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Abstract. The Rif mountain range in northern Morocco comprises vulnerable lands highly
susceptible to erosion, particularly water-induced erosion. This phenomenon significantly
impacts the long-term sustainability of soil and water resources, including the lifespan of
dam reservoirs and aquifer replenishment. Given that soil degradation is often
accompanied by the transfer and accumulation of sediments over time in surface
watercourses, monitoring this process using Differential Synthetic Aperture Radar
Interferometry (DINSAR) provides insights into surface deformation. Integrating DINSAR
techniques with the Small Baseline Subset (SBAS) approach using ALOS-PALSAR data
enables the retrieval of a comprehensive deformation model over the study area. The
results highlight the primary sources of erosion and sediment deposition zones.
Displacement rates can reach up to 10 cm/year. Evaluation against ground truth data
demonstrates that erosion and deposition rates are influenced by geological characteristics,
rock mechanical properties, and topography. The good agreement between SBAS and
DInSAR suggests that the SBAS technique could be reliable for identifying sediment
recharge zones in these areas

1. Introduction:

Water erosion is one of the most dangerous forms of soil erosion. This is a well-known problem of soil degradation
in the Moroccan Rif area, intensively subject to all forms of water erosion: sheet erosion, rill erosion, gully erosion
and landslides, and is becoming less and less productive [1]. Erosion reduces cultivable areas and the sustainability
of the soil through losses of fertilizing elements, estimated at 70 Euro/ha/year [2] which adds to the problem of
poor soil use. But the most significant impacts throughout the world are the increase in sediment loads transported
by hydrographic networks which silt up dam reservoirs and their associated equipment. These data have attracted
the attention of the majority of geomorphologists, with the aim of evaluating and estimating the damage of water
erosion on the natural environment and assessing the spatial intensity of water erosion in the Rif chain [1], [3].
Traditional erosion monitoring methods include field surveys, positioning observations, and GPS methods. These
methods are labor intensive. However, it is not suitable for assessing deformation and erosion on a considerable
regional scale. Radar techniques and conventional aerial remote sensing monitoring methods such as drones and
unmanned aerial vehicles (UAVs), have significant advantages, including the ability to monitor surface
deformation, insensitivity to climatic conditions and production of large-scale and high-resolution products [4],

(5], [6].

Differential Synthetic Aperture Interferometric Radar (DINSAR) is a microwave remote sensing method that
leverages phase differences, termed interferograms, between pairs of Synthetic Aperture Radar (SAR) images
captured at different times. It aims to extract information regarding surface displacements along the radar line of
sight (LOS) that occurred between the acquisition times. Initially, DINSAR was utilized for studying single
deformation events [7], [8]. However, recent advancements have led to the development of sophisticated DINSAR
approaches capable of analyzing the temporal evolution of surface displacements through the generation of
deformation time series [9], [10], [11]. These techniques enable remote monitoring of events on a daily basis, with
ongoing enhancements in data processing precision. Among these advanced methods are Persistent Scatter
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Interferometry (PSI), Short Baseline Subset (SBAS), and SqueeSAR (Surface Displacement Detection Algorithm).
In this study, our focus is on the Small Baseline Subset (SBAS) approach, as proposed by Berardino et al. [11],
renowned for its effectiveness in detecting and analyzing deformation phenomena, in the Oued Ghis sub-watershed
in northern Morocco. This method has been successfully applied in various applications, predominantly utilizing
European Remote Sensing (ERS) SAR data acquired in C-Band. Specifically, we concentrate on the fundamental
SBAS technique, initially developed to investigate large-scale displacements with relatively low resolution using
low-pass filtered (multilook) DINSAR interferograms. The primary advantage of the SBAS technique lies in its
careful selection of data pairs involved in interferogram generation, minimizing spatial and temporal separation
(baseline) between acquisition orbits to mitigate decorrelation effects.

2. Study area

The Oued Ghis sub-basin is part of the Ghis-Nekor watershed. It is an intra-mountainous valley occupied by a
heterogeneous alluvial filling made up of sands, gravels and conglomerates from the Plio-Quaternary to the
Present. This area is marked by an irregular and violent character of its hydrological regime, due on the one hand
to the abundance and high intensity of precipitation and on the other hand to the predominance of impermeable
facies combined with the steep relief characterized by strong slopes. The Ghis sub-basin has an area at the mouth
of 850 km? (Fig. 1). The flow regime of the watercourse is irregular and has a torrential nature. The average annual
flow is 7.7 m3/s and the average low flow is 0.8 m3/s. This river flows into the Mediterranean. Generally, the
average annual rainfall is 595 mm and the average annual contributions of the area amount to 3605 Mm3/year with
strong interannual irregularity.
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Fig. 1. Study Area Location in the Northern Ghis sub-basin and Position (Boxed) on the Altimetry Map of the
Ghis Watershed in Northern Morocco.
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3. Methodology

The InSAR technique was initially designed to simultaneously obtain information about surface elevation using
the phase difference of two SAR images. As SAR imaging theory progressed, Gabriel et al. introduced Differential
Radar Interferometry (DINSAR), which involves comparing the phase of two SAR images taken at different times
of the same area, forming what is called a differential interferogram by subtracting the topographic contributions
of the interferometric phase using a reference Digital Elevation Model (DEM). This allows for the retrieval of the
phase component related to displacement and the study of ground deformation processes [11], [12]. This technique
enables the distinction between elevation and ground deformation signals, thus providing information on
deformation at all points of the entire image.

As demonstrated in Figure 1, Om (t) and Os (t) are the coordinates of the master and slave satellites in the
geocentric coordinate system, respectively; 6 indicates the side looking angle, a is the angle between B and the
horizontal direction, § denotes the baseline of the distance between the two antennas, r1 and rz are the slant-range
of target P in the master and slave image and are the nominal slant ranges with respect to the ellipsoid reference
surface in the master and slave acquisitions, respectively; B is the tilt angle of the baseline; 6 and 0o are the look
angle and nominal look angle, respectively; B . and B are the perpendicular and parallel baseline, respectively.

05 (1)

Fig. 2. Basic concept of the Baseline (After [15])

Radar remote sensing uses electromagnetic energy backscattered from ground targets to extract physical and
dielectric behavior. A radar system directed towards the ground emits microwave pulses at a specific pulse
repetition frequency, which varies depending on the platform. The intensity and phase of backscattered energy
towards the sensor depend on the surface roughness and moisture content of the ground target. The phase serves
as a measure of the distance between the sensor and the target. As the structure and dielectric properties of the
target cause a phase shift, an interferogram is computed pixel by pixel from the phase disparity between two radar
images captured on different dates, under similar shooting conditions. The phase shift for a given pixel depends
on various factors as described by the following equation:

Ap=Add+A¢a+A¢t+Adddc+A¢r+ 2krn (1)

A ¢: phase difference.

A ¢d: phase difference linked to the possible movement of the ground, measured along the line of sight.

A ¢a: phase difference due to change in atmospheric conditions between image acquisitions

A ¢t: phase difference linked to the topography of the site.

A ¢dc: phase difference resulting from geometric and temporal decorrelations (generated by variations in surface
condition, and by variations in shooting).

A ¢r: residual phase difference (noise) resulting from processing (registration, SAR recording).

The SBAS approach enhances precision in the study by providing multiple images from different dates, aiming to
minimize differences in acquisition as much as possible [13], [14]. This approach is realized through a set of
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methods utilizing at least five complex radar images to obtain complementary information about objects present
in a single radar image.

The SBAS technique is a DInNSAR approach for detecting surface deformations and, importantly, analyzing their
temporal evolution. It relies on the use of a large number of SAR acquisitions and implements a straightforward
combination of multi-look DINSAR interferograms calculated from these data, ultimately leading to the generation
of average deformation velocity maps and temporal series.

The SBAS-DINSAR process includes several stages, aimed at eliminating the main errors caused by the
atmosphere, geometry, topography, and line of sight by seeking orbit precision and coherence quality. The diagram
in Figure 3 illustrates these different stages.
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Fig. 3. SBAS processing process on SARscap.

The study utilized imagery acquired by the ALOS-2 radar satellite equipped with the PALSAR-2 sensor operating
in the L band. Ground displacement calculations using SBAS-DINSAR were conducted using the SARscape
platform, which is integrated into the ENVI software. This platform streamlines the processing of SAR data, even
when dealing with large volumes of information and high pixel intensity.

4, Results and discussion

Figure 4 gives the relative positions of different input images from time point of view and baseline point of view.
We therefore found two master images: palsar2_20170203_000801300 A HH_slc (super master) and
palsar2_20190104_000801535_A HH_slc.

e For the super master: slave 0-Palsar2_20160708 000801560 A HH_slc-Normal Baseline = [-
19.35518837] Temporal Baseline = [210]/Slave 1-palsar2_20180119 000801218 A HH_slc-Normal
Baseline = [46.783 23746] Temporal Baseline = [350].

e For the second master: slave 0-Palsar2 20180119 000801218 A HH_slc-Normal Baseline = [-
100.9647827] Temporal Baseline = [350]/slave 1 palsar2_20200103 000802749 A HH_slc- Normal
Baseline = [91.3408432] Temporal Baseline = [364].
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Fig. 4. The time difference between the image acquisition dates and the baseline difference

The construction of a number of interferograms between the slave images and the master images selected by the
software, with an external DEM, for co-registration on the geometry of the Masters and arriving at the differential
for each pair and the degrees of coherence.

We also removed the topographical phase by the imported external DEM, the noise phase by the Goldstein filter.
Finally, the software generates positive or negative vertical displacements, ignoring the influence of horizontal
components, in the form of points. The vertical deformation is calculated by a combination with the angle of
incidence and the displacement.

Figure 5 represents the final result of the calculations in the form of negative displacement points indicating a loss
of materials. We focused much more on the points closest to the watercourse which can influence the turbidity and
quality of flood waters as well as their impact on flood damage in the event of heavy rains. These points are
distributed along the areas directly supplying the major bed of the river, the NW slope and the SE slope, but with
little difference in values in millimetric order. To better monitor the phenomenon, we interpolated the values in
the form of a soil loss map (figure 6) where each color shows the average speed of soil movement in mm/year in
the region of interest.
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Fig. 5. Distribution of negative movement near Ghis river. The green dots indicate the estimated vertical
negative displacements extracted from the DINSAR measurements in only a portion of the entire Ghis sub-basin
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Fig. 6. Mean deformation velocity map computed from reference SAR pixel in figure 5

We notice in Figure 6 that the strong loss is concentrated in the northeast of the study sector at the mouth of Oued
Ghis. This region is occupied by agricultural land on red clay with loose, easily erodible materials (figure 7). The
sediments are removed and transported by small watercourses first and then accumulate, flowing towards the main
course. The displacement rate can reach 10cm/year.

Taking into account the surface area of this same high value of soil mobility, we can deduce the immensity of
erosion in this sector up to the bay of Al Hoceima. Another consequence is that of the concentration of sediments
in the dam of the town of Targuist supplied by Jamal river, the main tributary of Ghis river and the reduction in
the water retention capacity of this reservoir, from one year to the other. This will have an impact on water quality
following the increase in suspended matter. The figure also shows another region at the center of the study limit
on two sides of the river, where the relief comes into play through strong dips with the abundance of loose and
less correlated materials.

Fig. 7. Land Vulnerability to Material Movement Issue North of the Ghis Watershed

5. Conclusion

Determining areas vulnerable to ground movements is very important in studies of natural risks, to reduce their
future impact on infrastructure and human life. This fact becomes important in our sector of this study, the
watershed of Oued Ghis of the Al Hoceima zone, referring to the immense intensity of soil losses by water erosion
in this region belonging to the fragile Rif and unstable in Morocco. We delineated the regions of sediment load in
the watercourse coming from water erosion using a fairly large database of SAR radar images. By applying the
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SBAS-DInSAR methodology, is a high resolution technique which made it possible to monitor surface
deformations, map surface deformations with a measurement precision of the order of a millimeter. The reading
and interpretation of the resulting results present scientific importance and added value to the history of past studies
in the region.

The authors would like to thank the JAXA, and ESA for providing the ALOS/PALSAR-2 (through ALOS-2 6th RA PI-3131
agreement) and ENVI software, respectively, free of charge. We thank anonymous reviewers and editors for their constructive
comments and suggestions This researcher was made with the assistance of Hassan Il Academy of Sciences and Techniques,
Rabat, Morocco.

References

[1] Y. Chanyour, O. El Achari, Bilan des études géographiques sur [’érosion hydrique dans les montagnes du
Rif (Maroc), Revue Espace geéographique et Société Marocaine, Vol. 1 No. 59 (2022)
https://revues.imist.ma/index.php/EGSM/article/view/31806/16521

[2] M. Laabdi, Production de sédiments et perte en Cléments fertilisants par érosion dans le bassin versant de
Tlata. Mé., These 3éme cycle, Institut AV Ha Il, Rabat, Maroc : 128 p. (1979).

[3] W. H. Wischmeier et D. D. Smith, Predicting Rainfall Erosion Losses: A Guide to Conservation Planning.
Department of Agriculture, Science and Education Administration, Handbook No. 537. The Universal Soil
Loss, 58 p. (1978).

[4] C.Jiang, W. Fan, N. Yu, Y. Nan, A New Method to Predict Gully Head Erosion in the Loess Plateau of China
Based on SBAS-INSAR. Remote Sens. 2021, 13, 421. https://doi.org/10.3390/rs13030421

[5] Y. Guan, S. Yang, C Zhao., H. Lou, K. Chen, C. Zhang, Wu B., Monitoring long-term gully erosion and
topographic thresholds in the marginal zone of the Chinese Loess Plateau, Soil and Tillage Research, Vol.
205, 104800, ISSN 0167-1987, (2021), https://doi.org/10.1016/j.still.2020.104800.

[6] B. Osmanoglu, M. Crespi, T. Balz, U. Soergel, Advances in SAR: Sensors, Methodologies, and
Applications. (2018). Suisse: MDPI AG.

[7] D. Massonnet, M. Rossi, C. Carmona. et al., The displacement field of the Landers earthquake mapped by
radar interferometry. Nature 364, 138-142 (1993). https://doi.org/10.1038/364138a0

[8] G. Peltzer et P. Rosen, Surface Displacement of the 17 May 1993 Eureka Valley, California, Earthquake
Observed by SAR Interferometry, Science, vol. 268, no 5215, p. 1333-1336, (1995).

[9] A. Ferretti, C. Prati, et F. Rocca, Nonlinear subsidence rate estimation using permanent scatterers in
differential SAR interferometry, IEEE Transactions on Geoscience and Remote Sensing, vol. 38, no 5, p.
2202-2212, (2000), doi: 10.1109/36.868878.

[10] L. R. Schimleck, C. Mora, et R. F. Daniels, Estimation of the physical wood properties of green Pinus taeda
radial samples by near infrared spectroscopy, Can. J. For. Res., vol. 33, no 12, p. 2297-2305, (2003), doi:
10.1139/x03-173.

[11] P. Berardino, G. Fornaro, R. Lanari, et E. Sansosti, A new algorithm for surface deformation monitoring
based on small baseline differential SAR interferograms, IEEE Transactions on Geoscience and Remote
Sensing, vol. 40, no 11, p. 2375-2383, (2002), doi: 10.1109/TGRS.2002.803792.

[12] R. Zhao, Z. Li, G. Feng, Q. Wang, et J. Hu, Monitoring surface deformation over permafrost with an
improved SBAS-InSAR algorithm: With emphasis on climatic factors modeling, Remote Sensing of
Environment, vol. 184, p. 276-287, (2016), doi: 10.1016/j.rse.2016.07.019.

[13] Shaowei Li, Wenbin Xu, Zhiwei Li, Review of the SBAS InSAR Time-series algorithms, applications, and
challenges. Geodesy and Geodynamics, Vol. 13, Issue 2, 2022, pp. 114-126, ISSN 1674-9847,
https://doi.org/10.1016/j.ge0g.2021.09.007,

[14] R. Lanari, O. Mora, M. Manunta, J.J. Mallorqui, P. Berardino, E. Sansosti, A small-baseline approach for
investigating deformations on full-resolution differential SAR interferograms. IEEE Trans. Geosci. Rem.
Sens., 42 (2004), pp. 1377-1386

[15] B. Xu, Z. Li, Y. Zhu, J. Shi, G. Feng, SAR Interferometric Baseline Refinement Based on Flat-Earth Phase
without a Ground Control Point. Remote Sens. 2020, 12, 233. https://doi.org/10.3390/rs12020233.



https://doi.org/10.1016/j.geog.2021.09.007
https://doi.org/10.3390/rs12020233

