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Abstract: Recent landslides in Mbonjo, located between 3°55’’–4°13’’N and 9°12’’–9°23’’E in 

the coastal town of Limbe were mapped using an unmanned aerial vehicle, field mapping 

and remote sensing techniques and documented in this paper. This town is susceptible to 

natural hazards and in July 2018 and 2020, a swarm of landslides occurred in Mbonjo 

towards the outskirt of Limbe, killing five people and injuring 10 others, obstructing the 

road and destroying important properties. These landslides were studied for a better un-

derstanding and the occurrence of such natural phenomena and human threat diminution. 

From the field studies, the slides were small to medium scale, characterized by low slope 

gradients (15-250), short depletion zones (20-25m) and length (~31.1m). These slides cov-

ered an area of 603.5-2000.75m2 and the volume of ground debris were bracketed between 

626.81 and 8757.60m3. Slope steepness and human activities such as excavation of the 

slopes were the main conditioning factors, whereas intense rainfall was the main trigger 

of Mbonjo landslides. It is urgent to take concrete measures to tackle this serious threat to 

human life in the study area. 

Keywords: Digital Elevation Model; Landslide; Remote Sensing; Slope; Unmanned Aerial 

Vehicle 

 

1. Introduction 

Landslides are downward and outward movements of slope forming material from 

higher to lower points under the influence of gravity [1-3]. They are one of the most visible 

and destructive geomorphic processes frequently responsible for considerable loss of life 

and property in mountainous and sloped areas such as Apennines chain [4], the Himala-

yan orogenic belt [5], the Appalachian mountains, the Rocky mountains, the Pacific 

coastal Ranges and some parts of Alaska and Hawaii, etc. During the past decade, land-

slide disasters have increased worldwide due to anthropogenic activities including the 

extreme destruction of natural resources, deforestation, urbanization, and uncontrolled 

land use. The increasing population has also led to uncontrolled or unplanned develop-

ment and changes in land use patterns extending to steep, hilly terrains forcing individu-

als to construct buildings and farm on areas prone to landslides [6]. Areas affected by 

landslides can be identified by the presence of scars which are bounded by an acute, con-

cave-down slope head scarp, strike-slip faults along its flanks and a concave uphill toe 
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[7,8]. The range of landslide phenomena is extremely large, making them one of the most 

diverse and complex natural hazards [9]. The area and volume of landslides span many 

orders of magnitude ranging from small slides only a few square meters wide to extremely 

large submarine slides that cover several hundreds of square kilometers, capable of trig-

gering other hazards such as tsunamis and floods. There are some factors that need to be 

continuously assessed and are worthy of consideration in studying landslides. These fac-

tors include; the extent of the landslide, detection of crack structures, topography of the 

land and the rate of displacements that could be related to the fracture [10]. Landslides 

are classify based on the material type and the movement [11]; the volume of material 

generated [12], and the slope movement stages where slides are classified as prefailure, 

failure, post failure or reactivation stages [13]. Landslides have been studied worldwide 

as they adversely affect the environment (e.g. [1-3,14,15]). Such studies are aimed at ana-

lyzing, monitoring, and predicting these natural or/and anthropogenic occurring phe-

nomena, using conventional methods such as Global Positioning System (GPS), Geo-

graphic Information System (GIS) and global navigation satellite system [16-18]. However, 

these methods are time consuming, costly and tedious to survey large and dangerous ar-

eas [14,19]. But recently, new techniques including geospatial technologies, manned aerial 

vehicles, unmanned aerial vehicles (UAVs), and Digital Elevation Model (DEM), have 

been developed to carryout research even on active hazardous landslides areas (e.g. 

[15,20]). In India for example, the application of geospatial technologies has been used for 

multi-hazard mapping and characterization of associated risk [21]; while in Turkey, un-

manned aerial vehicles were used in monitoring rapidly occurring landslides [15]. DEM 

has also been used in landslides features identification and morphology investigation in 

Poland [18]. With UAV as a new technique, it is possible to acquire information from land-

slide areas without being in contact with them unlike conventional methods [19,22]. UAV 

also known as drone, is low weight vehicle, small in size, low cost and easy to use, and it 

can fly, either automatically or semi-automatically, based on aerodynamics principles [23]. 

Moreover, a drone may minimize friendly loss of life by conducting missions that have a 

minimal chance of survival. Due to the aforementioned characteristics, drones are used 

for several application fields like creating digital orthophoto maps (DOM) and DEMs, in 

agriculture (crop monitoring, chemical application), civil engineering (infrastructure in-

spection, feasibility surveys, mining [16,17]. This new technique (UAV) is an integrated 

technique as it is used in combination with a GPS and an inertial measurement units (IMU). 

Furthermore, it is used with high definition cameras, Remote sensing (RS), digital map-

ping, and photogrammetry in scientific studies. Besides, satellites and manned aerial ve-

hicles gather location data in high resolutions of 20-50 cm/pixel whereas UAVs are able to 

obtain even higher resolutions of 1cm/pixel, as they can fly at lower altitudes [24]. This 

technique involves ground surveying methods and aerial mapping methods to study 

landslides. Devices used for detailed measurements are integrated into UAVs, which fly 

at lower altitudes than satellites or planes. All data are collected safely from above, except 

for determining and measuring the ground control points [25]. 

In Cameroon, there is a constant threat of natural disasters that occur almost every 

year. Previous work on landslides across the country have been done and well docu-

mented [26-34]. However, most of these studies were limited to field mapping and satel-

lite imagery. In the South-West Region of Cameroon for example, the city of Limbe which 

is found at the SE foot slopes of Mount Cameroon, one of the biggest and still active vol-

cano in West Africa, is susceptible to the occurrence of landslides. Recently in July 2018 

and 2020, a swarm of landslides occurred in Mbonjo area, located between 3°55 ’’–4°13’’N 

and 9°12’’–9°23’’E (Figure 1), towards the outskirt of Limbe causing important damages. 

The previous landslide in this same area happened in 2005, and from judgmental and grab 

sampling technique, it was primarily caused by clay inter-beds between the upper and 

lower pyroclastic materials [31]. This work aimed at using field mapping, UAV and RS to 
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map the 2018 and 2020 Mbonjo landslides in order to contribute on the better understand-

ing and the occurrence of such natural phenomena and human threat diminution in the 

area. 

 

Figure 1. Location map of the study area. 

2. Geological Background 

Mbonjo area is located at the SE foot slope of Mount Cameroon and forms part the 

Cameroon Volcanic Line (CVL). The CVL is an active large intraplate volcanic province 

that comprises several eruptive centers separated by uplifted and eroded plutons from 

the Gulf of Guinea in the oceanic sector to Bui plateau on the continental sector [35]. It is 

also known as a Y-shaped megastructure of Cenozoic-Quaternary age in Western Central 

Africa [36,37]. Limbe is found at the boundary between the oceanic and the continental 

sectors of the CVL and it is characterized by irregular relief made up of highlands of py-

roclastic cones and lowlands. This area is also characterized by a long rainy season from 

March to October with rain peaks usually occurring between July and August [38]. The 

major rock types encountered in Limbe are Tertiary to Recent alkali basaltic lavas includ-

ing basanite, tephrite, hawaiite and mugearite that resulted from Mount Cameroon erup-

tions, an active and fissural Hawaiian-type volcano [39-41]. Mount Cameroon is a vast 

volcanic massif composed of hundreds of pyroclastic cones found on its flanks, forming 

the Limbe highlands [30,41]. In Mbonjo are, these highlands of pyroclastic cones are com-

posed of porphyritic basaltic lava flows and pyroclastic rocks (Figure 2). The latter are 

deeply weathered, unstable and highly vulnerable to slope movement. Landslides, mud-

flows and other natural hazards have been previously reported in Limbe (e.g. [26,30,31, 

42]). In 2001 for example, a landslide killed 24 people in Limbe, destroyed 120 houses, and 
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left more than 2800 people homeless [26]. According to Ayonghe et al. [42], landslides in 

this area and along the CVL in general are of hydrologic, seismic, and tectonic origins. 

Most of these landslides are triggered principally by heavy rainfall, especially in Limbe, 

with high annual rainfall that ranges from 2085 to 9086 mm. In addition, most slope insta-

bilities within the area are associated with and appear to be exacerbated by man-made 

factors such as excavation, anarchical construction, and deforestation on steep slopes [30]. 

This research aimed at using UAV, field mapping and RS techniques to contribute on the 

better understanding of landslides and for human risk reduction in Limbe. 

 

Figure 2. Geologic map of the study area. 

3. Materials and Methods 

Field mapping was done to assess the triggering factors and to identify the type of 

landslides in the study area. During this exercise, landslides locations were recorded us-

ing a GPS and the parameters such as length, width of rupture zone, height of scarp and 

width of cracks were measured with a graduated tape. The widths of the various scars 

were also measured both at the crown and toe and the average taken. Dipping directions 

of crack were measured with the aid of compass clinometer. The gradient of a slope was 

calculated by dividing the vertical distance (rise) by the horizontal distance (run, in this 

case, the length of the scar was used). The slope angle was calculated using Global Mapper 

application and manual calculation using the standard formula: Slope = rise/run. From 

the parameters obtained on the field, the area of the rupture zone (A) and the volume (Vl) 

of displaced material were calculated using the following standard formulae: A = Lr × 
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Wr [43]; Vl =
1

6
× π × Lr ×Wr × h, where Lr is the length of landslide; Wr is the width of 

landslide and h is the height of landslide [44]. The buffer application was used to deter-

mine the distance of landslides from the road. Inaccessible areas of landslide scars in the 

study area were equally mapped using an UAV also known as drone. The prepared flight 

plan was uploaded onto the UAV system and the camera mounted vertically towards the 

ground to take multiple overlapping photos of the landslides studied. These photographs 

were stored in a computer and processed by automated desktop system in the Remote 

Sensing laboratory at the University of Buea. In addition, Global Mapper and ArcGIS were 

used to analyze and interpret the photographs and to generate fault and geologic maps of 

the study area. Satellite images were also analyzed using Shuttle Radar Topography Mis-

sion (SRTM) and the digital elevation model of the study area generated. The location 

map of the different landslides was produced with the aid of Landsat. 

4. Results and Interpretation 

4.1. Landslides and filed characteristics in the study area 

Five slide scars including Manga Hill (L1), Lower Motowoh 1 (L2), Lower Motowoh 

2 (L3), Lower Motowoh 3 (L4) and Mbonjo Tap Quarter (L5) were studied (Figure 3). L2 

and L3 landslides occurred recently in July 2020, while earlier in July 2018, L1, L4 and L5 

landslides occurred following long hours of heavy downpour killing 5 persons, injuries 

10 people, destroyed farmlands and one house and damaged household equipments as a 

result of flood that followed the landslides in the study area. A double landslide occurred 

around 7am at the Manga Hill (L1) and at Lower Motowoh 3 (L4) on the 24th of July 2018. 

Two days later, on the 26th of July 2018, another landslide occurred at Mbonjo Tap Quarter 

(L5). The circulation was perturbed due to complete blockage of road, affecting the 

economic and social activities in the area. On the field, L2 and L3 landslides are fresher 

than L1, L4 and L5 which are showing surface morphological changes due to natural and 

anthropogenic activities, as also observed on an ancient mega landslide scar found in the 

study area. L4 landslide showed the greatest volume of material generated. The widths of 

individual slides measured on the field range from 15.25 – 37.75 m. Their length ranges 

from 10 – 42 m and their height from 3.2 – 8.2 m (Table 1). The slides studied initiated at 

mid slope rather than at the top as seen elswhere. On the field, water was observed 

seeping out from the fractures of the slope surface. The histogram plots show that the 

parameters of the landslides in the study area are unimodal unlesss for the slope gradient 

that is bimodal (Figure 4). Also, plot of landslide number versus height of the scars 

indicates that recent landslides have height greater than those of oldslides an the number 

of slides highly decreased with increasing slope height (Tabel 4.1). The mean slope height 

of slides is approximately 5.4 m and the mean slope gradient is 19o. 

Table 1. Landslide parameters measured on the field. 

Landslides Location Elevation 

(m) 

Slope 

(degree) 

Length 

(m) 

Width 

(m) 

Height 

(m) 

Area 

(m2) 

Volume 

(m3) 

L1 N3°59’42’’–E9°12’57’’ 70 15 34 17.75 3.7 603.5 1,191.95 

L2 N3°59’54.086’’–E9°12’59.022’’ 35 20 10 15.25 7.7 152.5 626.81 

L3 N3°59’54.39’’–E9°12’57.726’’ 48 15 53 37.75 8.2 2,000.75 8,757.60 

L4 N3°59’56.028’’–E9°13’01.08’’ 42 21 26.5 20.55 4.4 544.575 1,279.05 

L5 N3°59’46.278’’–E9°12’49.728’’ 14 25 42 18 3.2 756 1,291.37 
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Figure 3. Field photographic view of scars of Mbonjo landslides: (a) Lower Motowoh 2 

landslide (L3); (b) Lower Motowoh 1 landslide (L2); (c) Manga Hill landslide (L1); (d) 

Lower Motowoh 3 landslide (L4); (e) Mbonjo Tap Quarter landslide (L5) completely 

vegetated and showing only a small part of the main scarp; (f) Mbonjo Tap Quarter just 

after the slide. 

(a) (b) 

(c) (d) 

(e) (f) 
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Figure 4. Plots of geometric parameters versus landslide number: (a) Area; (b) Volume; (c) Length; 

(d) Width; (e) Height; (f) Slope angle. 

4.2. Factors influencing landslides in the study area 

The topographic factors such as the elevation, the slope aspect and the slope angle 

highly influenced the Mbonjo landslides. L1 landslides occurred within an elevation range 

of 50 to 74m above the sea level while L2, L3, L4 and L5 landslides occurred within 24 to 

49m height (Figure 5). 

(a) 

(c) 

(b) 

(f) (e) 

(d) 
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Figure 5. Elevation map (5m interval) of the Mbonjo area, showing the studied landslides on steep 

slopes. 

The land cover map extracted from Google Earth showed that ~70% of the landslides 

in the area have NW directions. These landslides are prevalent in the SW part of the study 

area. From this image it is difficult to differentiate bare ground from landslide scars; so 

field mapping was done to bring out the difference and the extract locations of the land-

slides in the area. Two main land use patterns were considered, namely: built up area 

(65%) and subsistence farm area (45%) along and at the foot of slopes in the area. The 

number of landslides decreases with increasing slope angle; gentle slopes occupy the larg-

est surface. SRTM slope shader (Figure 6a) and 3D map (Figure 6b) showed that, Mbonjo 

landslides occurred on slopes with gradients between 15o and 25o. The 3D map with ver-

tical exaggeration of 3 highlights the occurrence of these landslides on steep slopes. More-

over, L1, L2, L3 and L4 landslides are clustered, with L1 and L3 located ~10 m away from 

the road, L2 located at 15 m, L4 within 20 m, and L5 located at 90 m away from the road. 

Other factors influencing the slides in the study area are the lithology and faults. The 

geology of the study area is mainly made up of basaltic lavas and pyroclastic rocks formed 

as a result of the eruptive activity of the nearby Mount Cameroon volcano. Closer 

examination of the scarp revealed a shallow top soil and a sub-soil zone divided into 

upper and lower pyroclastic rocks. These lavas are deeply weathered and overlained by 

clay materials, found at the top most layers of the slides studied. L2, L3 and L4 landslides 

are concentrated around a fault line (Figure 2). Fractures and tension cracks of these 

landslides range from 0.1 cm to 70 cm, at or close to the head scarp which probably led to 

the slide events. The cracks have a NW dipping direction while a small fraction has NE 

and SE dipping directions. 
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Figure 6. (a) SRTM slope shader showing gradients at which most of the studied landslides occurred; 

(b) 3D slope gradient map highlighting the occurrence of the studied landslides on steep slopes. 

5. Discussion 

(a) 

(b) 
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5.1. Statistical analysis 

The geometry of the slide depletion zone varies widely throughout the study area. 

According to Fell [12], these landslides can be classified as small to medium (Table 2). 

Large landslides in this area are very rare unlike in other parts of the world (e.g. [45, 46]). 

The Pearson correlation matrix for geometric parameters (Table 3) indicate a strong 

positive correlation between the slide volume and area (r = 0.97, between the length and 

area (r=0.88), and between the slide width and area (r=0.97). These relationships illustrate 

that variations in aerial and volumetric dimensions are generally controlled by the length 

and width of the depletion zone and to a lesser extend the depth of the depletion zone.   

Table 2. Size classification for landslides. 

Size class Magnitude Size description Volume (m3) Number of slides 

1 1 Extremely small <50 0 

2 2 Very small 50–500 0 

3 2.5 Small 500–5,000 4 

4 3 Medium 5,000–50,000 1 

5 4 Medium-large 50,000–250,000 0 

6 5 Large 250,000–1,000,000 0 

7 6 Very large 1,000,000–5,000,000 0 

8 7 Extremely large > 5,000,000 0 

Table 3. Pearson correlation matrix for geomorphic parameters 

  Elevation Slope Length Width Height Area Volume 

Elevation 1 
      

Slope -0.71344 1 
     

Length 0.043278 -0.0456 1 
    

Width 0.182353 0.256595 0.745838 1 
   

Height 0.077561 0.365098 -0.07857 0.542867 1 
  

Area 0.131187 0.149815 0.878336 0.969029 0.390071 1 
 

Volume 0.171785 0.213539 0.734853 0.989187 0.600376 0.969211 1 

Key: Fair correlation    (0.5–0.6), strong correlation     (0.7), Very strong correlation     (0.8–0.9) 

The positive correlation between the slide length and volume (r=0.73) implies that the 

distance over which the material move depends on the volume of material generated. 

There is also a very weak negative correlation between the length of the scar and the slope 

angle; with longer and shorter lengths observed on gentle and steeper slopes respectively. 

This relationship demonstrates that as slopes become steeper, the distance over which 

material move becomes shorter and vice versa. The geometry of slides is not directly 

proportional to the amount of damage caused, but is closely linked to the location of the 

slide with respect to human infrastructure. Moreover, the elevation map (Figure 6) 

indicates that landslides are more abundant at low elevation and predominant in areas 

between 24–49 m above mean sea level. The basaltic rocks deeply weathered found on the 

slopes are overlain by clay materials, which play an important role in sliding [31, 47]. The 

study area is made up of steep slopes as seen in the elevation map. Though there are some 
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slopes in this area where landslides have not occurred yet, the very actions of humans 

expose these to future instability. Landslide intensity increases with a rise in the 

predisposing factor of slope gradient. 

5.2. Causes of the landslides studied 

The landslides studied were preceeded by intense rainfalls just like previous slides 

in Limbe that usually occurred in the month of july when rainfall is at its peak of 

precipitation (665 mm; CDC, 2018). In fact, slope saturation by water is a primary 

triggering factor for landslides occurrence [48]. Slope failure is often related to prolonged 

and intense rainfall events, where rainfall infiltration increases pore water pressure, 

reducing soil strength. The addition of water to material on a slope can make landslides 

more common. This is because water adds significant weight to the slope as it seeps into 

the ground, becoming groundwater, and adding to the gravitational force. These 

processes help to explain why landslides are much more common in this area during the 

rainy season and especially during or right after prolonged and intense rainfall. Intense 

rainfall also favour weathering of rock mass, and also increases the water content in clays 

that lead to reduction in slopes stability. Under saturated condition, clays act as slide 

surfaces making parts of hill slopes liable to sliding [30,49], as reported in Mabeta in the 

South-West Region of Cameroon [27] and in Uganda where mechanically unstable slopes 

of deeply weathered volcanic rocks and soils gave way after extreme rainfall [50]. 

Landslides in the study area can also be attributed to the presence of fractures and 

faults. Mbonjo is located on the eastern extention of the Ekona faultline, in the South-West 

region of Cameroon and it has been noted that L2, L3 and L4 are clusttered along a fault 

line (Figure 2). The number of landslides decreases with distance to the fault, with the 

highest landslide concentration occurring at a distance of about 10 m away from the fault. 

Therefore, faults have an obvious influence on the occurrence of landslides in the study 

area. This result is in line with the results of Zhao et al. [51] in the Tibetan Plateau. 

Another important causes of landslide in the study area are the slope steepness and 

man-made activities. In the study area, slopes of pyroclastic cones are steep, thereby 

making them susceptible to landslides. Also, construction works in the area promote 

destabilization of slopes. For example, L2, L3 and L4 landslides are clustered along the 

road, indicating that roads have a great influence on landslides occurrence in the study 

area. This is because moving vehicles along the road cause ground vibrations that help to 

widen cracks on slopes, making them instable. Moreover subsidence agriculture practiced 

on slopes destroy soil structure, increases permeability and porosity and reduces overall 

shearing strength of the soil [52, 53]. These man-made activities help build the slope to a 

critically unstable state, rendering it highly susceptible to landslides. According to 

Knapen et al. [54], deforestation may reduce up to 90% of slope stability. Poorly planned 

forest clearing may increase rates of surface-water run-off or groundwater infiltration. In 

the area, settlement is mostly along and at the slope foots of pyroclastic cones. Cutting of 

slope faces for foundation purposes or excavations at the base of a slope without an 

effective drainage system, retaining wall or some form of toe protection can immediately 

or eventually result in sliding [55]. When there is heavy rain, water may move to different 

paths which may saturate the slopes and cause landslides. 

5.3. Prediction of landslides in Mbonjo area 

Monitoring is essential for landslide hazard assessment. However, a completely 

effective method for predicting landslide hazard that could determine its exact time and 

eliminate threats has not been yet developed. The reason behind this is due to the very 

complex nature of processes involved in the occurrence of this natural phenomenon. 

Moreover, there are a number of contributory, triggering factors, and different internal 

and external triggers. For this study, during field work, cracks were observed on the 

ground and walls of some buildings and a fault line which are the precursors of the 
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landslides studied. It was also noted on the field that the materials on which some houses 

are constructed were some time ago attached to the slopes and with time these material 

moved down. This is the case of the mega ancient scar observed in Mbonjo, where the 

right and left portions have been active sites for constructions in the past years and this 

may reactivate the mega scar in the future. After the landslide, crack-concentration zones 

emerged in the head scarp and the stability of these zones is presumably very poor due to 

rainfall which is considered as the most common catalyst for landslides. Additionally, 

excavation of slope material for building and construction in the study area help to further 

expose the steep slopes to future landslides. 

5. Conclusion 

Recent landslides in Mbonjo area were mapped in this study using field techniques 

and an UAV for human risk reduction. Statistical analysis of landslide number and slope 

gradient suggests that in the study area, slides are abundant on slope gradients between 

15º and 25º and landslide number decreases with increasing slope gradient. Though it is 

not easy to predict neither landslide occurrence nor the type of landslide that can occur in 

an area, Mbonjo landslides are small to medium scale landslides. Field work revealed that 

there is no direct correlation between landslide volume and their impact. Instead, the 

impact of landslides is controlled by its proximity to population and human 

infrastructural elements and not to the size of the landslide. The Lower Motowoh 2 

landslide (L3) with the greatest volume of material generated claimed no live, whereas 

the Mbonjo Tap Quarter landslide (L5) with a smaller volume of material killed 5 persons. 

The occurrence of the landslides studied is controlled by an interplay of natural and 

anthropogenic factors. Slope steepness and human activities such as excavation of slopes 

for construction, agriculture and deforestation were the main conditioning factors, 

whereas intense rainfall were the main triggers of Mbonjo landslides. Over the next few 

years, the frequency of slope failures and associated threats to human life and urban 

infrastructure in Mbonjo are likely to increase in the context of increasing population and 

ongoing development. However, concrete measures should be taken by competent 

authorities to tackle landslides problem in the study area. 
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