since dual and full
polarimetric SAR data have become routinely available. Accord-
ingly, the use of polarimetric information of SAR data in mapping
the different surface land covers has been explored by many
researchers (Van Zyl et al., 1987; Van Zyl, 1989; Papathanassiou
and Buchroithner, 1993; Cloude and Pottier, 1997; Lee et al.,
1999; Zhang et al., 2011; Gaber et al., 2015). Several polarimetric
decomposition and classification theorems, which investigate the
radar backscattering mechanisms, were introduced (Cloude and
Pottier, 1996; Freeman and Durden, 1998; Yang et al., 1998;
Yamaguchi et al., 2005).
fluvial
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Fig. 1. The relationship between the incident angle (hi) and the radar backscattered
intensity (Mouginis, 2017).
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Moreover, the polarization signature, which investigates the
power, ellipticity degree (v) and orientation angle (w) of the
returned SAR signals from each land cover has been also used for
accurately discriminating between these land covers (Rignot
et al., 1992; Chen et al., 1996; Cloude and Pottier, 1997; Lee et al.,
1999; Ferro-Famil et al.; 2001; Barnes and Burki, 2006; Cameron
and Rais, 2006; Alberga, 2007; Gaber et al., 2015). Most of previous
works that have been performed for mapping the surficial sedi-
ments in desert areas were acquired using the full-polarimetric
SAR information (HH, HV, VH and VV) and very limited works have
discovered the contribution of the dual-polarization (HH and HV)
data to achieve the same objectives in mapping the surficial sedi-
ments based on their scattering response.

On the other hand, the penetration capability of SAR sensors
and the intensity of the backscattering returned waves depend
on the following: (1) characteristics of transmitted signals; wave-
length, polarization, incidence angle and look angle and (2) charac-
teristics of the imaged targets; surface roughness and dielectric
constant (e). The radar waves that penetrating the earth’s materials
are subjected to attenuation and in case of significant attenuation,
the waves will be damped rapidly until reaching the skin depth.
The depth of penetration is defined as the depth within a medium
at which the power of a propagating wave is equal to e�1 of its
power at the medium’s surface (Ulaby et al., 1982). The depth of
penetration (dp) is a function of the scattering and absorption
losses within a medium, and can be calculated by the following
equation (Ulaby et al., 1982):

dp ¼ k
4p

1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
½1þ e00

e0
� �2�12 � 1

� �
� e0

2

s ð1Þ

where k is the wavelength in free space and e0 and e00 are the real
part and imaginary part of the dielectric permittivity of the med-
ium. The depth of penetration (dp) represents the maximum depth
within a medium that can contribute to the backscattering coeffi-
cient. In a medium with good conductivity, the depth of penetration
could be expressed by the following equation (Ghasemi et al.,
2016):

dp ¼ 1ffiffiffiffiffiffiffiffiffiffiffiffiffi
pflr

p ð2Þ

where dp, f, l and r represent the depth of penetration, frequency,
medium permeability, and medium conductivity, respectively, and
all are in metric units. Since dp is inversely proportional to the
square root of the frequency (wavelength), hence it reduces by
increasing the frequency (shorter wavelength). Evidently because
of high value of dp, propagation of radar waves is limited and rather
difficult in materials with high dielectric constant. In addition,
Lusch (1999) stated that the penetration depth (dp) is directly
related to the wavelength (longer wavelength penetrate more),
inversely related to the dielectric constant of the medium and
inversely related to the incidence angle (tanhi), which means the
lower incidence angles the more depths would be penetrated by
radar waves and expressed by the following equation:

dp ¼ k
pe tan h

ð3Þ

where dp, k, e, and (hi) represent the depth of penetration, wave-
length, dielectric constant of the medium, and incidence angle,
respectively. Furthermore, it has been proven that there is a good
relationship between the local incident angle and the intensity of
the radar backscattered returned wave from the targets and it is a
function of its structural and dielectric properties (O’Grady et al.,
2013). Mouginis (2017) stated that, the smooth surfaces act like a
mirror when the incident angle (hi) is small. The opposite is true
Please cite this article in press as: Gaber, A., et al. Investigating the use of the d
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for rough surfaces, which means for the rough surfaces the
backscattered radar return will be increased by increasing the inci-
dent angle (Fig. 1). Consequently, this is enhancing the contrast
between the low backscattered return from targets and the rela-
tively high backscattered radar return from the surroundings.

The investigators who used the space-borne SAR data to image
and map the near-surface features, which are covered by the
wind-blown dry sand of Eastern Sahara, they imaged details of hid-
den drainage patterns, paleo-lakes aswell as faults that underlie the
sand sheets (McCauley et al., 1982; Elachi et al., 1984; Schaber et al.,
1986; Farr et al., 1986; Schaber et al., 1987; Abdelsalam et al., 2000;
Robinson et al., 2000; Paillou et al., 2003, 2006, 2009, 2010; El-Baz
et al., 2007; Ghoneim et al., 2007; Gaber et al., 2015; Paillou, 2017).
All of those investigators agreed that, in very dry soils with low
electrical loss materials such as desert sand, SAR is able to probe
the subsurface down to several meters (Elachi et al., 1984; Farr
et al., 1986; Paillou, 2017). However few of those investigators have
talked in details about the contribution of the radar incident-angle
(hi) in improving the penetration capability and the intensity of the
backscattered radar returns with a clear example.

Thus this work aims at; (1) investigating the contribution of the
dual-polarization (HH and HV) SAR data to classify and map the
surface sediments in terms of grain sizes in East Qena, Egypt and
(2) introducing a real world example of the relationship between
the radar incident-angle and the penetration depth with the
amount of radar backscattered returns along a non-vegetated
desert area covered by dry sand at the Northwestern part of Sinai
Peninsula, Egypt.
2. Descriptions of the selected study areas

Two different case studies were selected to carry out this
research. The first case study is covered by fluvial deposits, while
the second one is covered by aeolian sand. The detailed descrip-
tions of these sites are in the next section.

2.1. Wadi El Matulla, East Qena (1st case study)

In this case study, the selected area extends from the Red Sea
Mountains to the Nile Valley between longitude 32�480E and
ual-polarized and large incident angle of SAR data for mapping the fluvial
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34�200E and latitude 25�250N and 26�200N (Fig. 2). It covers approx-
imately an area of 7500 km2, which is a vast valley extends west-
ward to about 130 km from its eastern upstream and named
Wadi El Matulla. It has an E-W trend and gently dips to the west
until it joins the Nile River at Qift City. Its major tributaries includ-
ing Wadi El-Hammamat, Wadi Zaidun, Wadi El-Mishash, and Wadi
El-Muweih. It is covered by the basement complex on the eastern
side and constitutes the upstream of Wadi El Matulla (EGSM,
1987). However, the western part is represented by Cretaceous/
Tertiary sedimentary rocks unconformable with the underlain
basement complex. Finally, the wadi deposits (Pliocene-
Pleistocene), which is our interest; cover the lowest relief parts
along the study area (Fig. 2).
Fig. 3. Optical satellite image showing the feature-less sand sheets along the
Northwestern part of Sinai.
2.2. Northwestern Sinai (2nd case study)

The northwestern part of Sinai Peninsula comprises of five dis-
tinctive geomorphologic units; the coastal area, El-Bardawil
lagoon, aeolian sand, sand dunes and salt marshes and sabkhas
(Al Hussein et al., 2012). It is entirely covered by Quaternary sedi-
ments of aeolian and alluvial origin, which show a variation in
their texture and composition ranging from unconsolidated sands
to silt and clay (Fig. 3). The sand dune deposits are deflected and
diverted from northwest to southeast direction due to the local
winds regime. The sabkhas are situated in low-relief areas between
hummocky surfaces and sand dunes as a result of high evaporation
for the shallow groundwater and occasional rainfall water. The
study area has a slightly undulated surface of sand dunes. In this
case study, different radar images were used to investigate the
relationship between the incident angle and the intensity of the
Fig. 2. Landsat-8 image of the Wadi El Matulla, East Qena City, and the red polygon shows the entire watershed surrounding the wadi.
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radar backscattered returns as a challenge to improve the contrast
between the different targets and image the near-surface feature
that might be hidden under the sand sheet.
3. Materials and methods

3.1. Characteristics of the used satellite dataset

In the first case study, Images from Landsat-8 and ALOS/
PALSAR-1, which cover Wadi El Matulla, East Qena were used.
The reflectance thermals bands of Landsat-8 indicated by path/
row: 174/042 that acquired on February, 2nd, 2014 were used. In
addition, four SAR dataset of ALOS/PALSAR-1 scenes (IDs:
ALPSRP246050500, ALPSRP246050510, ALPSRP256990500 and
ALPSRP256990510) were used with dual polarization (HH & HV),
ascending orbit, product level 1.1, acquired on 6-September and
20-November 2010, with a right pointing antenna with range spac-
ing 9.4 m and azimuth spacing 3.2 m and calibration factor �83 dB
and incident angle ranging from 36.5� (near-range) and 40.1� (far-
range). In addition visual assistant from Google Earth was carried
out in order to evaluate the classification accuracy.

In this second case study, two adjacent and overlapped
Radarsat-1 C-band images acquired in July 31st and August 7th,
2000 were used. These images were acquired in descending mode,
HH polarization, right looking direction, 12.5 m pixel size, one look
count, WD2mode, 16 bits integer and with slant range to first pixel
around 903649.4 m and incident angle ranging from 30.4� (near-
range) and 39.8� (far-range). In addition, three full-polarimetric
ALOS-PALSAR-1 L-band images acquired in April 8th, 2009, orbit/
frames (17078/590, 17078/600 and 17078/610) were ordered.
The acquisition characteristics of these images are in ascending
mode, right looking, 7 look count, slant to first pixel around
750483.1 m, pixel size 9.4 m in range-direction and 3.5 m in
azimuth-direction and incident angle ranging from 22.7� (near-
range) and 25� (far-range).

For the optical data, the Landsat-7 and -8 images were used. The
images of the years; Dec. 11, 1999, Feb. 22, 2000 of landsat-7 and
Nov. 24, 2016 of landsat-8 with 30 m spatial resolution indicated
by path/row (176/093 and 175/039) were downloaded from the
public domain (http://earthexplorer.usgs.gov). However, in order
to automatically extract the surface running drainage patterns
and their watersheds along the study area in this second case
study, the Shuttle Radar Topographic Mission (SRTM) dataset
was used. In addition to the space-borne data, the geological, geo-
morphological and topographical maps of Sinai Peninsula were
also used, geocoded and stored in a GIS database to prepare these
layers for subsequent surface and subsurface correlation analysis.
3.2. Remote sensing data processing

3.2.1. First case study
In this case study, an integrated use of the free software; polari-

metric SAR Data Processing and Educational Toolbox (PolSARPro)
and NEST together with the commercial software; ENVI-5.1 and
ArcGIS were used to process the dual-polarimetric (HH and HV)
PALSAR data. Each PALSAR image was individually imported to
the PolSARPro software and then multilooked process was applied
using one time in range and five times in azimuth direction. Subse-
quently, speckle noise was reduced by applying a 7 � 7 Lee-refined
filter, followed by conversions to the 2 � 2 covariance matrix
([C2]). Such [C2] matrix was used for deriving the polarimetric
information and H/A/Alpha Decomposition (Cloude and Pottier,
1997) to investigate the radar scattering response of the different
rock units, which cover the wadi deposits along the study area
for accurately discriminating between them.
Please cite this article in press as: Gaber, A., et al. Investigating the use of the d
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The obtained [C2] matrix as well as the three layers of the
entropy (H), anisotropy (A) and alpha angel (a�) were ingested in
NEST software to geocode all these layers using map projection
information as WGS84, UTM zone 36N and finally mosaic the 4
scenes of each layer and export them into a common GeoTiff for-
mat. The geocoded and mosaicked [C2] matrix was used in ENVI
to stack its 4 components and generate a supervised classification
map using predefined training sites derived from the, geologic
map, field and Google Earth. In addition, the mean and standard
deviation of the entropy, anisotropy and alpha values of each class
of the generated supervised classification map were calculated in
order to examine the dominant and the secondary radar scattering
mechanism. This definitely helps to accurately differentiate
between the obtained three classes (gravel, gravel/sand and sand).
Aforementioned estimation has been done using the zonal statis-
tics as table of the ArcGIS software, which spatially correlates
two different layers and extracts information about each class from
the other one.

Finally the reflectance bands (0.443–2.201 mm) and thermals
bands (10.9–12 mm) of Landsat-8 were used in ENVI to calculate
the average reflectance curve and land surface temperature curve
of each class that was obtained from the aforementioned process-
ing steps by automatically calibrating the multispectral bands into
the top of atmosphere reflectivity and the thermal bands into
brightness temperature using ENVI-5.1 software.
3.2.2. Second case study
The two Radarsat-1 images were filtered using refined Lee filter

using 5 � 5 window sizes to reduce the speckle noise and keep the
details of the images. Consequently, these filtered Radarsat-1
images were automatically geocoded using the MapReady free
software and exported into Geotiff format to be ingested in ArcGIS
software. The others three full-polarimetric ALOS/PALSAR-1
images were converted from slant-range into ground-range resolu-
tion by applying the multiloock process using 7 looks in azimuth
direction and 1 look in range direction. Then, these multilooked
PALSAR data were calibrated, filtered, geocoded and mosaicked
to generated 4 different images corresponding to the 4 different
polarizations (HH, HV, VH and VV). Finally, these different images
were imported in a GIS database in order to spatially correlate all
these datasets. A hidden meandering stream under the sand sheet
of the northwestern part of Sinai was clearly observed in only one
Radarsat-1 image. Thus an intensive comparison between the dif-
ferent radar images was carried out to understand the reasons
(mainly the contribution of the local incident angle) of why such
hidden stream has been revealed in only one radar image and does
not appear in the others images. The optical images were used here
for visual comparison, obtained visual information regarding the
surface roughness and generate change detection map for under-
standing the changes that occurred along the study area and might
hid the observed stream, especially this stream has been observed
in the Radarsat-1 image that was acquired in 2000 and this
research work was conducted in 2017. Thus the change detection
process was performed using the band math algebra of ENVI soft-
ware to know the amount of changes along the study area during
these 17 years’ time differences. This change detection map has
contributed a lot to locate the prober areas with no changes for
future field work confirmation.

In this study, the DEMworks aims at finding out if there are any
surface or near-surface drainage patterns that similar to the
revealed meandering stream. Thus, the eight directions model
(D8), which was first introduced by O’Callaghan and Mark (1984)
was performed. The streams were defined using thresholds values
of 500, 1000, 2000, 3000, 4000 and 5000 cells to obtain different
stream density maps.
ual-polarized and large incident angle of SAR data for mapping the fluvial
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Fig. 4. The calibrated HH-PALSAR image (a) and the generated supervised classification map from the covariance matrix for the Wadi El-Mattula deposits (b).
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4. Results and discussions

4.1. First case study

The dual-polarized ALOS/PALSAR data provides an additional
coherent HV channel allowing generating 2 � 2 covariance matrix
([C2]). The supervised map of the wadis deposits was classified
into three main classes (gravel, gravel/sand and sand) (Fig. 4b).
The geologic map, landsat-8 and Google Earth together with the
calculated radar backscatter coefficient (r�) map (Fig. 4a) were
Fig. 5. The H/A/Alpha decomposition results, where entropy (a

Table 1
The SAR scattering response of the Wadi El Matulla deposits.

Sedimentary classes SAR scattering mechanism

Alpha (a�) Entropy (H)

Mean STD. Mean STD.

Gravel 22.13 3.59 0.72 0.07
Gravel/Sand 18.33 3.43 0.63 0.08
Sand 15.37 3.28 0.55 0.08

Please cite this article in press as: Gaber, A., et al. Investigating the use of the d
and aeolian deposits. NRIAG Journal of Astronomy and Geophysics (2017), htt
used to extract the reference points and generate this supervised
classification map. The other land covers (e.g. vegetation, urban
and water bodies) and different rock units were masked to show
only the wadis deposits classes and its variations in terms of the
degree of randomness of their radar scattering response which
has a linear relationship with the grain sizes of the surface
sediments.

In addition, the eigenvectors constructed from the [C2] have
been used to calculate the dual-polarimetric target parameters;
entropy (H), anisotropy (A) and alpha angel (a�) by applying the
), anisotropy (b) and alpha angel (c) along the study area.

Radar cross section (r�)

Anisotropy (A) HH (dB) HV (dB)

Mean STD. Mean STD. Mean STD.

0.73 0.06 �20.57 0.93 �28.46 1.53
0.66 0.07 �22.96 0.87 �29.56 1.29
0.59 0.07 �25.16 0.78 �30.07 1.12

ual-polarized and large incident angle of SAR data for mapping the fluvial
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H/A/Alpha Decomposition (Cloude and Pottier, 1997). Fig. 5 shows
the H/A/Alpha decomposition results of the study area. In addition,
the obtained results have been represented in Table 1 after spa-
tially correlates the supervised classification map (Fig. 4b) with
the three layers of the H/A/Alpha decomposition (Fig. 5) as well
as the two calibrated HH and HV PALSAR images (Fig. 4a) using
the zonal statistics as table of the ArcGIS software.

The results show that the gravel class has mean values of radar
backscatter coefficient (r�) of the HH and HV polarization as
�20.57 dB and �28.47 dB, with standard deviation of 0.93 and
1.53 dB, respectively. In addition, the mean values of its entropy
(H), anisotropy (A) and alpha angel (a�), are 0.72, 0.73 and 22.13
with standard deviation of 0.07, 0.06 and 3.59, respectively
(Table 1). While, the gravel/sand mixture class has mean values
of radar backscatter coefficient (r�) of the HH and HV polarization
as �22.96 dB and �29.56 dB, with standard deviation of 0.87 and
Fig. 6. (a, c and e) The average spectral reflectance curve of the gavel, gravel/sand and san
(K�).

Please cite this article in press as: Gaber, A., et al. Investigating the use of the d
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1.29 dB, respectively. The mean values of its entropy (H), aniso-
tropy (A) and alpha angel (a�) are 0.63, 0.66 and 18.33 with stan-
dard deviation of 0.08, 0.07 and 3.34, respectively (Table 1). The
sand class has mean values of radar backscatter coefficient (r�)
of the HH and HV polarization as �25.16 dB and �30.07 dB, with
standard deviation of 0.78 and 1.12 dB, respectively. The mean val-
ues of its entropy (H), anisotropy (A) and alpha angel (a�) are 0.55,
0.59 and 15.37 with standard deviation of 0.08, 0.07 and 3.28,
respectively (Table 1).

The results show that the radar backscatter coefficient (r�) val-
ues of the gravel, gravel/sand and sand classes are increasing
respectively by increasing their grain size as well as the degrees
of randomness of their backscattered radar return waves, which
have been derived from the H/A/Alpha angle values. These show
the advantages of the dual-polarized ALOS/PALSAR data to classify
the surface sediments in terms of their grain sizes.
d classes, respectively and (b, d and f) their corresponding temperatures brightness

ual-polarized and large incident angle of SAR data for mapping the fluvial
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Moreover, the average spectral reflectance and the average tem-
perature brightness of each class (gravel, gravel/sand and sand)
were extracted from the calibrated visible and thermal bands of
the optical Landsat-8 image (Fig. 6). The average normalized spec-
tral reflectance of the gravel, gravel/sand and sand classes are
around 0.53, 0.4 and 0.35, while their average temperatures bright-
ness are around 321.1 K, 323.8 K and 324 K, respectively (Fig. 6).

The integrated results show that the gravel class has the higher
random backscattering radar return, the higher average spectral
reflectance and the lower average temperatures brightness, which
means this class is the larger in terms of gran sizes, more brighter
and less conductive (less heterogeneous) than the other two
classes (gravel/sand and sand). While the sand class shows the
opposite behavior to the gravel class, which means this class is
the smaller in terms of grain size, and darker in color and more
conductive (more heterogeneous) than the other two class. The
gravel/sand mixture class is in between the others two classes. This
confirms that the dual-polarized SAR data can help a lot in discrim-
inating the surficial sediments in terms of surface roughness (grain
size) and add information about their radar response.
Fig. 7. The optical landsat-8 image of the study area (left) and the revea

Fig. 8. The locations of the hidden meandering stream with red rectangular on both Ra
located at the far-range with larger incident angle (hi = 39.7�), while in the right image th
with smaller incident angle (hi = 33.7�).

Please cite this article in press as: Gaber, A., et al. Investigating the use of the d
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4.2. Second case study

In very dry soils such desert environments, SAR sensors are able
to probe the subsurface of low electrical loss material such as sand.
In this study the large incident angle (hi = 39.7�) of the Radarsat-1
image acquired in July 31st, 2000 has revealed a meandering bur-
ied river under the sand sheet of the northwestern part of Sinai
(Fig. 7). In this case study, different optical, SRTM and SAR images
for the same area and acquisition year with different wavelengths,
incident angles and polarizations modes were used to compare and
check if such buried paleoriver can be observed or not. None of the
supported images show such hidden stream.

Fortunately, the right image of Fig. 7 is the only SAR image,
where we can observe such hidden meandering stream, because
such buried feature is located at the far-range of the Radarsat-1
image with large incident angle which improved a lot the radar
backscattered return compared to the others SAR data and thus
enhanced the contrast between the low backscattered targets
and its surrounding. Whereas, the local incident angle (hi) in the
far-range usually has high backscattered intensity more than the
led meandering hidden stream using the Radarsat-1 image (right).

darsat-1 images. In the left image the hidden feature can be observed because it is
e feature cannot be observed because it is located almost in the middle of the image
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Fig. 9. Two layer sketch model of the incident and refracted angles with Snell’s Law.
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near-range one along the areas with the same surface roughness.
The second Radarsat-1 image, which has been acquired only one
week later does not show such hidden meandering stream because
the observed feature is located at smaller local incident angle (hi =
33.7�) with 6� less (Fig. 8).

Based on Snell’s Law and assuming the dielectric constant of the
sand (e2) which covers the study area is higher than the dielectric
constant of the air (e1), the penetration depth of the satellite (dp0)
will controlled by the following equation (Gay and Ferro-Famil,
2016):

dp0 ¼ dpcosr ð4Þ
Fig. 10. The revealed meandering stream from Radarsat-1 image (a), the sand dunes w
intensity with the large local incident angle (b) and the optical generated change detect
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where dp represents the maximum depth within a medium that can
contribute to the backscattering coefficient and is the angle of
refraction (Fig. 9). This means the small incident angle the small
penetration depth of the satellite and the opposite is true. In this
case study the hidden features appears in large incident angle,
which means such observation does not relate to the penetration
depth but more related to the increasing in the backscattered inten-
sity of the returned radar signals. Moreover, the longer wavelength
of the L-band ALOS/PALSAR with its different polarizations dose not
image such hidden feature, because of its smaller incident angle,
which is ranging from 22.7� (near-range) and 25� (far-range) and
thus it produce a weak backscattered intensity.

Thus the main reason to image such hidden meandering stream
is the high backscattering intensity of the radar returns which is
related to the relatively higher incident angle along the rough sur-
face and consequently enhances the contrast between the targets
that have low backscattering response. The surface roughness
along the study area is relatively undulated (rough) due to the exis-
tence of the sand dunes with different directions (Fig. 10b). The
generated change detection map using the optical data acquired
in 2000 and 2016 (Band 7-7) (Fig. 10c) can be used for future field
work survey using the ground penetrating radar (GPR) along the
areas where small changes have been occurred. In addition, the
digital elevation model (DEM) of the SRTM was used to extract
the drainage patterns along study area and compare it with the
revealed hidden paleo-river and investigate if there are any surface
streams running close or parallel to the observed buried one. The
SRTM has been performed using the same C-band of Radarsat-1
sensor and should have some penetration capability in the desert
sand areas. Different flow accumulation thresholds values were
performed to get different streams density maps (Fig. 11).

The observations after extracting different drainage patterns
density maps show that none of the extracted surface or near-
surface drainage patterns are close in direction to the meandering
hich make the ground surface very rough and increased the radar backscattered
ion map (c).
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Fig. 11. The automatically generated drainage patterns using the SRTM with different flow accumulation threshold values (drainage densities) and the track of the revealed
stream is plotted by red line. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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stream that has been revealed using the far-range and high inci-
dent angle of Radarsat-1 image. The automatically generated drai-
nage patterns using the SRTM data are mostly have NW-SE
directions, and according to the published structural maps
(Sayed, 2016), the study area is surrounded by faults and lineation
regime with the same NW-SE directions that might be related to
the Oligocene age (Gulf of Suez). These NW-SE faults trends sup-
port that the surface water is running toward the same direction
and controlled by the topographic surface criteria, which were
affected by the subsurface structures. Therefore, the sediment load
of the current and past fluvial channels would have been deposited
Please cite this article in press as: Gaber, A., et al. Investigating the use of the d
and aeolian deposits. NRIAG Journal of Astronomy and Geophysics (2017), htt
in low-relief areas along its way. As the climate became drier, these
sediments have been exposed to the action of the wind. The latter
mobilized and sculptured the sand into various dune forms,
depending on the amount of available sand and the prevailing
wind directions. On the other hand, the paleo-environmental and
archeological studies, which have been performed along the study
area, confirmed the existence of ancient fresh-water streams and
marshy swamps (Hoffmeier and Moshier, 2006). All these archae-
ological observations support the existence of paleo-fresh water
lagoon at the northwest corner of the study area, which might be
was the discharge lagoon of the revealed hidden stream (Fig. 12).
ual-polarized and large incident angle of SAR data for mapping the fluvial
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Fig. 12. Paleo-environmental map of the northeastern delta (modified after Hoffmeier and Moshier, 2006). The track of the revealed stream is plotted by the solid red line,
while the dashed red line is the proposed direction toward the paleo-fresh-water lagoon. (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)
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5. Conclusion

The polarimetric information of SAR data provides valuable
input for discriminating and classifying the surface sediments
and land covers. Since, the dual-polarized ALOS/PALSAR data
allows generating the covariance matrix ([C2]), the eigenvectors
constructed and have been used in East Qena (1st case study) to
calculate the dual-polarimetric target parameters; entropy (H),
anisotropy (A) and alpha angel (a�) by applying the H/A/Alpha
decomposition. Moreover, such matrix has been stacked and used
to generate a supervised classification map for the wadis deposits
along theWadi El-Matulla, East Qena, Egypt. The surface sediments
have been classified into 3 classes (gravel, gravel/sand and sand).
The scattering response, radar backscattering coefficients, average
spectral reflectance and average thermal brightness of each class
have been calculated, which have significant contribution in map-
ping the surface fluvial sediments accurately.

Moreover, the large local incident angles of SAR data will obvi-
ously improve the backscattering intensity of the returned radar
signals along a relatively rough surface and consequently enhanced
Please cite this article in press as: Gaber, A., et al. Investigating the use of the d
and aeolian deposits. NRIAG Journal of Astronomy and Geophysics (2017), htt
the contrast between the targets that have low backscattered
return and the surroundings. This proven theoretical fact has been
introduced in this study using a real example in an undulated
sandy aeolian area of the northwestern part of Sinai Peninsula,
Egypt (2nd case study). For this purpose, several SAR datasets with
different incident angles, wavelengths and polarizations were pro-
cessed and used. Out of this set of SAR data, only one Radarsat-1
image with the highest incident angle (hi = 38.7�) revealed a hidden
meandering stream at its far-range and thus improved a lot the
radar backscattered return compared to the others SAR data. The
paleo-environmental and archeological studies which have been
performed along this study area confirmed the existence of ancient
fresh-water streams and marshy swamps. All these archaeological
observations support the existence of paleo-fresh water lagoon at
the northwest corner of the study area, which might be the dis-
charge lagoon of the revealed hidden stream. A field confirmation
visit will be carried out in the near-future to perform ground pen-
etrating radar (GPR) survey to validate the existence of such
revealed stream after issuing the required security permissions,
since the study area is unsecure now.
ual-polarized and large incident angle of SAR data for mapping the fluvial
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