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Summary. The context of this study is crucial for understanding the challenges faced by the 

Tanger Med Port, a strategic hub for international trade. Located in a mountainous region, this port 

is particularly vulnerable to natural hazards, especially landslides. A study conducted on a 193 km² 

test site recorded 277 slope movements, representing about 11% of the total area. This evaluation 

of terrain susceptibility used the information value method to map the movements over recent dec-

ades as well as six predisposing factors. 

The results show that nearly 31% of the total area is highly susceptible to mass movements, 

22% is very sensitive, and 23.3% presents a low threat. These findings were rigorously compared 

and validated using success rate and prediction rate curves. Five major risk classes for landslides 

were identified in areas that are undeveloped or sparsely developed with low to negligible values 

and developed areas on mountain slopes with very high-risk values. 

Accurate mapping and risk analysis are essential for developing management and prevention 

strategies to minimize potential impacts on port infrastructure and associated economic activities. This 

study thus contributes to a better understanding of geological risks in the region and more important-

ly, to the implementation of appropriate measures to ensure the safety and resilience of the port. 

 
© 2024 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.  

 
Introduction 

The mountains of the Moroccan Rif are subject 

to instabilities, often in the form of mass movements, 

which can have a direct impact on urban construc-

tions (Flageollet, 1989; Maate, 1996). These instabili-

ties are caused by various factors, such as an aggres-

sive climate, rugged terrain, the presence of soft 

ground (such as marl and flysch), as well as aggravat-

ing anthropogenic factors. In the Ksar-Sghir area, for 

example, several landslides have caused varying de-

grees of damage to the urban area, including the de-

struction of some houses and the temporary closure of 

important roads, leading to major disruptions in road 

traffic. However, the loss of human life associated 

with these phenomena has always been rare in this 

region. To deal with these problems, the Directorate 

of Equipment and Transport allocates about 50% of 

its annual budget to either strengthen or repair the 

roads and hydraulic infrastructures damaged by land-

slides, according to a source from MATEE. In 2005, 

however, these unforeseen events caused significant 

economic losses on a national scale and compromised 

the development of the region. 

It is therefore essential to study and map the 

risks of mass movements in order to implement pre-

ventive actions against these complex phenomena. 

This is why the establishment of landslide risk maps 

is of crucial importance. Indeed, the United Nations 

Office for Natural Disaster Reduction (UNDRO, 

1979) was the first international institution to em-

phasize the importance of this type of cartographic 

documents for estimating the risks associated with a 

natural phenomenon in particular. Later, during the 

"International Decade for the Prevention of Natural 

Disasters" (DIPCN) in Paris in 1999, the usefulness 

of hazard maps for the prevention of natural disas-

ters and the management of the territory was reaf-

firmed (El Kharim, 2002). In Morocco, the only 

documents drawn up so far relating to the hazard 

linked to landslides have been: 

a. the hazard map of the movements of the slopes 

of the Rif at the scale of 1/1000000 drawn up by 

Milliés-Lacroix in 1968 

b. the mapping work landslide risks in the Taoun-

ate region carried out by Avenard in 1965 and 

Fares in 1994 

c. the landslide risk mapping trial in the Al Ho-

ceima region carried out by Margaa in 1994, 

landslide risk mapping in the Tetouan region 

drawn up by El Kharim in 2002 and the mapping 
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of the hazard linked to landslides in the Tangier 

peninsula carried out by Sossey Alaoui in 2005 

and Faleh et al. in 2002. 

Initially, researchers faced the difficulty of su-

perimposing and analyzing geographical information 

that varies in time and space. However, the emer-

gence of Geographic Information Systems (GIS) and 

the development of computer science have made it 

possible to carry out complex spatial analyses. This 

made it possible to analyze geographic information, 

apply particular algorithms, perform statistical anal-

yses and model the results. Several researchers have 

underlined the importance of this approach for map-

ping the hazard associated with landslides (Brabb, 

1984, 1987; Wadge, 1988; van Westen et al., 1993; 

Brabb, 1995; Carrara et al., 1995; Irigaray, 1995; 

Soeters and Van Westen, 1996; El Kharim, 2002; 

Maquaire and Ambrose, 2002). Furthermore, some 

researchers have highlighted the interest of combin-

ing satellite imagery with GIS to establish maps of 

the hazard linked to landslides (Rouzeau and Scan-

vic, 1992; Leroi et al., 1992; van Westen, 1993). 

As part of our study, we mapped the risk associ-

ated with landslides in order to benefit from precise 

knowledge of this phenomenon in the region stud-

ied. This detailed cartographic representation is all 

the more justified as human activity in these areas is 

becoming increasingly intense. Our work is there-

fore divided into several stages: 

− Listing the slope movements described in the 

bibliography. 

− Understanding their distribution by identify-

ing predisposing and triggering factors. 

− Mapping each factor contributing to the gene-

sis of mass movements (predictive factors). 

− Determining the areas impacted by these phe-

nomena, as well as the infrastructure, equipment and 

vulnerable populations. 

− Developing a representation of the risk of 

landslides in order to prevent hazards by integrating 

the data into a GIS. 

 

I. Presentation of the Study Area 

The study area extends over an area of 193 km² 

and is located upstream of the Mediterranean port 

complex of Tangier, in the Tangier peninsula in 

northwestern Morocco. It encompasses the three ba-

sins of Oued R'mel, Oued Ksar Sghir and Oued 

Ghlala (Fig.1). 

The geomorphological characteristics of this ar-

ea include slopes which are rather steepy as well as a 

very rugged mountainous relief composed of moun-

tains and valleys extending from East to West. 

From a geological point of view, the study re-

gion is composed of several distinct formations: the 

Internal Domain, including the Ghomaride and the 

Limestone Dorsal, the External Domain, including 

the Internal Tangier Unit and the External Tangier 

Unit, as well as the flysch nappes, which include the 

Predorsalian Unit, the Tisirène Beni Ider Unit and 

the Numidian facies sandstone Unit (Fofana, 2009). 

The climate in this area is of the subhumid type, 

with annual rainfall varying between 800 and 1000 

mm and average annual temperatures ranging from 

17 to 20°C. The main studied rivers in the region are 

Oued Ksar Sghir, Oued Rhlâlâ and Oued Rmel.  

 

 
 

Source: Google Earth Image 

Directed by: Maktite Abderrahim 

Fig. 1. Location of the studied area 
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II.  Methodology 

The method adopted to carry out this study is 

the method of informative values (VI). It is a statis-

tical method used to assess the forecasting quality of 

a forecasting model. It measures the ability of a 

model to correctly predict the actual value of a target 

variable. The VI is defined as the sum of the abso-

lute differences between the predicted values and the 

actual values weighed by the relative importance of 

each target variable. However, the lower the value of 

the VI, the more accurate the model is considered. 

The method is then based on the creation of a 

risk index map using variable maps, maps of the 

probability of occurrence of landslides, and maps of 

the vulnerability of the area studied according to the 

following steps (Fig. 2): 

A. The landslide Hazard 

The criteria taken into account to assess land-

slides generally include their area, speed, depth 

and the volume of soil displaced. The propensity 

of lands to undergo landslides is determined by 

their physical characteristics such as slopes, as-

pect, concavity, and other factors related to their 

stability. In addition, the probability of occurrence 

is used to estimate the risk of landslide in each 

specific area over a given period. 

The process of creating the hazard map involves 

two steps: on the one hand, the determination of the 

predisposition of the land to instability (susceptibil-

ity), taking into account their physical characteristics 

(slope, exposure, concavity, etc.) and, on the other 

hand, the determination of the temporal probability 

that a given area will experience a landslide in a giv-

en period of time. 

1. Landslide Inventory 

In order to measure the propensity of land to 

landslides, it is important to identify the areas that 

have been affected in the past and to observe the 

characteristics of the affected land. The susceptibil-

ity maps that are typically created by the adopted 

method are based on the idea that future landslides 

will occur under conditions similar to those that 

caused previous landslides (Hansen, 1984). 

To create a landslide inventory, aerial photo in-

terpretation is usually used for confirmation by 

fieldwork. This method is considered the best tool 

for identifying landslides. In this study, we have es-

tablished the inventory of landslides based on aerial 

images from Google Earth pro and work already 

carried out in the region. 

2. Predisposing Factors  

The method adopted to assess the susceptibility 

of land in this study area is based on a statistical ap-

proach called "Informative Values Method" (VI). 

This method was chosen because of its objectivity 

and easy reproducibility. Its fundamental principle is 

to collect data on the characteristics of the land 

where landslides have already occurred in order to 

assess their susceptibility to landslides. 

To construct the susceptibility map, six varia-

bles were identified using all the data available on 

the land in the study area, as well as information ex-

tracted from the digital terrain model (DTM). These 

variables are presented in Fig. 4. This data collection 

allowed us to establish a complete list of the charac-

teristics of the lands; characteristics which were then 

used to evaluate those lands’ susceptibility to land-

slides. 

3. Evaluation and Production of the Suscep-

tibility Map 

The informative value of a class in a variable is 

determined according to the number of landslides 

that have occurred on lands with the same character-

istics as the considered class. More specifically, it is 

obtained by comparing the number of landslides oc-

curring on the lands of the class to the proportion of 

lands of this class over the total area studied accord-

ing to the following formula: 

 

𝑽𝑰(𝒊) = 𝑳𝒏 (
𝑺𝒊

𝑵𝒊⁄

𝑺
𝑵⁄

)                      (1) 

 

Si: the area of class i slipped 

Ni: the area of class i 

S: the total area that slipped 

N: the total area of the studied area 

 

Once the informative value of each class of each 

variable has been determined, they are combined to 

produce an estimate of the overall susceptibility of 

the terrain in the area. The combination of the in-

formative values is generally carried out using a 

mathematical model which takes into account the 

relative importance of each variable in the genera-

tion of landslides. 

In the Raster representation, each pixel of each 

variable has a VI value. To create the susceptibility 

map, these VI values of each variable present in 

each pixel are summed up and then grouped into 

different classes. 

4. Construction of Success and  

Forecast Curves 

The accuracy of this model is assessed using hit 

and prediction rates, as defined by Yin and Yan in 

1988; Chung and Fabbri in 2003 and cited by Zêzere 

et al., 2004. The hit rate measures the reliability of 

the model using the slips that were used to build it. It 

makes it possible to determine the extent to which 

the model is capable of correctly reproducing the 

slips already observed. 

The prediction rate, on the other hand, is calcu-

lated by introducing part of the slippage into the 
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model and comparing the results obtained with the 

success and prediction curves. This step verifies the 

ability of the model to accurately predict landslides 

based on the characteristics of the terrain. 

The analysis of the success and prediction 

curves, as well as the measurement of the areas un-

der these curves, make it possible to determine the 

accuracy of the model developed. The more the 

curves overlap and the larger the areas under the 

curves, the more accurate the model is considered to 

be in its ability to assess the susceptibility of the 

land to landslides. 

The analysis of the accuracy of the model is an 

important aspect to assess the reliability of the sus-

ceptibility map obtained. The success and prediction 

rates provide a measure of the correspondence be-

tween the actual slip zones and the slip zones pre-

dicted by the model. If the success and prediction 

rates are high, it means that the model is well adjust-

ed to the real data and can therefore be used with 

good confidence to predict landslide risk areas in the 

future. However, if the rates are low, it means the 

model needs to be improved by using additional var-

iables or changing the methodology used to build the 

model. 

B. The definition of Temporal Probability 

The frequency at which the phenomenon occurs 

is measured by the temporal occurrence probability 

component of the hazard. To calculate this compo-

nent, we generally use the recurrence period of the 

cause that triggered the landslide. In the case of the 

landslides that have occurred in northern Morocco 

over the past fifty years, the main cause is heavy 

rainfall. 
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Source: Description of the method 

Directed by: Maktite Abderrahim 

Fig. 2. Methodological scheme 
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To estimate the probability of temporal occur-

rence of landslides, the most common rainfall 

scenarios that have caused landslides since the 1980s 

have been identified. It is assumed that the same 

rains will produce the same types of landslides and 

will affect the same surfaces. Using formula (2), the 

probability of temporal occurrence is determined for 

each landslide susceptibility class. 

 

Pi =1-(1-
𝑻 𝒂𝒇𝒇𝒆𝒄𝒕é𝒆

𝑻𝒊
∗ 𝐏𝐫)               (2) 

 

Pi: the probability of the susceptibility class 

T affected: the total area of the area that will slip 

Ti: the area of the susceptibility class i 

Pr: the predictive value of the susceptibility class i 

 

The temporal probability values are determined 

by the calculations performed to measure the suscep-

tibility, which will be described in detail in the re-

sults part. The predictive value, on the other hand, 

measures the model's ability to predict the location 

of future landslides based on past landslides. 

C. Vulnerability Assessment 

To quantify vulnerability, an index is used that 

takes into account two major criteria: bodily injury 

and structural damage (Leone, 1996). 

➢ The personal injury assessment includes two 

factors: the number of inhabitants in the different 

regions of the study area and the number of vehicles 

using the different roads in the study area (Fig. 10). 

➢ Structural damage is assessed by taking into 

account two factors: the population density of each 

Douar and the number of landslides affecting each 

road (Fig. 11).  

Each pixel in each theme is assigned a value be-

tween 0 and 1 based on the loss index. The maxi-

mum loss index value is set at 1. Generally, the val-

ue 1 is attributed to the most vulnerable class, then 

the other values are attributed according to this one. 

D. Realization of the Risk Map: 

Finally, we produced the risk map by super-

imposing the hazard map with the vulnerability 

map and based on a matrix that determines the 

risk classes (Table 1). 

The levels of hazard and vulnerability were di-

vided into four classes using quantiles. By crossing 

these classes, the level of risk was determined. 

 

III. Results and Discussions: 

A. Landslide Hazard Map 

1. Inventory of Landslides 

Before proceeding with the elaboration of the sus-

ceptibility map, a preliminary step was carried out. It 

consisted of an inventory of ground instabilities based 

on several sources. First, the work of El Gharbaoui B., 

produced in 1981 were consulted, in particular its ge-

omorphological map of the Tangier peninsula at scale 

1/100,000. In addition, the geological maps of the Min-

istry of Energy and Mines (MEM) at scale 1 /50,000 of 

Ksar Sghir and Sebta were examined. 

In addition to these sources, information from the 

landslide map produced by Fonseca André Filipe in 

2014 was used. This work, which constituted a doc-

toral thesis entitled "Large deep-seated landslides in 

the northern Rif Mountains (Northern Morocco): in-

ventory and analysis", provided a valuable contribu-

tion to our study. Digital images from Google Earth 

Pro were also used to complete our information. 

Then, field observations were carried out in or-

der to complete and validate the data collected. This 

step made it possible to obtain additional infor-

mation and to check the consistency of the data ob-

tained from the various sources mentioned above. 

In this way, 277 landslides were identified, of 

which 38.6% were debris screes, 16% were solifluc-

tions, 23% were mudslides and 22.4% were complex 

movements (Table 2). 

 

Table 1  

Matrix determining the risk classes 

 

 Hazard 

V
u
ln

er
ab

il
it

y
 

× 

 

Very weak 

(Class 1) 

Weak 

(Class 2) 

Strong 

(Class 3) 

Very strong 

(Class 4) 

Very weak 

(Class 1) 2 3 4 5 

Weak 

(Class 2) 
3 4 5 6 

Strong 

(Class 3) 
4 5 6 7 

Very strong 

(Class 4) 
5 6 7 8 

 

 

 
 acceptable risk  Medium high risk  High risk  
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Table 2 

 Distribution of landslides in the study area 

 

Type of slips 

Number of elaborate slips of: 

 

The sum 

The surface 

in (m²) 

Map by 

André 

Filipe, 

2014 

Geomorphological 

and geological map 

Image from 

Google Earth 

Complex 

movements 
3 7 52 62 2623700 

Mudslides 1 0 63 64 748700 

Solifluction 11 16 17 44 8519100 

Landslide 4 82 21 107 10082300 

Sum 19 105 153 277 21973800 

Directed by: Maktite Abderrahim 

 
The landslides identified are aligned in a North-

South direction and are distributed around the water-

courses of the study area. The number of landslides 

recorded decreases slightly from northeast to south-

west, as shown in Fig. 3. 

 

 
Source: Satellite Image 2016 

Directed by: Maktite Abderrahim 

 

Fig. 3. Inventory and location of landslides in the study area 
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2. Predisposing Factors 

Then, it is necessary to list the variables or pre-

disposition factors of the lands that have undergone 

landslides. Some of these factors come from a digital 

terrain model (DTM) of the studied area, obtained 

by digitizing contour lines from 1/25000 topograph-

ic maps. 

The DTM (Digital Terrain Model) of the study 

area was created using a pixel size of ten meters on a 

side. This resolution was determined based on the 

contour spacing available for building the DEM. 

Moreover, this pixel size was considered as an ap-

propriate compromise between data precision and 

the amount of data generated, considering the size of 

the studied area which is 193 km². Thus, the DEM 

consists of 1,930,000 pixels, with each pixel repre-

senting an area of 100 m². 

In the context of this study, the pixel size cho-

sen for each theme is also ten meters per side, with 

the exception of the concavity/convexity of the 

slopes. For this variable, the precision of the DEM 

has been reduced and the pixel size has been in-

creased to 50 meters per side to better represent this 

specific topographic feature. 

 
Lithology Shape of the slopes Orientation of slopes 

 
 

 

Land use TopographicWetness index Inclination of slopes 

   
Source: - DTM (1/25000) 

-IFN (2014) 

Fig. 4. Predisposing factors for susceptibility assessment 
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With regard to topography Wetness Index 

(TWI), this is an index used to assess the presence of 

water in soils and areas of external saturation. For 

each pixel, this index is calculated according to the 

following formula: 
 

TWI =𝑰𝒏(𝑨/ 𝐭𝐚𝐧 𝑩) 

A: Flow Accumulation 

B: slope 
 

Using GIS, we were able to determine the num-

ber of suspected landslides as well as the total area 

of each landslide for each of the six themes. We also 

calculated the informative values for each class us-

ing a specific formula (equation 1). For each class of 

each theme, we measured the area affected by the 

slip by counting the number of pixels of this class 

containing a slip point. It should be noted that the 

slips were represented by dots in this study, with 

only one slip dot typically present per pixel. Alt-

hough it is a simplification of reality, this model 

produced excellent results even if it does not allow 

an accurate estimation of the volume of earth dis-

placed by a landslide, which would require an evalu-

ation in the field. 

The susceptibility is represented by the average 

value of the VI of each class present in each theme, 

calculated for each pixel (Dai et al., 2002). Howev-

er, it is necessary to prove the robustness of this 

model by evaluating it using the methods of success 

rate and prediction rate. 

3. Evaluation and Production  

    of the Susceptibility Map 

Fig. 8 presents the future slip probability for 

each pixel. The informative values, which reflect the 

probabilities of the different classes, are divided into 

"quantiles", in such a way that each class contains 

the same number of pixels. Classes are defined as 

follows: 

➢ Class 1 includes the lowest values, located 

between -5.3348 and 1.1242. 

➢ Class 2 includes values ranging from 1.1243 

to 2.4187. 

➢ Class 3 includes values between 2.4188 and 

3.8052. 

➢ Finally, class 4 corresponds to the maximum 

values, which extend from 3.8053 to 6.6827. 

According to the hypothesis that the conditions 

predisposing to landslides are likely to be repeated 

and based on the values used to construct the success 

curve, it is possible to affirm that, in an indetermi-

nate period of time, 79.2 % of landslides will occur 

in class 4, 15.7% – in class 3, 5.0% – in class 2 and 

0.1% – in class 1. It can therefore be concluded that 

class 4 represents areas with very high probability of 

slippage. 

However, it should be emphasized that these 

values only reflect the susceptibility of risk areas 

spatially, which differs from the hazard map which 

also takes into account the temporal probability of 

occurrence. 

4. Assessment of the Robustness and  

Accuracy of the Model used to  

Map Susceptibility 

4.1.  Development of the Success Curve 

To assess the reliability of the model used to 

map the susceptibility of terrains, you can actually 

create a logarithmic curve by following the process 

described below: 

➢ Export the informative values (VI) used to 

construct the susceptibility map from the GIS and 

place them in a column of a table, sorted in descend-

ing order. 

➢ The second column of the table represents 

the number of pixels assigned to each VI value, 

while the third column indicates the land area where 

landslides occurred in those pixels. 

➢ Create a fourth column using the following 

formula: each cell in this column is the sum of the 

pixels of the first n cells in the second column, di-

vided by the total pixels. Given that each pixel cor-

responds to an elementary surface of the study area 

(10 meters by 10), this column represents the accu-

mulation of surfaces classified in decreasing order of 

VI, divided by the total surface. The values in this 

column are therefore all between 0 and 1. 

➢ Create a fifth column in the same way as the 

fourth but using the values of the land areas where 

landslides have occurred. 

➢ Construct the success curve using the values 

in the fourth column on the abscissa and those in the 

fifth column on the ordinate, using a logarithmic 

scale. 

In summary, this process allows you to create a 

logarithmic curve that represents the success rate of 

the model used for terrain susceptibility mapping. 

This curve is constructed by using the informative 

values exported from the GIS and by calculating the 

accumulations of the land surfaces classified in de-

scending order of VI. 

The Fig.6 presents the value "AUC", which is 

the abbreviation of "Area Under the Curve". This 

value is a measure of the reliability of the model and 

has no unit. The higher the AUC value, the more 

robust the model is considered. In general, a value 

greater than 0.85 indicates a good model for repre-

senting susceptibility. In this case, the value of the 

AUC is 0.86, which constitutes a first element of 

validation of the model created. 
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Source: superposition of variables in Fig. 3 

Directed by: Maktite Abderrahim 

Fig. 5. Susceptibility map of the study area 
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Source: Susceptibility map database 

Fig. 6. Success curve 

 

It can be observed on the curve that the value 

0.1 on the abscissa axis corresponds to a value of 

0.61 on the ordinate axis. This means that the 10% 

of the surface of the study area that was identified by 

the model as having the greatest susceptibility con-

tains 61% of the suspected landslides. Additionally, 

79% of suspected landslides are in the 25% most 

likely terrain. These results testify to the reliability 

of the model, which succeeded in identifying the 

surfaces most susceptible to slippage. Assuming 

that, the next slides will take place under conditions 

similar to the previous ones. 

The validity of the constructed model was con-

firmed using the landslide data that was used to con-

struct it. However, to more accurately assess its ac-

curacy, it would be necessary to introduce another 

method and to verify whether the model produces 

comparable results. This principle was used to create 

the forecast curves. 

A common practice is to randomly divide a da-

taset into two groups in order to construct a forecast 

curve from a single dataset. The process involves 

using the first group to develop a susceptibility 

model, which is then assessed using the second 

group. This method was used in the case of 277 pre-

sumed landslides, where the first group of 124 land-

slides (land movement cited by: André A. and El 

Gharbaoui B., 1973) was used to create a suscepti-

bility model. The latter was then validated based on 

the 153 points of the second group (quoted from 

Google Earth images). Using this approach, a pre-

diction curve was established (shown in red in Fig. 

6) and can be compared to the success curve (in blue 

in Fig. 5) to assess model performance. 

4.2. Development of Forecast Curves 

To assess the performance of the susceptibility 

representation model, two prediction curves were 

developed in this study. 

The first curve was constructed by randomly sepa-

rating the 277 presumed landslides into two groups. The 

first group, comprising 124 landslides from the geomor-

phology map (El Gharbaoui, 1981) and the André Filipe 

map (table 2), was used to generate the susceptibility 

map, which should not be confused with the map con-

structed from all 277 slips. Then, the remaining 153 

swipes from the second group were used to validate the 

same map. A prediction curve was then created using 

the same methods as for the success curve. 

The prediction curves are visually compared to 

the success curve and their accuracy is assessed by 

calculating the area under each curve. This analysis 

makes it possible to assess the accuracy of the sus-

ceptibility model and to determine its reliability for 

predicting new landslides. 

4.2.1. Forecast Curve 1 

The model used for this validation was devel-

oped from the 277 points. The prediction curve 1 

obtained (in red in Fig. 6) was compared to the suc-

cess curve (in blue in Fig. 5). 

The prediction and success curves have notable 

similarities, while their area under the curve (AUC) 

values is close. 

The analysis of the success curve shows that the 

model is highly effective. Specifically, 10% of the area 

identified as most likely to experience slips contains 59% 

of the actual slips, while 25% of the most likely area 

includes 78.5% of the slips. This indicates that the mod-

el is very reliable in predicting where slips will occur.

AUC= 0,8632
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Source: Susceptibility map database 

 

Fig. 7. Forecast curve 1 

 
The prediction curve 1 obtained using the model 

created from the 124 points is very close to the suc-

cess curve (Fig. 5). The shape of their plot is similar, 

and their AUC is higher than that of the success pre-

diction curve, which was 0.8632. 

 

4.2.2. Forecast Curve 2 

Nevertheless, the evaluation focused on the re-

sistance of the model developed from the points of 

group 1. Thus, a second forecast curve was estab-

lished to evaluate the one created from the 277 po-

tential slips, which were used to establish the sus-

ceptibility map of the study area. 

The results of forecast curve 2 confirm the accu-

racy of the model developed, where the most likely 

10% of the surface contains 57% of the confirmed 

landslides and the most likely 25% contains 78% of 

these landslides. These results demonstrate the effec-

tiveness of the inventory carried out to create a mod-

el of land susceptibility. Consequently, the infor-

mation collected on this area is sufficient to create a 

fairly accurate terrain susceptibility model. 

 

 
Source: Susceptibility map database 

 

Fig. 8. Forecast curve 2 
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B. Hazard Map of the Area 

The hazard map is generated from the suscepti-

bility map based on the 277 presumed landslides and 

validated by the success and prediction curves. Each 

class in the susceptibility map is associated with a 

probability of temporal occurrence (Zêzere et al., 

2004), assuming that the amount of land that will 

slip in the study area over the next forty years will 

be similar to that which has slipped in the past forty 

years. The choice of this forty-year period was moti-

vated by the availability of data from a previous 

study carried out by El Gharbaoui in 1981, a period 

marked by heavy rainfall that triggered numerous 

landslides, thus offering a learning opportunity. 

Using this assumption, the estimate of the total ar-

ea of the area that will experience landslides over the 

next forty years is obtained by adding the areas of 

landslides that have occurred in this area over the past 

forty years. This sum gives a value of 21,973,800 m². 

Quantiles were used to distribute the hazard val-

ues, creating four classes with approximately equal 

areas containing an equivalent number of values. 

However, it is important to note that the number of 

pixels in each class may vary slightly due to the 

grouping of pixels with similar values in the same 

class. The probability P for each class was calculated 

using the x and y coordinates of the success curve, 

which helps to determine the probability of a slip 

occurring in a pixel belonging to a given class over 

the next 40 years. For example, class 3 has a proba-

bility of 0.017, which means that there is a 1 in 59 

chance of experiencing landslide within the next for-

ty years (as shown in Table 3). 

Thus, the hazard map presented indicates the 

probability of occurrence of a landslide for each pix-

el of the study area over the next forty years. 

The hazard map is based on the susceptibility 

map of the studied area (Zêzere et al., 2008), which 

was presented previously. However, the hazard map 

differs from the susceptibility map because it incor-

porates not only the spatial susceptibility, but also 

the temporal probability of landslide for each pixel 

over the next forty years. The values obtained make 

it possible to assess the severity of the hazard ac-

cording to the probability of a landslide. The results 

are presented in Table 4 and will be used to generate 

the risk map. 

C. Vulnerability Map 

Research on landslide vulnerability on a global 

scale is limited, which makes the assessment method 

proposed in this study rather forward-looking and 

potentially in need of further study. However, this 

method allows an overall assessment of the vulnera-

bility of an area, as well as its impact on the repre-

sentation of risk. 

The study of the vulnerability of the study area 

was based on two main criteria: the first is the crite-

rion of bodily harm, which includes a population 

index and a road use index (Tables 5 and 6), while 

the second is the structural damage criterion, which 

includes a population density index and a road dam-

age index (Tables 7 and 8). 

 
Table 3  

Values of the probability of temporal occurrence obtained by equation (2) 

 

Hazard 

classes 

Surface 

m² 

Contact 

details P r =y i -y i-1 
Probability 

P 

Chance of slip-

ping in 40 years 
x y 

1 48437165 0.25 0.79 0.79 0.358 1⁄3 

2 48375733 0.50 0.96 0.17 0.077 1⁄13 

3 48585329 0.75 0.997 0.037 0.017 1⁄59 

4 48288816 1 1 0.003 0.0014 1⁄714 

 

 

Table 4  

Qualification of hazard classes 
 

Class Probability 

Chance of experienc-

ing slippage in 40 

years 

Hazard 

1 0.358 One in 3 Very weak 

2 0.077 One in 13 Weak 

3 0.017 One in 59 Strong 

4 0.0014 One in 714 Very strong 
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The global vulnerability map was developed 

based on two separate maps assessing structural 

damage and bodily harm. To build these maps, loss 

index values were assigned to different elements at 

risk. For each pixel, the sum of the loss indices of 

these different elements was calculated, then the re-

sults were normalized on a scale of 0 to 1 to repre-

sent the vulnerability. A value of 1 corresponds to 

areas most likely to sustain significant damage. 

 

 
Source: Susceptibility map database 

Directed by: Maktite Abderrahim 
 

Fig. 9. Hazard map of the study area 
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Table 5 

Risk index related to road use  

 

IV value Number of users Type of roads 

1 5230 National Road N16 

0.957 5003 A4 motorway 

0.488 2554 Regional Road P4701 

0.375 1962 Regional Road P4613 

0.325 1700 Regional Road P4703 

0.001 – 0.006 Between 5 and 30 Road Walking 

0.001 4 Railway 

Source: fieldwork + DRETL 

 

Table 6  

Risk index linked to the number of populations  

 
IV val-

ue 

Number of 

habitats 
Regions IV value 

Number of 

habitats 
Regions 

0.28 512 ANASSAR 0.27 510 AIN CHOUKA 

0.25 466 MANSOURA 0.09 177 AIN LAAKAYZ 

0.11 209 ELHAMA 0.29 545 OUED GHLALA 

0.22 404 ZHARA 0.53 989 AIN RMEL 

0.53 991 ELGHOUJIN 0.73 1355 BOUAAYAD 

0.13 242 HTATECH 0.14 267 DALYA 

0.50 927 
KSSER LMAJAZ CEN-

TER 
0.58 1075 

DCHER BIN 

LWIDAN 

0.26 490 KSSER SGHIR 1 1856 DHER LGHAROUB 

0.58 1075 MLICH 0.41 753 LACHBA 

0.14 260 OUED RMEL 0.33 614 DKCHER 

0.26 475 TAGHREMT 0.26 488 DCHICHA 

Source: 2014 census 

 
Table 7  

Risk index linked to the density of habitats 

 

Habitat density index Municipality or city   
Habitat density in-

dex 
Municipality or city 

0.624 Melloussa 1 Ksser Sghir 

0.314 Alain 0.904 Anjra 

0.309 Taghremt 0.669 Ksser lmajaz 

Source: 2014 census 

 

Table 8  

Risk index linked to the number of ground movements 

Source: fieldwork 

IV value Landslide inventory Type of roads 

1 23 Regional Road P4701 

0.652 15 Regional Road P4703 

0.609 14 Regional Road P4613 

0.391 9 National Road N16 

0.130 – 0.043 Between 1 and 3 Road Walking 

0 0 A4 motorway 

0 0 Railway 
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Source: field work + 2014 census  

Directed by: Maktite Abderrahim 
 

Fig. 10. Bodily injury map                                                           Fig. 11. Structural damage map 

 

Body and structural vulnerability maps have 

significant similarities due to the risk elements taken 

into account when developing them. Areas where 

there is a significant concentration of at-risk ele-

ments such as inhabitants, Douars and roads display 

a higher vulnerability compared to areas where these 

elements are less present. In addition, there is a cor-

relation between certain forms of vulnerability for 

certain elements at risk, especially for roads, where 

bodily and structural vulnerabilities are high. 

The vulnerability values have been divided into 

four classes separated into quantiles, in the same 

way as for the susceptibility of the terrain or for the 

hazard. The results, shown in Table 9, were used to 

create the risk map. 

By examining Figs 9 and 12, it can be seen that 

the areas with very high vulnerability are mainly 

found in the northern part of the study area, while 

the land exposed to a strong hazard is located in the 

northern half near the port and forest projects. This 

suggests that the inhabitants have not developed a 

certain awareness of the risks, choosing to settle in 

areas where the hazard is higher. 

D. Risk Map 

Quantiles of hazard and vulnerability classes 

have been established (see Tables 4 and 9). The risk 

is then assessed by crossing these hazard and vul-

nerability classes (see Table 1). 

The risk map results from the combination of 

the hazard and vulnerability maps. The areas most at 

risk are mainly located in the northern half of the 

study area, which corresponds to the most vulnerab-

le area. 

Table 9  

Qualification of vulnerability classes 

 

Classes Loss index value Vulnerability 

1 From 0 to 0.24 very low 

2 From 0.25 to 0.30 Weak 

3 From 0.31 to 0.36 Strong 

4 From 0.37 to 1 Very strong 
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Source: Overlay of maps Figs 10 and 11 

Directed by: Maktite Abderrahim 
 

Fig. 12. Vulnerability map of the study area 

 
Table 10 

 Qualification of risk classes 
 

Classes Risk index value Type of risk 

1 From 0 to 0.24 Very weak 

2 From 0.25 to 0.30 Weak 

3 From 0.31 to 0.36 Strong 

4 From 0.37 to 1 Very strong 

Source: Description of the method 

Directed by: Maktite Abderrahim 
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Source: overlay of maps Figs 9 and 12 

Directed by: Maktite Abderrahim 

 

Fig. 13. Landslide risk map 

 

Although the accuracy of the susceptibility map 

was confirmed by the success and prediction rates, 

the validity of the risk map can be questioned as it 

was developed from the vulnerability map which 

requires study with a more in-depth methodology. 

Additionally, the vulnerability map only considers 

risk items for which data are available, which may 

affect the accuracy of the risk map. 

In order to ensure effective land use planning, 

regions presenting a high risk will require the im-

plementation of prevention and protection measures. 

One of the most important preventive measures is to 
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prohibit construction in high-hazard areas. Drainage 

can be used to prevent slope erosion, while refor-

estation can reduce the impact of water on soils. Ex-

cavating the top of rotational landslides can help 

stabilize these areas, while building retaining walls 

along roads can retain soils. 

For areas with moderately high risk, it is essen-

tial to design them in such a way that they do not 

increase the existing risk. Prevention and protection 

measures can also be put in place to reduce the level 

of risk and bring it down to an acceptable level, thus 

ensuring a more secure development. 

 

IV. Conclusion 

The objective of this study is to develop meth-

ods for assessing the hazard and risk associated with 

landslides using a common conceptual model. This 

method made it possible to generate a susceptibility 

map for the study area, as well as hazard, vulnerabil-

ity and risk maps associated with this same area. The 

resolution of the Digital Terrain Model (DTM) used 

for this study was 10 meters, which provided de-

tailed results for in-depth regional analysis. The 

evaluation of the quality of the susceptibility model 

was carried out using success and prediction curves, 

thus demonstrating the reliability and accuracy of 

the method employed. 

The hazard map was developed based on the as-

sumption that the amount of land that will slip in the 

study area over the next forty years will be similar to 

that which has slipped in the same area over the past 

forty years. This hypothesis is interesting because it 

only requires information on the area of the land-

slides and their approximate date to calculate the 

temporal probability of occurrence of the landslides, 

thus making it possible to obtain the hazard map. 

By crossing the hazard and vulnerability maps, 

a risk map was generated. The method developed in 

this study is promising because it allows obtaining 

significant results with a relatively small volume of 

data. This represents a considerable advantage for its 

application in the Regional Development Plans. 
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МОДЕЛИРОВАНИЕ ОПОЛЗНЕЙ, ОБРАЗУЮЩИХСЯ В ВЕРХНЕЙ ЧАСТИ ПОРТА ТАНЖЕР-МЕД  

(ТАНЖЕР, МАРОККО), С ИСПОЛЬЗОВАНИЕМ ГИС И СТАТИСТИЧЕСКОГО МЕТОДА  

 

Мактит А., Фалех А. 

Факультет литературы и гуманитарных наук, Саис-Фес, кафедра географии,  

Университет Сиди Мохаммед бен Абделла, Фес, Марокко 

 

Резюме. Данное исследование имеет решающее значение для понимания проблем, с которыми сталкивается порт Тан-

жер-Мед – стратегический узел международной торговли. Расположенный в горном регионе, этот порт очень уязвим для 

стихийных бедствий, особенно оползней. Нужно подчеркнуть, что с учетом полученных данных, исследование, проведен-

ное на испытательном полигоне площадью 193 км², зафиксировало 277 движений по склону, что составляет около 11% от 

общей площади. При оценке восприимчивости местности использовался метод информационной ценности для картирова-

ния перемещений за последние десятилетия, а также шесть предрасполагающих к ним факторов.  
Результаты показывают, что почти 31% общей площади очень восприимчивы к массовым движениям, 22% очень чув-

ствительны, а 23,3% представляют малую угрозу. Эти результаты были сопоставлены и подтверждены с использованием 

успешных показателей и кривых прогнозирования. Кроме того, надо отметить, что было выделено пять основных классов 

риска оползней на неосвоенных или малоосвоенных территориях с низким или незначительным значением риска и на осво-

енных территориях горных склонов с очень высоким его значением.  

Таким образом, точное картирование и анализ рисков необходимы для разработки стратегий управления и предотвра-

щения оползней с целью минимизации потенциального воздействия на портовую инфраструктуру и связанную с ней эконо-

мическую деятельность. В заключение можно сказать, что данное исследование способствует лучшему пониманию геоло-

гических рисков в регионе и, что более важно, реализации соответствующих мер по обеспечению безопасности и устойчи-

вости порта. 

Ключевые слова: порт, Средиземноморский Танжер, информативность, кривые успешности, кривые прогноза 

 

QGT VƏ STATİSTİK METODDAN İSTİFADƏ EDİLMƏKLƏ, TANJER-MED LİMANININ (TANJER, MƏRAKEŞ) 

YUXARI HİSSƏSİNDƏ ƏMƏLƏ GƏLMİŞ SÜRÜŞMƏLƏRİN MODELLƏŞDİRİLMƏSİ 

 

Maktit A., Faleh A. 

Ədəbiyyat və humanitar elmlər fakültəsi, Sais-Fes, coğrafiya kafedrası, 

Sidi Moxammed ben Abdella Universiteti, Fes, Marakeş 

 

Xülasə. Bu tədqiqat, beynəlxalq ticarətin strateji mərkəzi olan Tanca-Med portunun qarşılaşdığı problemlərin başa düşülməsi 

üçün həlledici əhəmiyyət daşıyır. Dağlıq bir bölgədə yerləşən bu port, təbii fəlakətlərə, xüsusilə sürüşmələrə qarşı çox həssasdır. 193 

km² sahəsi olan sınaq poliqonunda aparılan tədqiqat, ümumi sahənin təxminən 11%-ni təşkil edən 277 yamac hərəkətini qeydə 

almışdır. Əlavə olaraq, qeyd etmək lazımdır ki, ərazinin həssaslığının qiymətləndirilməsində son onilliklərdə baş vermiş yerdəyiş-

mələri xəritələşdirmək üçün məlumatın qiyməti metodu və onlara səbəb olan altı amildən istifadə edilmişdir. Bundan əlavə əldə 

edilən nəticələr göstərir ki, ümumi sahənin təxminən 31%-i kütləvi hərəkətlərə çox həssasdır, 22%-i isə yüksək dərəcədə həssasdır və 

23,3%-i az risk daşıyır. Həmçinin bu nəticələr uğurlu göstəricilər və proqnozlaşdırma əyrilərindən istifadə edilərək təsdiq edilmişdir. 

Aşağı və ya əhəmiyyətsiz risk dərəcəsi olan inkişaf etməmiş və ya az inkişaf etmiş ərazilər və yüksək risk dərəcəsi olan dağ 

yamaclarında yerləşən inkişaf etmiş ərazilər üzrə beş əsas sürüşmə riski sinfi müəyyən edilmişdir. Port infrastrukturuna və ona bağlı 

iqtisadi fəaliyyətə potensial təsiri azaltmaq məqsədi ilə sürüşmələrin idarə olunması və qarşısının alınması üçün dəqiq xəritələşdirmə 

və risklərin təhlili vacibdir. Nəticə etibarilə, bu tədqiqat regiondakı geoloji risklərin daha yaxşı başa düşülməsinə və daha da 

əhəmiyyətlisi, port təhlükəsizliyi və davamlılığını təmin etmək üçün müvafiq tədbirlərin həyata keçirilməsinə töhfə verir. 

Açar sözlər: port, Tanca Aralıq dənizi, məlumatlılıq,uğurluq əyriləri, proqnoz əyriləri 
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