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 ABSTRACT 

 
The Central Rif region in Morocco, from Al Jebha to Al Hoceïma, has a rich history of 
landslides causing significant disruptions. The recent violent earthquake of Al-Hoceïma 
in 2003 led to a large land movement that caused the temporary closure of Regional 
Road N° 610 near Kassita. Besides, winter episodes with extreme rainfall, such as the 
record 136 mm in March 2020 near the El Jebha town, also caused an exorbitant slope 
sliding that interrupted traffic on National Road N° 16. These two examples of slope 
sliding, among others, demonstrate the interest in understanding and managing 
landslide risks in this region and constitute the background of the research. Thus, the 
purpose of this research is to identify the most vulnerable areas to landslides in the Al 
Jebha and Al Hoceïma regions to support their development. To conduct this study, we 
followed a methodology based on the inventory of dominant soils and rock formations 
with their geotechnical characteristics. Then, we proceeded with the presentation of 
their spatial distribution in geotechnical maps, constituting the first results. 
Subsequently, we discussed assumptions regarding the calculation of critical angles, 
such as the bishop method and the height of the studied slopes, alongside the definition 
of calculation cases considering the effects of rainfall and seismic activity on slope 
stability. We then calculated the critical angle for each soil in the fourth cases defined 
using the Talren tool, representing the second set of results. Furthermore, we assessed 
the natural dips of the study area based on a Digital Elevation Model using GIS tools to 
compute the quantity Δ, describing the difference between the critical angle and natural 
dips of each soil type. This led us to define landslide risk levels based on the range of 
the quantity Δ. Finally, using these results, we established landslide risk maps for the 
fourth cases, which constitute the main result of this paper. These risk maps serve as 
crucial tools for government decision-makers, guiding infrastructure investments like 
roads and tourism toward low-risk areas, optimizing fund allocation, and enhancing 
landslide hazard management effectively. 
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1. Introduction and Contextual Overview of the Study Area 
1.1 Introduction 
 

Landslides are globally ranked seventh among major natural hazards [1] after hurricanes and 
earthquakes. Based on the criterion of damage caused. The Office of U.S. Foreign Disaster 
Assistance's databases report an average of 700 deaths per year caused by landslides [2] worldwide 
between 1992 and 2012. Particularly the history of landslides in Morocco [3] is quite eventful and 
affects various regions of the kingdom, especially in the central Rif region (between Al Jebha and Al 
Hoceïma). These landslides [4] cause significant material and human damage and hinder the 
development of the study area. Given the high potential for ground movement [5] in this area and in 
line with the Moroccan government's desire to promote the development of the Al Hoceïma and El 
Jebha region through the establishment of new port, road, and railway transport infrastructures. As 
well as urbanization infrastructure like electrical and potable water networks, it is prudent to select, 
during the preliminary phase of technical studies, locations that are shielded from the risk of 
landslides. This approach aims to optimize the costly maintenance of these infrastructures 
throughout their operational lifespan [6]. 

With this objective in mind, this article aims to create landslide risk maps in this study area. To do 
this, we conducted an inventory of the predominant surface soils and rocks [7], with their spatial 
representation [8] in the form of geotechnical maps with the scale of 1/500 000 using GIS tool [9], 
which did not exist before this work. Furthermore, we combined these geotechnical maps with 
topographic contour lines to identify areas where soils with weak geotechnical characteristics 
intersect with steep topographic gradients. 

The examination of geotechnical maps indicates the prevalence of soils with low geotechnical 
properties [10], specifically Schist, flysch, and marl, whose critical slip angles calculated with 
numerical simulation using Bishop [11] Method are low (66.67% for Schist as example) in comparison 
to the substantial natural dip, as illustrated in the dip map. The cartographic precision of this study 
will be compatible with a scale of 1/500 000. The chosen reference period for the reassessment of 
cumulative damages is set at fifty (50) years. 

It should be noted that the scope of our findings is limited due to the macro-analytical nature of 
the landslide phenomenon, considering the extensive study area covering approximately 17,225 km². 
Zoning the areas prone to landslides does not negate the necessity of conducting specific studies for 
each case, involving comprehensive geotechnical surveys and local monitoring with inclinometers to 
track landslide movements, as well as piezometers to monitor groundwater levels. Moreover, the 
heterogeneity of the geotechnical cross-sections and the presence of weak planes may influence 
assumptions regarding the shape of the landslide curve, ranging from circular to planar or any other 
form. 

The unique aim of this work is to globally delimit areas at high risk of landslides, in order to alert 
decision-makers to provide monitoring stations equipped with seismographs and inclinometers to 
monitor the evolution of movement of large masses of unstable soil. Moreover, to plan emergency 
centers near these risk areas equipped with the necessary machinery to evacuate debris and ensure 
service to adjacent roads, as well as agglomeration centers. 

1.2 Contextual Overview of the Study Area 

As demonstrated by the history of ground movement incidents in the Central Rif of Morroco 
(Figure 1), most natural landslides have occurred either during periods of extreme rainfall or in the 
aftermath of violent earthquakes. Additionally, anthropogenic landslides tend to happen when road 
construction takes place in geotechnical challenging areas, such as those with flysch [12] or schist [13] 
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formations. Where Actions such as excavation and construction on slopes decrease slope stability by 
removing toe support of the slopes and increasing shear stress on the rupture surface, thereby 
reducing the safety factor. In general, the occurrence of landslides necessitates a combination of 
extreme rainfall, extreme natural slopes, an active seismic [14] context, and, most importantly, a 
geotechnical unfavorable substrate. In the following section, we will provide examples of recent slope 
movements in the study area. 
 

 
Fig. 1. Location map of the study area 

 
1.2.1 Large-scale slope movement (Figure 2), at the embankment cut at kilometric point 190+500 on 

National Road N° 16 (Jebha - Amtar) 
 

The chronological analysis of satellite images reveals a significant evolution of the landslide 
between 2012 and 2020. Initially, no signs of instability are visible in 2012, but retouching 
interventions may have triggered an initial instability. Between 2012 and 2015, the slope appears 
stable, but precursory signs emerge as early as the beginning of 2016. These signs persist until April 
2020, when intense rains trigger mass movement affecting the lower part of the slope. Additionally, 
new precursory signs appear in 2020 in the western part of the slope, indicating an imminent risk of 
landslide in the event of further intense precipitation. 
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  Fig. 2. Large-scale slope movement at the embankment  
  cut on the National Road N° 16 (Jebha - Amtar) 

 
1.2.2 Excavation of schist rock cut (Figure 3) along the Expressway Taza-Hoceïma [15] (National Road 

N° 02) 
 

The causes of this landslide are attributed to lithology, predominantly consisting of schists with 
interbedded sandstone layers and Limestone-filled joints. These formations typically exhibit 
centimeter-scale bedding and locally show zones of indurated schist structured in thick beds 
measuring 40 to 60 cm. Structurally, the lithological section comprises beds ranging from 5 to 10 cm 
in thickness, characterized by a stratification oriented at North 45° and dipping at 30° to 45° towards 
the northwest. The section is affected by brittle deformation, marked by four main fracture families 
along with other secondary sub-vertical fracture planes oriented between North 35° and North 60° 
as shown in the Figure 4 below. 
 

 
Fig. 3. Excavation of schist rock cut along the Taza-Hoceïma  
expressway on the National Road N° 02 

 
These two examples of unstable terrain illustrate the challenges stemming from the absence of a 

map indicating where landslides could occur in the central Rif region, between Al Hoceïma and Al 
Jebha. Indeed, without such a map, decision-makers made a significant error in determining where 
to construct roads. They focused solely on efficiently moving earth, disregarding the hazards posed 
by the soil itself. These cases represent just a couple of instances among many others where 
addressing such issues results in substantial costs. If decision-makers had utilized our detailed 
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landslide risk map, discussed in this article, they could have saved money by making more informed 
decisions about where to build., thereby preventing landslide incidents and their subsequent impact 
on the disruption of the heavily traveled national road network used for freight and passenger 
transport. 
 

 
Fig. 4. lithological formations of the excavation  
of schist rock cut along the Expressway Taza- 
Hoceïma 

 
2. Methodology  
2.1 Geotechnical Data 
 

Based on recent geotechnical surveys carried out by local geotechnical laboratories in the study 
we have collected a database of geotechnical data [16] necessary for the numerical modeling of the 
stability of the slopes as shown in the table 1 below: 
 
 Table 1 
 Geotechnical data of soil in Al Hoceïma and El Jebha Region 

Soil nature % 
Area 

Average dried mass 
volume 𝜸𝒅 (t/m3) 
 

Atterberg liquidity 
limit W (%) 

Average 
cohesion C’ (kPa) 

Average friction 

angle ' (°) 

Cretaceous marl 6.51 1.687 --- 41.2 33.6 
Marl-limestone 17.02 1.55 7 41.2 26.7 
Limestone-sandstone 1.39 1.58 6.8 41.2 23.6 
Limestone-schist 9.93 1.69 7.3 53.4 34.3 
Fractured schist 2.44 2.2 --- 27 26 
Sand 4.67 1.8  0.1 35 
Sandstone 0.03 1.52 12.8 14 18 
Limestone 9.16 1.59 14.3 8 17 
Clay 0.47 1.61 11.8 52 20 
Schist-gneiss 1.82 2 12 40 25 
Flysch 24.52 2.2 --- 100 45 
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The data analysis reveals that Flysch occupies the largest percentage of the area (24.52%), 
followed by Marl-Limestone (17.02%) and Limestone-Schist (9.93%). On the other hand, Sandstone 
and Clay have negligible coverage percentages. 

Besides, Flysch stands out with the highest average dried mass volume at 2.8 t/m³, indicating its 
dense composition, while Sandstone presents the lowest at 1.52 t/m³. Surprisingly, Fractured Schist 
shows a relatively high average dried mass volume of 2.2 t/m³, despite its lower coverage percentage, 
implying a dense composition. Furthermore, the data reveals that Limestone-schist demonstrates 
the highest average cohesion at 53.4 kPa, suggesting superior resistance to shear stress compared to 
other soil types. Conversely, Sand exhibits the lowest average cohesion at 0.1 kPa, indicating its 
minimal ability to withstand shear forces. Additionally, variations in friction angles are evident across 
soil types, with Sand boasting the highest at 35°. In contrast, Flysch displays a lower friction angle of 
15.75°, despite its high average cohesion of 72.5 kPa, implying a trade-off between cohesion and 
resistance to sliding. Notably, Fractured Schist demonstrates a range for both average cohesion (26 
to 32 kPa) and friction angle (24 to 27°), underscoring its heterogeneous nature and potential 
variability in mechanical behavior. 

It should be noted that the values of geotechnical parameters are derived from laboratory tests 
conducted on intact samples subjected to uniform stress fields. However, most landslides occur 
without fully mobilizing the maximum cohesion and internal friction angle throughout the entire 
mass of the sliding slope, given the asymmetry of the shear stress fields mobilized along the slip 
curve.  

 
2.2 Methodology Involved in Creating Geotechnical Maps 
 

The steps involved in creating geotechnical maps using GIS tools first consist of georeferencing to 
the Lambert local coordinates of northern Morocco, based on the geological map already established 
by the Ministry of Energy and Mines. Next, we created polygonal shapefiles encompassing each area 
identified in the geological map, corresponding to each of the soils and rocks documented in the 
study area. This process resulted in the lithological map. Then, by assigning geotechnical data 
collected from geotechnical laboratories to each of the identified soils, we were able to represent 
three maps: one depicting the dried mass volume in T/m3, another illustrating the internal friction 
angle (φ) in degrees, and a third showing cohesion in kPa. 

The GIS tools used is ArcMap, it is a desktop GIS application within the ArcGIS software suite, 
designed by Esri. It enables users to create, edit, analyze, and visualize geographic data efficiently. 
With a wide range of tools and functionalities, ArcMap facilitates tasks such as map creation, 
geoprocessing, cartography, data management, spatial analysis, and data visualization.  
 
2.3 Topographic Data 
 

Based on a Digital Elevation Model [17] Open source of the study area, we employed the GIS tool 
ArcMap to generate a digital representation of the natural land dips [18]. and this by following the 
last steps, the DEM data, from satellite imagery, is imported into ArcMap. Utilizing the raster 
processing capabilities of ArcMap, the DEM is analyzed to identify depressions or low-lying areas 
representing natural land dips. Through spatial analysis tools and techniques within ArcMap, these 
identified natural land dips are delineated and visualized on the map. As shown in Figure 5, large area 
has dips superior to 66 %, which is à very high amount of slope. 
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Fig. 5. Map of natural land dips of the study area 

 
2.4 Rainfall Data 
 

In general Water infiltration into slope soils can reduce their cohesion, thereby increasing their 
susceptibility to landslides Besides Water can also increase the weight of the soil, which puts 
additional pressure on the slope and can cause it to become unstable. Additionally, water can act as 
a lubricant, reducing friction between soil particles and thus facilitating movement and 
destabilization of the slope. Hence the need to know the quantity of rain that can water the study 
region, to do so, we collected rainfall (Table 2) data series from Pluviometric Stations located near 
the study area as the "MALHA Station", overseeing a watershed with an area of 350 square 
kilometers. It is situated at Moroccan Lambert coordinates (X=532,416, Y=481,744). 
 

Table 2 
Rainfall date from the Malha Station near to El Jebha region 
Year Maximum rain falls (mm) Year Maximum rain falls (mm) 

1999 51,0 2011 63,2 
2000 86,3 2012 80,8 
2001 98,2 2013 62,0 
2002 128,5 2014 58,2 
2003 64,6 2015 25,0 
2004 70,5 2016 82,0 
2005 42,2 2017 57,0 
2006 61,6 2018 42,3 
2007 81,2 2019 75,6 
2008 94,0 2020 64,9 
2009 85,6 2021 31,5 
2010 111,8   
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However, it should be noted that the landslides observed in the study area have often occurred 
because of extreme rainfall events [19]. For example, in the Jebha region, about the month of March 
2020, there was a daily record of approximately 136 mm of rainfall (Figure 6). This event was 
widespread across the entire northern part of the kingdom. Nevertheless, its epicenter coincided 
with the study area. 
 

 

Fig. 6. Spatial distribution of daily rainfall in March 2020 around El Jebha region 

2.4. Seismic Data 

From a geotechnical perspective, there is a clear correlation [20] between landslide size and 
ground motion [21], with larger landslides associated with higher ground motion. Since a landslide 
occurs when the mobilized shear stress (𝜏) along the sliding path (circular, planar, parabolic, or any 
other shape) exceeds the internal shear, resistance τmax of the moving mass, this is facilitated by 
horizontal seismic acceleration acting on the moving soil mass. Besides it should be noted that 
horizontal cyclic acceleration on a slope induces horizontal inertial forces and deformations within 
the mass, with these deformations accumulating with each cycle. The distribution of these 
deformations can vary greatly, but generally, displacements concentrate near the surface in the case 
of unsaturated granular materials and occur deeper within the mass in the case of cohesive soils. 
Given the transient nature of the loading, these displacements can lead to disturbances without 
necessarily resulting in failure. Specifically, the slope may return to a perfectly stable state after a 
seismic event. The magnitude of displacements or deformations induced by an earthquake thus 
serves as a stability criterion that is worthwhile to quantify. 

In this paper we will adopt the Pseudo-static methods for failure analysis to assess the effect of 
seismic action on the stability of a slope. This method is derived from the classical method of analyzing 

the static stability of a slope in circular failure. It assumes that in addition to the conventional 

gravitational body forces, there is a constant intensity body force γ.𝑘⃗  intended to simulate the effect of 

inertia forces due to the earthquake (γ: material unit weight). In this approach, the earthquake is entirely 

characterized by the vector  𝑘⃗   = 
𝑎⃗ 

𝑔
   where  𝑎  denotes the volumetric density of inertial acceleration. 

This method was introduced by Terzaghi as early as 1950 and remains widely used due to numerous 

developments in static analysis (Bishop method, perturbation method, etc.) [22]. The seismic vector 𝑘⃗  
has two components: the horizontal seismic coefficient 𝑘ℎ, whose value is predominant, and the 

vertical seismic coefficient 𝑘𝑣, often neglected. For Morocco and the studied area, 𝑘ℎ is taken as 0.22, 
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whereas commonly used values for 𝑘ℎ range from 0.05 to 0.15 in the United States and from 0.15 to 

0.25 in Japan. This choice is based on the seism maps (Figure. 7).  

 

 
Fig. 1. Regulatory seismic map of Morocco 

2.5 Assumptions of Calculation of Critical Angle 
 

The slope failure angle will be estimated for a 20 to 40-meter-high slope by varying the width of 
the slope until obtaining a safety factor in the sense of the bishop method close to 1 which reflects 
the limit of stability of the slope (Figure 8). The choice of slope heights is justified by the rugged 
topography of the study area. furthermore, it is worth remembering that the Bishop Method [23] is 
one of several Methods of Slices developed to assess the stability of slopes and derive the 
associated  Safety Factor. The approach differs from the Ordinary Method of slices in terms of the 
assumptions made regarding the interslice forces. In particular, the bishop method assumes that the 
shear interslice forces acting at the lateral sides of each slice i can be neglected, i.e., Vi-1 = Vi+1. It is 
pointed out that every method of slices requires certain assumptions to be made since the problem 
is, a priori, indeterminate (there are more unknown parameters than available equations). 

https://www.geoengineer.org/education/slope-stability/slope-stability-introduction-to-the-method-of-slices
https://www.geoengineer.org/education/slope-stability/mechanics-of-slope-stability#definition-of-factor-of-safety
https://www.geoengineer.org/education/slope-stability/slope-stability-introduction-to-the-method-of-slices#the-ordinary-method-of-slices
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Fig. 2. The principal of Bishop Method of slices 

 

Thus, safety of factor is written as follow:  

 

S. F =
Resistant Moment

Driving Moment
=

∑ Ti×Rn
i

∑ Wi×R×sin(α)n
i

                             (1) 

 

2.6 Calculations Cases of the Critical Angle   
 

The critical angle of a slope [24] is defined as the angle at which the risk of slope failure becomes 
significant. This angle is influenced by several parameters: 

i. The lithological and geotechnical properties of the soil. 
ii. The moisture level of the soil forming the slope, which is affected by precipitation. 

iii. The occurrence or absence of seismic activity. 
The search for this critical angle will be carried out following the following parametric study. First, 

the soil to be studied is chosen by fixing the geotechnical parameters (𝛾𝑑 , C’ and φ). Subsequently, 
its moisture content is fixed. Dry or Saturated state corresponding respectively to a summer or winter 
period (we consider only these extreme moisture states given the macro-analytical nature of the 
issue), which brings us to two cases: wet soil and dry soil [25]. Finally, seismic activity is taken into 
consideration via two scenarios such as presence or absence of seismic activity. The combination of 
paired scenarios brings us to four cases that we will designate as calculation scenarios, namely: 

i. Case 1: Drained case without seismic activity: it illustrates the predominant scenario in the 
year, where the water table is at its low or non-existent level; and where seismic activity is 
not present. 

ii. Case 2: Undrained case without seismic activity: it illustrates the scenario of the winter 
period in case of heavy precipitation bringing the water table to its highest level; still 
without seismic activity. 
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iii. Case 3: Drained case with seismic activity: it illustrates the accidental scenario with the 
consideration of seismic activity under horizontal acceleration. 

iv. Case 4: Undrained case with seismic activity: it illustrates a pessimistic scenario where a 
reference earthquake coincides with heavy rainfall bringing the water table to its highest 
level; this case is unlikely, but we will treat it to highlight the combined effect of these two 
parameters on the critical slope of the slopes studied. 

The Figure 9 summarizes the Flowchart of calculus cases of the critical angle. 
 

 
Fig. 9. Flowchart of calculus cases of the critical angle 

 

    
3. Results  
3.1 Result of the Critical Angle Assessment of Soil of Al Hoceïma and El Jebha Region by Talren Tool 
 

As Explained in flow chart in Figure 10 we used Talren software, a slope stability calculation tool 
established by the IT company Terrasol, we evaluated the critical angle of each of the soils of the 
study region using the hypotheses already presented, namely the theory of bishop for the evaluation 
of the critical slip curve giving the lowest safety factor near to 1, and this for the fourth  predefined 
cases to take into account the effect of rainfall and the earthquake each separately and on the other 
hand their mutual effect in case 4 [26]. To illustrate the modeling flowchart path, we treated the 
example of the critical angle model of the flysch which occupies more than 24% of the surface of the 
study area. It should be noted that the geotechnical data were gathered from multiple surveys carried 
out by local geotechnical laboratories in the study region, such as LPEE, TRECQ, which we summarized 
in Table 1. By following the same sequence and adopting the same calculation hypothesis for all the 
soils identified, we arrived at the results of the critical angles summarized in the Table 3 below. 
Whereas, Figure 11 shows Flysch slop critical angle. 
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Fig. 10. Flow chart of the stage of calculation of critical angle 

 
 Table 3 
 Critical angles of dominant soils in Al Hoceïma and Jebha region 

Soil nature Slope high 
(m) 

Critical angle (°) 
Case 1: 

Critical angle (°) 
Case 2: 

Critical angle 
(°) Case 3: 

Critical angle (°) 
Case 4: 

Drained case 
without seismic 
activity 

Undrained case 
without seismic 
activity 

Drained case 
with seismic 
activity 

Undrained case 
with seismic 
activity 

Greenish sandy marl 40 53.13 28.07 45 8.58 
Marl-limestone 40 53.13 20.85 38.66 8.13 
Limestone-sandstone 40 53.13 21.8 45 9.46 
Limestone-schist 40 69.44 31.61 55 15.42 
Fractured schist 20 38.66 32 29.74 10.3 
Sand 20 35.53 15.42 22.83 4.96 
Sandstone 20 29.74 14.2 15.94 4.08 
Limestone 20 24.94 9.86 11.89 4.25 
Clay 20 77.31 61.18 66.97 48.81 
Schist-gneiss 40 46.46 23.96 29.74 4.76 
Flysch 40 87.13 53.13 75.96 41.63 
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(a)      (b) 

 
(c)      (d) 

 Fig. 3. Flysch slop critical angle (a) Case 1 (drained case without seismic activity) slope high: 
 40 m, wide: 2 m, critical angle: 87.13 ° (b) Case 2 (undrained case without seismic activity) 
 slope high: 40vm, wide: 30 m, critical angle: 53.13° (c) Case 3 (drained case with seismic  
 activity) slope high: 40 m, wide: 10 m, critical angle: 75.96° (d) Case 4 (undrained case with  
 seismic activity) slope high 40, wide:45 m, critical angle: 41.63° 

 
To evaluate the decay in the critical angle by the effect of the presence of rainwater and by the 

incidence of seismic action on the slopes, we evaluated the quantity theta (θ) defined as follows: 
 

𝜃 =
𝛽𝑐𝑎𝑠𝑒 1−𝛽𝑐𝑎𝑠𝑒 𝑖

𝛽𝑐𝑎𝑠𝑒 1
              (2) 
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where βcase 1 is the critical angle of a given soil for the case 1 (dominant condition over the year 
with no rainfall and no earthquake). Β case I is the critical angle of the given soil for the case i where 
i∈ (2, 3, 4).  

Thus, for a given case, the closer this index is to 1, the more the critical angle corresponding to 
this case has fallen significantly, the Figure 12 below translates into graphic form the variation of the 
theta (θ) quantity for the different soils identified. The qualitative analysis of the graphs below shows 
that case 4 is the one where the critical angle undergoes large drops, this case is cited for information 
only, given that the occurrence of an extreme rain event and a violent earthquake is almost zero. 
Moreover, the graph shows that the effect of rain (case 2) is more harmful than that of the 
earthquake (case 3) on the stability of the slopes of the soils subject of study. 
 

 
Fig. 12. Variation of the theta (θ) quantity for the different identified soils 

 
3.2 Predictive Landslide Maps in the Middle Rif Region of Morocco – El Jebha and Al Hoceïma 
 

Based on the slope facies map [27] besides (Figure 13), we estimated the average natural slope 
corresponding to each area occupied by the dominant soils previously identified. with the aim of 
assessing the occurrence of landslides in the study area. To do this we calculated the quantity Δ which 
express the difference between the natural angle of the slope and the critical angle of all the soils 
listed for the four calculation cases presented previously in the Figure 9. 
 
Δ case i = Natural Slop – Critical Slop case i                                                                                                   (3) 
 
where i∈ (2, 3, 4). The obtained results are summarized in the table 4 below: 
 

 
Fig. 13. Slope facies map in Al Hoceïma and El Jebha region 



Journal of Advanced Research in Applied Sciences and Engineering Technology 

Volume 60, Issue 2 (2026) 1-20 

15 
 

Table 4 
The quantity Δ of dominant soils in Al Hoceïma and Jebha region 

Soil nature Slope 
high 

Mean 
natural 

slope (°) 

Case 1 Case 2 Case 3 Case 4 

No effect 
(natural state) 

(Rainfall 
effect) 

(Earthquake 
effect) 

(Rainfall & earthquake 

effect) 

Greenish sandy marl 40 37.25 15.88 -9.18 7.75 -28.67 

Marl-limestone 40 50.67 2.46 -29.82 -12.01 -42.54 

Limestone-sandstone 40 45.81 7.32 -24.01 -0.81 -36.35 
Limestone-schist 40 42.16 27.28 -10.55 12.84 -26.74 

Fractured schist 20 40.86 -2.20 -8.86 -11.12 -30.56 
Sand 20 41.29 -5.76 -25.87 -18.46 -36.33 
Sandstone 20 35.74 -6.00 -21.54 -19.80 -31.66 

Limestone 20 34.14 -9.20 -24.28 -22.25 -29.89 

Clay 20 43.06 34.25 18.12 23.91 5.75 

Schist-gneiss 40 56.54 -10.08 -32.58 -26.80 -51.78 
Flysch 40 40.28 46.85 12.85 35.68 1.35 

 
In order to better visualize the risk of landslides, we have defined a color gradient adapted to a 

risk scale ranging from a low risk to a very high risk, as shown in Table 5. By adopting this sequence 
of risk level, calculated on the statistical basis at equal intervals of the delta quantity whose extent is 
equal to a quarter of the extent Δ Max-Δ Min leading us to the following Table 6. 
 

Table 5 
Landslide Risk Level of dominant soils in Al Hoceïma and Jebha region 

Slid risk level Range of delta ∆ min Quantity ∆ max 

Very high risk -51.78 -27.12 
High risk -27.12 -2.47 
Medium risk -2.47 22.19 
Low risk 22.19 46.85 

 
 Table 6 
 Landslide Risk Level of dominant soils in Al Hoceïma and Jebha region 

Soil nature 
 
 

Case 1 
No effect (natural 
state) 

Case 2 
Water effect 
 

Case 3 
Earthquake effect 
 

Case 4 
Water and earthquake 
effect 

Greenish sandy marl Medium risk High risk Medium risk Very high risk 
Marl-limestone Medium risk Very high risk High risk Very high risk 
Limestone-sandstone Medium risk High risk Medium risk Very high risk 
Limestone-schist Low risk High risk Medium risk High risk 
Fractured schist Medium risk High risk High risk Very high risk 
Sand High risk High risk High risk Very high risk 
Sandstone High risk High risk High risk Very high risk 
Limestone High risk High risk High risk Very high risk 
Clay Low risk Medium risk Low risk Medium risk 
Schist-gneiss High Risk Very high risk High risk Very high risk 
Flysch Low risk Medium risk Low risk Medium risk 

 
Finally, the main result of this article and which did not exist previously is the set of four landslide 

risk maps which delimit the areas likely to be subject to ground movements and this for the four 
cases taking into account of the combined effect of rain and seismic activity known to the Alhoceima 
and El Jebha region. 

The landslide risk maps for different cases provide valuable insights into the susceptibility of the 
study area to landslides under various conditions. In Case 1 (natural state), it is observed that over 
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90% of the study area shows no susceptibility to landslides, consistent with the region's typical 
conditions, where landslides are predominantly associated with heavy precipitation or seismic 
activity (Figure 14). Moving to Case 2 (rainfall effect), the maps reveal that more than 15% of the area 
demonstrates a very high risk of landslides, particularly around the Jebha and Bou alma areas (Figure 
15). This aligns with recent soil movement incidents, affirming the credibility of the risk maps. In Case 
3 (earthquake effect), over 30% of the study area records a high risk of landslides, but no zones are 
classified as very high risk (Figure 16). This is justified by the tectonic history of the region, which, 
following past violent seismic events, has led to surface crust stability. Finally, Case 4 (rainfall & 
earthquake effect) highlights that more than 35% of the study area presents a very high risk of 
landslides (Figure 17). Although the occurrence of a severe earthquake coinciding with heavy rainfall 
is improbable, the maps serve as a crucial tool for guiding decision-makers in locating first-response 
centers near the most vulnerable areas, especially impacting towns like Al Hoceïma and El Jebha. 
 

 
Fig. 14. Landslide risk maps for Case 1 (natural state) in Al Hoceïma and El Jebha region 

 

 
Fig. 15. Landslide Risk Maps for Case 2 (rainfall effect) in Al Hoceïma and El Jebha region 
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Fig. 16. Landslide risk maps for case 3 (earthquake effect) in Al Hoceïma and El Jebha region 

 

 
Fig. 17. Landslide risk maps for case 4 (rainfall & earthquake effect) in Al Hoceïma and El  
Jebha region 

 
4. Conclusions 
 

As a conclusion, this work led to the establishment of geotechnical maps describing the 
rheological parameters of the soils and rocks of the study area, which did not previously exist for this 
region of the Middle Rif in the Kingdom of Morocco. all the more we have identified 2 parameters 
significantly affecting the stability of the slopes in this region, namely the rainfall and the seismicity 
of the bedrock, thus, to take into account their effect separately on the critical angle of the slopes 
we have introduced four cases of calculation such that case 1 reflects the natural state of the slopes, 
that is to say without the presence of a water table fed by precipitation and without seismic action. 
while case 2 takes into account the effect of rainfall by bringing the water table to its highest level, 
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i.e. a state of full saturation of soil, while the 3rd case only takes into account the presence of seismic 
action via a horizontal acceleration estimated at 0.22g where g is the acceleration of gravity, finally 
case 4 takes into account the simultaneous effect of a torrential rain and a violent earthquake, it is 
cited for information purposes being given that the probability of occurrence of this event is almost 
zero. 

Thanks to this division of cases, we arrived at results illustrating the incidence of the drastic effect 
of rain on the critical angle which reduces internal cohesion by lubricating the aggregates and 
increases the weight of the slope subject to sliding. Furthermore, to better illustrate the areas with 
high landslide risk in the region of Al Hoceïma and Al Jebha, we have established landslide risk maps 
which could be of great use to government decision-makers regarding investment in infrastructure 
such as roads, sanitation and drinking water supply networks, tourist infrastructure, hotels and 
maritime terminals given the tourist and agricultural character of the region. 

These risk maps make it possible to assess that more than 15% of the study area is susceptible to 
the risk of landslides during a rainfall period. This innovative result will guide decision-makers to avoid 
these areas in future infrastructure implementations. In the meantime, we plan to offer a range of 
stabilization solutions best suited to the geotechnical context of the Alhoceima and El Jebha area. 
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