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Abstract: Earthquake events present a high risk in urban areas. Nador City is a Mediterranean city located in 

a dynamic zone with seismologic movement and a frequency of earthquake events per year. This worrying rate 

shows that earthquake risks can hinder the urban area and damage citizens and goods if urban risk 

management is not taken. This study defines the areas most threatened by seismic events to protect them as a 

priority. Using Geographic Information System, Corine Land Cover, seismic intensity, and socioeconomic 

vulnerability index, we mapped the urban vulnerability index. The adopted model determines urban 

vulnerability levels from urban land cover, topography geologic factors, and geomorphologic factors. These 

approaches reveal that 70% of Nador is under the damage of a seismic disaster. In addition, the main objective 

is to apply a new set of guidelines to map the intensity of risks and explain the distinct risk exposure level in 

Nador’s urban context. 
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1. Introduction 

Coastal cities in the Mediterranean region experience natural disasters, and out of all these, 

seismic risks have remained paramount. Nador indeed could be regarded as an example of sensitivity 

to geological events because it is in the area where active movements of African and Eurasian tectonic 

plates are observed. Therefore, the identification of the seismological risks involved when 

constructing a city like Nador is critical for the public good as well as in developing a sustainable city 

for future growth and urban longevity. Before advancing to the results of the paper, it is pertinent to 

highlight that the paper relies on prior research carried out on seismic risks in Nador [1]. Geological 

surveys documented the location of active faults in the area and estimated urban vulnerability [2]. 

Historical seismography studies revealed that previous earthquakes tend to be repeated concerning 

the local seismicity [3]. Social scientists simultaneously analyzed building systems for earthquake 

resistance and edge of social vulnerabilities in sensitive cities. A holistic approach that focuses on 

individual aspects of Nador Earth-quake risk [4]. 

Earthquake risk assessment is a matter for another area. Geology identifies active faults, 

seismology examines old earthquakes, and social science examines resilience and social vulnerability 

levels. Although valuable, these factors have operated in isolation, hindering the development of 

comprehensive mitigation strategies [4]. 

Risk analysis entails the identification of potential risks, the judgment of the consequences, and 

the probability of their occurrence [5]. The concept is mostly used in the healthcare, industrial, and 

insurance industries, which rely heavily on accurate forecasting of natural disasters [6]. However, the 

concept of risk has different definitions in different sectors, such as business, finance, and 

infrastructure [7]. Despite these variations, one thread is clear: uncertainty (probability) and loss 

(likelihood of outcome) are the determinants of risk. The equation Risk = (Hazard) x (Vulnerability) 

x (Exposure to Hazard) reflects this concept [8,9]. 
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This is a holistic view of the seismic theory that integrates the risk assessment approaches. 

Therefore, it will become our analytic framework [10]. United Nations Office for Disaster Risk 

Reduction indicates that the risk refers to the possibility of a hazardous event at specific times and 

places [11]. Pursuing the opinion of Cohen A. V. (1984), the risk could be considered one of the 

outcomes that are not good as a damage [12]. 

The commonly used term risk has a deeper meaning, especially when it comes to such activities 

as risk evaluation and management [13]. To answer the question of what counts, it is necessary to use 

the definitions stated in literature and embrace such distinctions of understanding that imply both 

quantitative and qualitative dimensions [14]. 

Gibbs, M. T. et al. (2015) concluded that the risk is the probability of growth occurring at a 

particular time and place [13]. Hantz D. et al. (2021) and Smith K. (1993) have demonstrated a risk 

definition for the possibility of something bad happening. Risk involves uncertainty about the 

effects/implications of an activity with respect to something that humans value (such as health, well-

being, wealth, property, or the environment), often focusing on negative, undesirable consequences 

[15,16]. 

These conceptualizations provide an understanding of how historical information, the use of 

statistics, and modeling for assessing the likelihood of potential risks are important. These 

quantitative assessments serve as the basis of various approaches that are used in calculating risks 

by which we can predict certain events which are likely to happen with a certain degree of certainty. 

While the quantitative aspect is crucial, relying solely on probability can provide an in-complete 

picture. Recognizing this limitation, Varnes DJ. (1984) suggests a complementary perspective, 

defining hazard as “a condition with the potential for causing an undesirable consequence” [14]. 

This qualitative angle aligns with the definitions proposed by Alexander D. (1993) and Blaikie 

P. et al. (2004), who showed that the threat is a “hazard with the potential to cause damage” and a 

“chance with the ability to result in poor effects” respectively [17,18]. 

Embracing the qualitative size fosters a deeper knowledge of the inherent damage associated 

with diverse phenomena, no matter their likelihood of occurrence. This broader know-how is 

important for successfully preparing for and mitigating the potential effects of diverse unsafe 

occasions, even those with a low possibility. 

Vulnerability, a term often used colloquially to describe the potential for harm or susceptibility 

to adverse events, carries significant weight in scientific discourse across various fields, including 

climate change, poverty alleviation, and natural hazard management [18]. In these disciplines, 

scientist have sought to refine and define vulnerability more precisely, emphasizing its multifaceted 

nature and the dynamic interplay of factors that contribute to it. 

In the realm of theoretical understanding, vulnerability remains somewhat abstract, with 

definitions often lacking specificity. However, operational definitions methodologies developed to 

assess vulnerability provide tangible frameworks for analysis. These methodologies typically fall into 

three categories: evaluating the potential harm under projected future scenarios, assessing the current 

capacity to mitigate harm, or combining both approaches to provide a comprehensive understanding 

of vulnerability dynamics. 

One focal observation is the disparity amongst theoretical and operational definitions, 

highlighting a need for greater coherence and alignment in conceptualizations of vulnerability 

throughout disciplines. 

According to Aksha S.K.et al (2019), vulnerability may be understood as the manifestation of 

inherent states inside a machine that render it liable to extreme risks or exploitation, resulting in 

detrimental effects [19]. 

Aven T. (2011) and Wolf S.et al (2013) offer a nuanced view, defining vulnerability as the set of 

characteristics that determine a person or group’s ability to anticipate, cope with, resist, and recover 

from the impacts of a hazard. This definition underscores the dynamic nature of the vulnerability, 

fashioned with the aid of a complex interaction of external elements which includes environmental 

modifications and financial shocks, in addition to internal factors like social inequalities and useful 

resource availability [20,21]. 
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From an environmental perspective, Kreimer A.et al (2003) expands the idea of vulnerability to 

encompass the degradation and next loss of environmental goods and services. This broader 

perspective recognizes the inter-connectedness of human societies and their environment, 

highlighting how environmental degradation can exacerbate vulnerabilities and increase 

susceptibility to adverse impacts [22]. 

Overall, these various perspectives on vulnerability underscore its complexity and dynamic 

nature, urging researchers and policymakers to adopt holistic approaches that consider a wide range 

of factors when assessing and addressing vulnerability in different contexts. Earthquakes pose 

massive risks to people, property, and structures. This risk may be divided into three main classes: 

human stakes, property stakes, and gadget stakes. Human stakes check with the direct and indirect 

influences on individuals at some stage in natural disasters [23]. During those occasions, huge 

numbers of human beings can suffer accidents, displacement, or homelessness. The loss of lifestyles 

and bodily injuries are devastating consequences that require on-the-spot emergency response and 

lengthy-time period restoration efforts [24]. Property stakes involve the potential harm and 

destruction of buildings, infrastructure, and belongings all through extreme disasters [25]. The latest 

surge in natural has demonstrated the widespread cost perspective of those activities, with 

widespread environmental and structural damage leading to massive asset losses [26]. Losses 

because of herbal disasters are typically measured in greenbacks for contrast functions [27]. System 

stakes encompass the potential disruption or damage to critical infrastructure, essential services, and 

economic systems. These systems include transportation networks, power grids, communication 

systems, and supply chains. The stakes associated with natural phenomena are not static, but rather 

influenced by various factors [28,29]. The danger tolerance of individuals varies depending on their 

situations, and the threat of demise from natural disasters can be quite small in comparison to 

different life-style-associated activities and domestic accidents [30]. However, the effect on assets and 

infrastructure can be tremendous. This has mainly been the case with the populace and economic 

boom in catastrophe-prone regions. As highlighted in current studies [31–33], destiny natural disaster 

losses are expected to increase due to a continued upward push in monetary publicity and the 

outcomes of weather trade (See Figure 1 below). 

 

Figure 1. Types of Stakes. 
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Drawing on data from earthquake risk monitoring in Nador city, our investigation can begin by 

exploring four potential hypotheses: 

1. Nador is at a high risk of earthquakes due to its location on the Mediterranean coast and 

proximity to fault lines; 

2. Existing earthquake monitoring systems in Nador are inadequate to effectively 

3. assess and mitigate earthquake risks; 

4. The vulnerabilities of Nador, as a coastal city, are exacerbated by potential earthquake risks, 

leading to a greater threat of damage and casualties; 

5. Lessons learned from monitoring earthquake risks in Nador can be applied to improve 

preparedness in other vulnerable urban area. 

This study proposes a novel approach that transcends past limitations. We will integrate data 

from various disciplines, fostering a holistic perspective on earthquake risk assessment. This synergy 

will enable the development of more effective mitigation strategies that address the multifaceted 

nature of seismic vulnerability. 

Our research takes a comprehensive method that integrates geographic, seismic and 

socioeconomic data to develop a thorough understanding of urban vulnerability. However, we focus 

on proposing strategies that can be used to reduce future earthquake impacts. This paper evaluates 

deeply the specific seismic hazards in Nador and is a case study that sheds light on the complex 

challenges faced by vulnerable coastal communities in the Mediterranean region. 

In this manuscript, we develop a methodology that uses available seismic data, topography, 

geomorphology, and urban data to analyze the profile of the relative urban vulnerability of seismic 

risk production across Nador City. To do this, we examine the relative risks of earthquake hazards 

for eight factors: urban land cover, slope index, geomorphology, seismic frequency, and urban 

building quality. Additionally, we develop spatial distribution functions for seismic hazards for each 

crop based on historical earth-quakes from 1901–2024. We believe that illustrating how the risks to 

communities and the urban context they rely on are likely to change as cropping patterns change will 

facilitate the development of sustainable policies and practices. 

2. Materials and Methods 

2.1. Study Area 

Nador, a Mediterranean city in north-eastern Morocco, is nestled between the Gourogou 

mountain to the west and north and the port of Beni Ensar to the west. Stretch-ing approximately 75 

kilometers in a generally east-northeast to west-southwest direction, it encompasses the urban areas 

of Nador city, Arekmane, the Marchica dune lido and Beni N’sar city (See Figure 2 below). 
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Figure 2. Study area Nador, Northern Morocco. 

2.2. Seismic Data 

The coastal area of the Oriental region is a point of inter-plate shaking of the African continent 

where the Alboran plate and the continental plate of Europe interact. Indeed, several seismic activities 

are active on the different sites of the Saïdia-Nador coasline. 

The domains of Southern Spain (Betic Cordillera) and Northern Morocco (Rif) are 

geodynamically linked to the Alboran domain, located between Iberia and Africa [34]. The Betico-

Rifain domain, structured during the Alpine cycle [35], is divided into numerous highly fractured 

tectonic scales, with a great geological contrast between these units. The Rif nappes overlap the 

African margin itself to the South [34]. In this situation, the Betics and the Rif undergo stresses related 

to the north-west and the south-east oblique convergence between Africa and Eurasia, at the level of 

the Alboran domain [36]. The average rate of this convergence has been estimated between 3 and 5 

mm/year [37,38]. The distribution of earthquakes at depth allows us to locate potentially active crustal 

faults (See Figure 3 below). 
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Figure 3. Seismic event Nador City from 1901 to 2024. 

2.3. Geomorphologic, Stratigraphic and Geologic Data 

Analyzing geomorphological data in a study helps us understand past environmental shifts [39]. 

By examining evidence like stream networks, terraces, ancient shorelines, and slope land forms [40], 

we can gather clues about the tectonic activity and seismic hazards that sculpted Nador’s landscape. 

This analysis also allows us to evaluate slope stability, erosion patterns, and susceptibility to 

landslides, aiding in predicting future landscape changes and mitigating potential hazards within 

Nador city (See Figure 4 below). 
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Figure 4. Geomorphological map. 

Stratigraphic data, on the other hand, enriches our understanding of ground stability and helps 

identify areas suitable for urban planning based on building engineering regulations. By studying 

the sequence of layered rocks, stratigraphy offers a window into the history of the underground rock 

formations [41] (See Figure 5 below). 

 

Figure 5. Stratigraphical map. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 June 2024                   doi:10.20944/preprints202406.1121.v1

https://doi.org/10.20944/preprints202406.1121.v1


 8 

 

Geological data, encompassing a broader range of information, provides details about the 

Earth’s features, structures, and processes within Nador. Identifying the types of rocks and minerals, 

along with seismic activity and gravitational measurements, reveals valuable information about the 

region’s geotechnical history and past seismic events [42] (See Figure 6 below). 

 

Figure 6. Geological map. 

2.4. Topography Data 

The topographic Map of Nador (1/50,000 Scale) provides detailed information about the 

elevation and terrain features within the Nador study area. Topographic maps are essential tools for 

understanding landscape variations and serve as a valuable baseline for further analysis [43]. 

Shuttle Radar Topography Mission (SRTM) Data, acquired during the joint mission between the 

National Geo-spatial Intelligence Agency (NGA) and the National Aeronautics and Space 

Administration (NASA) provided comprehensive digital elevation model (DEM) coverage for the 

entire study area. SRTM data is particularly valuable for its near-global coverage and high-resolution 

elevation information, making it a crucial resource for various topographic studies. 

This data helps us understand the topographic landscape, including factors like elevation, slope 

and hillshade. These topographic factors play a crucial role in identifying areas susceptible to 

landslide risks during earthquake events (See Figure 7 below). 
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Figure 7. Topography characteristic in the Nador area. 

Figure 7 presents a comprehensive visualization of the Nador region’s topography, 

incorporating several key elements. Elevation variations are depicted using a color gradient, with 

higher areas shown in darker browns and lower plains in lighter yellows transitioning to white, 

allowing for quick visual identification of mountainous regions and plains. Hillshade adds a three-

dimensional texture, highlighting slopes and ridges, revealing subtle variations in topography 

beyond elevation data. Additionally, explicit slope percentages provide a precise understanding of 

steepness, crucial for land-use planning, infrastructure development, and hazard assessments like 

landslide risks. While the specific details of “topographic unity” are not directly evident, it likely 

refers to the overall uniformity of land forms within a region, such as consistent slope angles, 

prevalence of specific features (mesas, buttes), or repetitive ridge and valley patterns. 

Key observations from the figure include the mountainous region’s steep slopes exceeding 20% 

(darker tones and steeper labels), suggesting rugged terrain. In contrast, the Bouareg plain exhibits a 

significantly flatter slope ranging from 0 to 15% (lighter tones and gentler slopes), indicating a more 

level area potentially suitable for development or agriculture. 

2.5. Land cover Data 
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The data from Marchica planning plots with a spatial scale of 1:5000 cm was obtained and used 

as a reliable source to accurately assess and analyze the land cover with-in the study area. The 

planning plots data provided the possibility of time highest detailed information about urban area 

around Marchica Lagoon. Additionally, Participatory Learning and Action techniques were applied 

to gain a deeper understanding of the land cover conditions and constraints, specifically related to 

urban and environmental awareness. A geophysical survey was also conducted in Nador city to 

examine the use of open spaces and the boundaries of anthropogenic activity. The Figure 8 provided 

below is established based on land cover plots, satellite imagery, topographic map and urban 

planning document. 

The Figure 8 is created based on Corine land cover rules. The Corine Land Cover (CLC) 

methodology establishes a standardized set of rules for symbolizing and mapping land cover changes 

across various detection and interpretation activities [44]. This data set serves as a crucial reference 

for decision-makers, providing insights into spatial dynamics at multiple scales [45]. 

This mapping approach, encompassing forests, urban areas, wetlands, and more, is valuable for 

assessing seismic risk. By identifying vulnerable areas with land cover data, it can pinpoint locations 

susceptible to earthquake damage. For instance, buildings on loose soil are more prone to shaking 

compared to those on bedrock. Furthermore, Corine Land Cover data is primordial for emergency 

planning, allowing for assessments of potential infrastructure damage and prioritization of areas 

requiring emergency response after an earthquake. So, incorporating land cover data into risk 

modeling helps scientists create more accurate models to predict potential earthquake impacts (See 

Figure 8 below). 

 

Figure 8. Land cover map of Nador city. 

2.6. Method for Estimating Seismic Risks Intensity 

Seismic risk intensity estimation involves a comprehensive approach integrating seismic hazard 

analysis, vulnerability assessment, and exposure analysis. Generally, seismic intensity measures are 

divided into continuous (seismic acceleration, velocity, and response spectrum) and discrete 

(macroscopic seismic intensity) types [46]. Initially, seismic hazard is evaluated, considering 

historical data and geological studies to determine earthquake probabilities and potential ground 

shaking. Concurrently, vulnerability assessment examines the susceptibility of structures and 
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populations to seismic hazards, analyzing the construction quality and fragility of various elements. 

Exposure analysis identifies elements at risk, such as buildings and critical infrastructure, accounting 

for population density and economic assets. Integrating these assessments yields an overall seismic 

risk intensity estimation. Visualization through risk maps aids in the communication of results to 

decision-makers and the public, facilitating informed mitigation strategies including infrastructure 

strengthening, land use planning, and emergency preparedness. This holistic approach aims to 

reduce the impact of earthquakes on communities and infrastructure. 

Many scientists have developed a statistical model of seismic intensity measures. Li SQ. (2024) 

considered the impact of multiple seismic risk factors on structural seismic risk, and vulnerability 

and proposed a ground motion prediction equation considering site conditions for large-scale seismic 

risk assessment [47], as expressed in equation (1) below: 

���(���, �) = �[���(���, �) ⃒��, �, ��, ]  +  �� + � (1)

This equation represents the seismic intensity (���, �)  measured under the influence of 

earthquake hazard (b) and site feature (a). The term �[���(���, �) ⃒��, �, ��, ] represents the mean 

of the logarithm of the intensity measure (IMa,b) considering the distance (r) between the source and 

the site and the characteristic site parameter (θ). The terms θi, ηb and ε represent the internal event 

residual values and zero mean Gaussian residual coefficients affected by earthquake hazard (b), 

respectively. 

2.7. Method to Evaluate Vulnerability Index 

The Socioeconomic Vulnerability Index (SVI) is a tool that can be used to measure the 

vulnerability of a coastal area in terms of its socioeconomic development [47,48]. It is considered an 

index that reflects the intensity of each parameter on the territory and population of the coastal zone 

of the northern part of the Oriental region. 

Vulnerability index method helps evaluate the impact of earthquake hazards on humans and 

goods. This indicator assesses the impact levels. his indicator assesses the impact levels. 

Understanding vulnerability help to analyze spatial extension and how can urban areas be managed 

to enhance their resilience and ensure the safety of citizens and their property. The evaluation of 

vulnerability index is based on equation (2). As proposed by Iervolino I. et al. (2023), a higher value 

of score signifies higher vulnerability. After normalization of all variables between 0 (least vulnerable 

building) and 1 (highly vulnerable building), the vulnerability index was calculated for the urban 

sector in Nador city by integrating the score of seismic intensity variable (��
�����) [49]. 

��
��������

=��
����� + ∆�� + ∑ ����

���  (2)

The vulnerability index (��
��������

)  corresponding to the class of built-up area considers a 

regional modifier based on building age and land characteristics (topography, soil, slope, 

geomorphology, and geology) that influence the seismic performance of the area. 

In the case of Nador city, the regional modifier was determined based on historical earthquake 

data and set to zero. Applying the vulnerability index method helps identify the main urban areas 

susceptible to seismic hazards. 

Our model, based on building type, age, and building position within its environment, was used 

to map the urban vulnerability index in Nador (See Table 1 below). We conducted a deep analysis of 

building characteristics and their positions within the environment. 

Table 1. Vulnerability indices for buildings typology. 

Typology  Description  
min VI 

,BTM  

VI-

,BTM  
VI*,BTM  VI+,BTM  

VImax 

,BTM 
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M1.1 
Rubble stone, 

fieldstone  
0.62    0.81 0.873 0.98  1.02 

M1.2  Simple stone  0.46  0.65  0.74  0.83  1.02 

M1.3  Massive stone  0.3  0.49  0.616  0.793  0.86 

M2  Adobe  0.62  0.687  0.84  0.98  1.02 

M3.1  Wooden slabs  0.46  0.65  0.74  0.83  1.02 

M3.2  Masonry vaults  0.46  0.65  0.776  0.953  1.02 

M3.3  
Composite steel 

and masonry slabs 
0.46  0.527  0.704  0.83  1.02 

M3.4  
Reinforced 

concrete slabs  
0.3  0.49  0.616  0.793  0.86 

M4  

Reinforced or 

confined masonry 

walls  

0.14  0.33  0.451  0.633  0.7 

M5  
Overall 

strengthened  
0.3  0.49  0.694  0.953  1.02 

RC1  
Concrete Moment 

Frames  
-0.02  0.047  0.442  0.8  1.02 

RC2  
Concrete shear 

walls  
-0.02  0.047  0.386  0.67  0.86 

RC3.1  
Regularly infilled 

walls  
-0.02  0.007  0.402  0.76  0.98 

RC3.2  Irregular frames  0.06  0.127  0.522  0.88  1.02 

RC4  

RC Dual systems 

(RC frame and 

wall)  

-0.02  0.047  0.386  0.67  0.86 

RC5  
Precast Concrete 

Tilt-Up Walls  
0.14  0.207  0.384  0.51  0.7 

RC6  

Precast C. 

Frames, C. shear 

walls  

0.3  0.367  0.544  0.67  0.86 

S1  
Steel Moment 

Frames  
-0.02  0.467  0.363  0.64  0.86 

S2  
Steel braced 

Frames  
-0.02  0.467  0.287  0.48  0.7 

S3  

Steel 

frame+unreinf. 

mas. infill walls  

0.14  0.33  0.484  0.64  0.86 

S4  

Steel frame+cast-

in-place shear 

walls  

-0.02  0.047  0.224  0.35  0.54 
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S5  
Steel and RC 

composite system  
-0.02  0.257  0.402  0.72  1.02 

W  Wood structures  0.14  0.207  0.447  0.64  0.86 

3. Results 

The results reveals that the frequency of the interactions between continental features and the 

Mediterranean drive the release of energy as seismic events [50]. Nador’s foundation rests upon a 

precarious amalgamation of sedimentary and alluvial rocks, including silt, alluvium, and salt flats. 

These loose and unconsolidated materials lack the robustness of harder rocks, rendering them more 

prone to ground shaking during seismic activity. Furthermore, their susceptibility to liquefaction 

exacerbates the risk, as saturated sediments can transition into a fluid-like state during earthquakes, 

causing structural damage and ground instability. 

3.1. Seismic Intensity 

The proximity of Nador to the plate boundary between the African and Eurasian plates increases 

the likelihood of seismic activity in the region, as evidenced by the frequent occurrence of 

earthquakes. Damage areas are divided into three levels (No damage, significant damage, and severe 

damage). The modelling of seismic intensity shows that the susceptible impact area is located in the 

southern part of Nador city, where 50% of the urban surface “1780.5 hectares” is at risk of earthquake 

disaster (See Figure 9 below). 

 

Figure 9. Seismic intensity map. 

An analysis of seismic event frequency in the Nador region reveals that over 260 events have 

registered magnitudes exceeding 5 on the Richter scale. Additionally, 200 tremors have been recorded 

with magnitudes exceeding 4 on the Richter scale. This high frequency of seismic activity suggests 

that Nador, a Mediterranean city, is situated within an active geotectonic zone hazard (See Figure 10 

below). 
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Figure 10. Seismic frequency event. 

3.2. Landslides Risks 

Earthquakes, soil structure, and aggressive slopes are the primary factors contributing to active 

ground sliding. Spatial analysis reveals that several areas in the north part of Nador city are 

susceptible to landslide hazards. Construction on hard, uneven topography leads to the accumulation 

of damage in these areas. Our observations identified 10 areas susceptible to landslides, 

encompassing over 459.6 hectares situated on steep slopes (See Figure 11 below). 

 

Figure 11. Landslides hazards distribution. 
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3.3. Spatial Vulnerability Index 

An analysis of building materials and locations in Nador, Morocco, revealed that approximately 

70% of recent constructions utilize reinforced concrete. Residential buildings typically have ground 

floor areas ranging from 80 m² to 140 m². Land surveys indicate that all buildings are constructed 

with reinforced concrete structures, categorized as reinforced concrete moment frame (RC1), regular 

reinforced concrete structures with masonry infill walls (RC3.1), and irregular moment frame 

structures (RC3.2), aligning with the building typology matrix proposed by [51,52] (See Table 1). 

Vulnerability index methods suggest that buildings located on active ground are highly 

susceptible to severe seismic events (See Figure 12 below). Spatial vulnerability analysis shows that 

5,285 buildings are located in high vulnerability zones, while 1,623 residential buildings fall within 

moderate vulnerability areas. Additionally, 929 buildings are considered outside of high 

vulnerability zones (See Figure 12 below). This statistical analysis reveals that Nador city can be 

divided into four vulnerability zones, as depicted in Figure 13. 

 

Figure 12. Building’s vulnerability rate. 
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Figure 13. Vulnerability index for urban build-up area.The provided result about urban vulnerability 

of Nador paints a concerning picture of a city precariously balanced on the edge of seismic and 

landslide hazards. Understanding the intricate interplay between Nador’s geographic location, 

geological makeup, and historical seismic activity is crucial for mitigating these risks and ensuring 

the safety of its residents. 

Nador’s vulnerability stems from its unfortunate location at the convergence of the African and 

Eurasian tectonic plates. Plate tectonics, a cornerstone of modern geology, explains how the Earth’s 

surface is broken into giant, constantly moving plates. The grinding and interaction of these plates 

generate immense pressure, which can trigger earthquakes. Nador’s proximity to this plate boundary 

significantly increases its chances of experiencing seismic activity. 

The city’s situation is further amplified by the underlying foundation of unconsolidated 

sedimentary and alluvial rocks, such as silt, alluvium, and salt flats. Unlike the sturdier bedrock 

found in other regions, these loose materials act like a bowl of jelly during an earthquake. They are 

more prone to violent shaking and a phenomenon known as liquefaction. Liquefaction occurs when 

saturated soil loses its strength and transforms into a liquid state, causing buildings to tilt, sink, or 

even collapse entirely, leading to catastrophic consequences. 

The historical record serves as a stark reminder of this threat. Earthquakes exceeding 

magnitudes of 5 and 4 on the Richter scale have already rattled Nador, solidifying its position within 

an active seismic zone. The frequent tremors paint a worrying picture of a city teetering on the edge 

of a potentially devastating earthquake. 

The seismic threat isn’t the only concern plaguing Nador. Earthquakes, coupled with the city’s 

specific soil composition and steep slopes, create a perfect recipe for landslides. Scientific studies have 

repeatedly shown that seismic activity, soil characteristics, and topography are the primary triggers 

for landslides. Nador exemplifies this precarious situation. 

The study highlights the northern part of the city as particularly susceptible. Construction on 

uneven and steep slopes has exacerbated the existing vulnerability. This underlines the critical 

importance of incorporating geomorphological considerations, the study of landforms and their 

processes, into urban development plans. Uncontrolled construction on risky slopes is akin to 

building houses on a ticking time bomb. 
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The resilience for Nador could be constructed through several components, such as improving 

infrastructure, developing adaptive capacities to face social, economic, and environmental 

upheavals, enhancing community engagement, and fostering a culture of preparedness and 

innovation. Implementing resilience-building measures in Nador, it’s critical to focus on aspects of 

‘hardiness’, ‘resourcefulness’, and ‘optimism’ to ensure business survival and prosperity. 

This approach would recognize the potential disruptions from natural or malicious actors and 

would aim to prepare and protect the city’s functions to ensure the safety and security of its 

inhabitants and national assets. 

The study presents a compelling scientific case for Nador’s high vulnerability to seismic events, 

landslides, and their associated consequences. The findings emphasize the need for: 

 Earthquake Preparedness: Implementing robust earthquake preparedness measures, including 

building codes designed for seismic zones, public awareness campaigns, and emergency 

response plans; 

 Landslide Mitigation: Identifying and addressing areas prone to landslides through slope 

stabilization techniques, land-use planning that avoids high-risk zones, and early warning 

systems; 

 Vulnerability Assessment: Continuously evaluating the vulnerability of buildings and 

infrastructure based on their materials, construction types, and location within the identified 

vulnerability zones. 

By acknowledging and addressing these vulnerabilities, Nador can take proactive steps towards 

mitigating the risks associated with seismic activity and landslides, ultimately enhancing the city’s 

resilience and protecting its urban population. 

5. Conclusions 

This study employs a multifaceted approach, merging interdisciplinary methods such as 

geospatial analysis, urban geography, statistical analysis, and geophysical geography. This approach 

allows for a comprehensive examination of the impact of earthquake hazards and other contributing 

factors like topography, soil structure, geology, and urbanization on vulnerability levels. By 

understanding the intricate dynamics of the urban environment, this study aims to inform the 

adaptation of urban management strategies to the specific coastal context. 

The results indicate that the vulnerability index is significantly influenced by the number of 

parameters included in the risk assessment. This study delves deeper into how each aspect 

contributes to potential damage and how urban areas can be managed to adapt to local constraints 

and enhance their resilience. 

The vulnerability analysis performed in this study, is considering nowadays as an important 

approach for interpreting and understanding the contribution of various seismic sources to the 

seismic hazard values estimated at a specific location, as well as providing suitable solutions for 

earthquake design required by urban engineers for city purposes. Based on the current analysis, it 

appears, for both the selected return periods, that nearby seismicity is frequently a major contributor 

to the hazard in Nador city. Seismic amplification in Nador is assessed in this study using several 

steps to generate urban vulnerability index for different urban area in the city. For this purpose, after 

analyzing seismic intensity, we have used topography, geology and geomorphology factors to derive 

vulnerability assessment and to classify vulnerability level on urban scale 

The performed study achieves important results, which constitute reliable approach for urban 

planners and decision-makers, enabling them to derive the representative scenario earthquakes 

during their management and planning. Our results could improve future seismic risk assessments 

in Nador city, and eventually the urban resilient planning and risk management. 
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