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ABSTRACT 

 

This study presents a theoretical GIS model to investigate the relative impacts of 

geomorphic and environmental factors that govern the occurrence of landslides on the 

slopes of Mount Cameroon and its surrounding areas. The study area is located along 

the Cameroon Volcanic Line (CVL), a major structural feature that originates from the 

south Atlantic and continues into the continental landmass. The quite frequent seismic 

activity, geologic character, humid tropical climate and high human pressure on hill 

slopes are the major factors behind the occurrence of landslides in Mount Cameroon. 

This paper, therefore, underscores the necessity of in-depth follow-up studies concerned 

with landslides prevention and management based on the relevance of sufficient reliable 

field methods in landform geomorphology and interpretation. As much is yet to be done 

to acquire data for structural and surface geology, hydrology, geomorphic processes and 

physiography of Mount Cameroon, it is difficult at this point in time to considerably 

apply suitable methods using GIS that would enable identifying and delineating the 

landslide-prone areas. In addition, the application of environmental surface monitoring 

instruments will not be meaningful without a clear presentation of which areas are a 

cause for concern (given that the employment of any slope stability monitoring and 

rehabilitation efforts will be only possible after appropriate problem-area identification 

has been done). Consequently, based on the writer’s previous work in the Mount 

Cameroon area and available related literature, a methodology using GIS is proposed, 

which provides the capability to demonstrate how the impact of individual or collective 

geomorphologic site-specific factors on landslides occurrence could be justified. 

Considering that digital data may not be readily available, a procedure for the creation 

of data and analysis of themes is proposed and illustrated. The factors analysis approach 

in landslides analysis may be cheaper and easier to employ in Mount Cameroon and 

similar problem regions in developing countries (given that there may be problems of 

limited financial resources and available expertise in GIS technology and applications). 

The study underscores and recommends the necessity for a later practical 

implementation with the availability of adequate resources. 

 

Keywords: Geomorphic factors, Mount Cameroon Region, Cameroon Volcanic Line 

(CVL), Geographic Information Systems (GIS), structural feature, landslides, 

geomorphology, physiography,  digital data.  
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CHAPTER ONE: BACKGROUND TO THE STUDY 

 

1.1 Introduction 

Landslides are a major concern in steep land areas where storms are common (Perotto et 

al. 2003). In Mount Cameroon, most of the landslides observed have been in the form of 

debris flows. According to Saczuk (1998) debris flows are a form of mass movements 

that result from unprecedented intense rainfall. 

 

Landslides are a common menace for most parts of the humid tropical regions. When 

they occur in areas of human occupation the toll of loss in terms of human life and 

property is often high. According to previous studies in geology and geomorphology, 

the Cameroon Volcanic Line (CVL), which represents a major geologic structural line 

of weakness, is thought to be a factor that largely accounts for the dramatic and quite 

often catastrophic geologic processes that have made news for settlements along it. This 

evaluation and discussion dwells basically on some recent major events for areas within 

the Mount Cameroon region (with specific reference to the landsides of the year 2001, 

which hit parts of Limbe Municipality in Cameroon). It attempts to propose a 

theoretical model upon which would be the basis of a later practical implementation or 

project (with the availability of specific physical environmental and anthropogenic- 

related data) for the study area.  

 

The study seeks to show how an understanding of the prevalent geomorphologic and 

related processes and the landforms that result can be a useful source of data that could 

constitute the database of a Geographic Information System (GIS) for landslides 

occurrence analysis in the Mount Cameroon region. It also presents and attempts to 

justify a methodology which employs GIS to evaluate the geomorphological aspects 

related to landslides occurrence that have been discussed in this paper. Landslides can 

be considered both as earth surface forms (landforms) and as a geologic process (mass 

wasting/mass movement). Consequently, in which ever of both perspectives we 

appreciate this natural phenomenon, there still will be realised a clear impact reflected 

in its legacy on the earth’s surface. Some of the landslides that have hit Cameroon since 

the last two decades are given in Table 1.1.  

 

The term ‘high-energy’ is often used in physical geography to refer  to hills and 

mountainous environments where geomorphological processes cause rapid downslope 
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material transfers that can prove catastrophic to human life and property.  In human 

geography these environments are usually regarded as those areas that are marginal to 

human adaptation and utilisation (Wilson, 2001).  

 

Table 1.1 Recorded Landslides in Cameroon in the last two Decades 

 

 
Month and 

Year 

 
Location 

 
Rock Types 

 
Damages/Casualties 

December 1986 Mount Mbankolo and 
Akok Bikanda 

Metamorphic No casualty 

June 1988 Bakombo, Melong 
(CVL) 

Volcanics 8 deaths, a lot of 
damage to property 

 
August 1989 

 
Limbe (CVL) 

 
Volcanics 

A lot of damage to 
property 

August 1990 Oyomabang, Yaounde Metamorphic 5 deaths, damage to 
property 

September 1992 Santa, Pinyin (CVL) Volcanics 12 deaths, damage to 
property 

 
August 1990 

 
Bafaka Balue (CVL) 

Volcanics and 
sedimentary 

type 

3 deaths, damage to 
farmlands, forests and 
property 

September 1997 Sho, Belo (CVL) Volcanics 2 deaths, damage to 
farmlands and property 

September 1997 Gouata, Dschang 
(CVL) 

Volcanics and 
granitic type 

1 death, damage to 
farmlands 

July 1998 Baingoh, Belo (CVL) Volcanics, 5 deaths, damage to 
houses and farmlands 

September 1998 Anjin, Belo (CVL) Volcanics 2 deaths, damage to 
farmlands and property 

June 2001 Limbe (CVL) Volcanics 24 deaths, damage to 
buildings 

June-July 2003 Bamumbu, Monts 
Bamboutous (CVL) 

Volcanics At least 20 deaths, 
damage to farmlands 
and buildings 

 
(Source: Adapted from Ayonghe et al., 1999) 

 

The term ‘high-energy’ is justified for the slopes of Mount Cameroon and along the 

CVL because of the prevalence of a wet tropical and an active volcanic environment.   

 

The strato-volcanic nature of Mount Cameroon reflects the alternation of lava-flows and 

scoriaceous deposits (revealed from exposed vertical sections of geologic material). 

Although the basaltic, pyroclastic and mud flow depositional features that have directly 

resulted from volcanism are considered to be geologically young, actual and potential 

problem areas exhibit severely weathered scoria and mudflow deposits (lahars) that 
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have been referred to by some geomorphologists as geologically old (Tertiary) features 

(Kadomura (ed.), 1977).  

 

The most common depositional formations from a general view are chains of cinder 

cones. Exposed vertical sections of the geologic deposits in many cases show an 

alternation of layers of loose pyroclastic material, scoria and lava sheets from past 

volcanic flows. Crustal fissures (the result of surface fracturing by surface tension from 

earth tremours and magmatic rise or up well) are a common feature for many parts of 

the surface but these are difficult to see directly on the ground in places that have dense 

vegetation. The prevailing warm and humid climate ensures a dense humid tropical 

vegetation cover on the lower slopes of Mount Cameroon. The generally high 

temperatures and moisture enhance chemical weathering processes, thus, generating 

enough regolith (waste material) for mass wasting. 

 

The land use comprises of subsistence agriculture parcels and cash crop plantations now 

managed by the Cameroon Development Corporation (CDC), which may be one of the 

biggest agro-industrial corporations in West Africa. The fertile soils and employment 

opportunities in the plantations have resulted in a significant movement of migrant 

workers from different parts of the country into the agro-industrial landscapes. As 

would be mentioned more in later parts of the study, increasing human pressure on the 

slopes is rendering the ground more unstable. 

 

Available literature on the origin of landslides, therefore, points as objectively as 

possible, to the importance of physical environmental and human factors that either 

individually or in combination constitute the major trigger factors of landslides.  In this 

regard therefore, one of the capabilities in the methodology presented in this paper is to 

be able to considerably identify in more specific terms, which factor or combination of 

geologic, physiographic factors (landforms) and/or human factors have had the most 

impact regarding the landslides that have occurred in parts of the study area. The 

efficiency of GIS in handling and analysing large data sets justifies its competence for 

such analysis. This is because ‘during the last decade the rapid development of 

Geographical Information System (GIS), computerised tools for the collection, storage, 

display and analysis of spatially related data, has increased the possibilities for merging 

remote sensing data with other types of data (Digital Terrain Models, geological maps, 

land-use maps, etc.) enormously’ (Mantovani et al., 1996). 
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1.2 Objectives 

Given the complexity of the dynamic earth-surface processes (from volcanism and 

associated seismic phenomena, frequent intense rainfall and human activity) and their 

impact on landslides in the study area, it is the objective of this paper to propose and 

attempt a justification of landslides analysis from a regional perspective in Mount 

Cameroon. This study in other words proposes and illustrates a methodology that 

considers finding out the relative extent of the major factors. The following specific 

objectives are worth stating: 

 

- To propose a theoretical model upon which would be the basis of a later practical 

implementation or project (with the availability of specific physical environmental and 

anthropogenic- related data) for the study area. The proposed methodology also 

meticulously attempts to improvise for possible restricting circumstances that may 

obtain on the ground during a later project application such as limited financial and 

material and expert resources.   

 

-  To identify and illustrate the role of specific factors that defines the geomorphologic 

aspects of the environment related to landslides occurrence; 

 

-  To put forth a methodology which uses GIS to integrate and display the factors as 

specific themes overlaid in a manner that shows their individual and perhaps combined 

impact in the pattern of observed landslides. The relationship between themes (factors) 

can be important in accounting for the stability of particular slope segments. For 

instance, combining surface geology (lithology), lineament (including joints, fractures 

and faults and earth quake epicentres) and slope map might result in an output 

(composite theme) that could be an important guide in demarcating the ground and 

assigning subjective values for landslides susceptibility;  

 

- To illustrate the importance of some specific geomorphologic parameters such as 

drainage bifurcation ratio (Rb) as an index or parameter of erosion and landslides in 

river channels as well as River Valley form in watershed analysis.  The goal once more 

is to show how these factors could be generated as themes in GIS analysis for observed 

stream channel erosion and valley wall landslides. The study also intends to illustrate 

how these parameters could be used to assess the relative degrees of the resistance of 

the rock types and other volcanic deposits to erosion and landslides;  
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-  To discuss possible limitations that could be encountered in a prospective study in 

terms of acquiring certain data; 

 

-   To emphasise the importance of knowledge in field methods in geomorphology, the 

impact of prevailing surface and underground geologic processes and landforms 

interpretation for assessing the causes of landslides. 

 

1.3 The Problem 

The highlands along the CVL between latitudes 4º and 7º north, where annual rainfall 

ranges from 2,000 to 9,000mm are susceptible to occasional landslides which over the 

years have killed several people, destroyed farmlands, houses and roads. Most of these 

disasters often go unrecorded except those that cause appreciable property and human 

losses (Ayonghe et al., 1999).  

  

Consequently, perhaps an important question of concern in this study is how could 

environmental factors (human and natural) that explain the geomorphological setting of 

Mount Cameroon and its surroundings be important in setting up a GIS for landslides 

analysis and sustainable land use planning? It has already been noted that the existing 

environmental conditions and processes, both physical and human, are important trigger 

factors for landslides. The fertile volcanic soils on the slopes have been an enormous 

attraction for human settlement and agro-industrial plantations. This has resulted in the 

clearance of vegetation, enhanced run-off and erosion.  

 

The geologic material and soil have resulted from the weathering of the lavas, scoria 

(pyroclasts/cinders) and volcanic mudflow deposits. The Indonesian word for mudflow 

is ‘lahar’. According to Smith and Fritz (1989), ‘Lahar’ is ‘a general term for a rapidly 

flowing mixture of rock debris and water (other than normal stream flow) from a 

volcano’. Scoria cones (also called pyroclastic, cinder or tephra cones), ‘pyroclastic 

flow and fall deposits are among the most widely distributed materials in tectonically 

active regions (Cas and Wright, 1996) (in Masahiro, 1998). According to consulted 

literature on the geology and geomorphology of Mount Cameroon, the networks of 

crustal fissures (geologic lines of weakness) in the basaltic rocks and lava sheets have 

resulted from frequent earth tremours often associated with the volcanic manifestations 

in the area. This makes the problem even more serious on steep slopes as the ground is 

made loose. 
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In terms of rock type, it is worth distinguishing between resistant lava sheets and 

weaker scoriaceous material (particulate mixture of ash and pyroclastic material 

deposited from volcanic explosions, lahars or volcanic mudflows). On slopes where the 

scoriaceous deposits have undergone intense weathering, it is likely that these are 

potentially vulnerable sections of the ground, as the residual material would not be firm 

enough to bear significant pressure from human settlement (buildings) and farming. The 

process of weathering (breakdown of rocks and soil) therefore, as a pace-setter for the 

trigger of landslides is important. In addition, weathering is much facilitated by the 

infiltration of surface water through the network of joints and fissures in the basaltic 

rocks and the porosity of the scoriaceous deposits.  

 

The generally high temperatures also favour the disintegration (weathering) of the rocks 

and other volcanic deposits. Consequently, by reckoning that weathering is arguably the 

most crucial and fundamental phenomenon in landscape evolution (Turkington et al., 

2004), this study recognises its importance as a major contributor to the landslides in 

Mount Cameroon.  

 

The high migration from different parts of the country into the fertile plantation regions 

(of the west coast and Mount Cameroon) for farming and employment may be an 

important factor for the establishment of dense settlement on the volcanic slopes within 

and around the urban environments. This also relates well to the problem of limited 

favourable land for settlement compounded with increasing human pressure on the land. 

It could therefore be concluded that the scarcity of favourable land for human settlement 

enhanced the urbanization (growth of settlement) of hill slopes and foot-slope 

environments (especially along the coast).  It should be noted that these environmentally 

unfriendly and currently occupied areas were classified as natural reserve lands by the 

former German colonial administration.  

 

In a field evaluation of numerous landslides that hit the Limbe municipality in the year 

2001, Lambi (1998) noted the importance of pristine (natural) vegetation in promoting 

the stability of slopes by observing that most problem areas with many landslides were 

those for which there was, or had been some form of human interference through 

farming, urban encroachment, or both. In similar studies (Barnard et al., 2001; Perotto 

et al., 2003; Kelarestaghi, 2003); Turkington et al., 2004; Knapen et al., 2005; 

Scarciglia et al., 2005  ) areas that have witnessed significant deforestation and land use 
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change are those most vulnerable to high erosion and landslides. Given the severity of 

the most recent landslides along the CVL in general and Mount Cameroon in particular, 

the Cameroon Government set up a scientific commission (constituting the Department 

of Geology and Environmental Science at the University of Buea, in collaboration with 

Friends of Gardens, Limbe Botanic Gardens, Bimbia Bonadikombo Natural Resource 

Management Council, Experts and other institutions in Cameroon and abroad) to map 

and delineate hazard-prone areas (flooding, volcanism and landslides) in Mount 

Cameroon (Limbe Urban Council, 2001). The commission noted an initial cost estimate 

of 49,126,000 FCFA (about $ 81,876). In addition, it decried the lack of basic data 

(geologic, hydrologic, geo-hydrologic and geomorphologic maps) and images upon 

which the mapping of specific terrain and geologic parameters should be based. 

According to the timing specified in the executive summary of objectives, materials and 

costs, the project was scheduled to be done from October 2002 to September 2005. 

Given therefore, the problem of inadequate resources often faced by provisional state 

and local disaster alleviation and management commissions of developing countries, it 

is likely that the practical implementation of effective sustainable measures in the above 

respect may be constrained by problems of resources inadequacy and insufficiency. 

Consequently, the proposed methodology for which this paper is based has meticulously 

attempted to improvise for such possible constraining circumstances that may arise on 

the ground in the event of a later project application. We refer specifically to likely 

constraints such as ignorance regarding factors to be investigated and extent of, 

measures to be implemented, limited financial and material and expert resources. As 

Fogwe and Lambi (2001) eloquently noted, ‘rather than the periodic management 

committee whose composition, competence and objectives are often limited in time and 

space there is need to create a more sustainable’ (natural hazard) ‘development policy, 

so that (natural hazard) policy could change from one of (hazard) prevention to one of 

adaptation (to hazards)’. It therefore would be necessary to carry out a practical project 

for the study area based on the theoretical framework presented in the present study. 

This would be convenient when relevant resources are available. 

 

1.4 Geology of the Cameroon Volcanic Line (CVL) 

The CVL (Fig.1.1) is a Y-shaped chain of volcanoes that stretch from the Atlantic 

Island of Pagalu, through the Gulf of Guinea on to mainland Africa (Njilah et al., 2004). 

The continental section of this chain is made up from south to north of Mounts Etinde, 

Cameroon, Manengouba, Bambouto, the Oku massif, the Adamawa/Biu plateaux as 
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well as the Mandara mountains (Njilah et al., 2004). A similar definition is noted by 

Fitton and Dunlop (1985), Fitton (1980, 1987) and Njilah (1991).  

 

Fig. 1.1 The Cameroon Volcanic Line 

 

 

(Source: Ngounouno et al., 2003) 

 

Similarly, Ayonghe et al. (1999) observed that the CVL is a range of volcanic and 

plutonic highlands, which run in a northeast-southwest direction from Pagalu in the 

South Atlantic, through Bioco Island and Mount Cameroon to the Adamawa Plateau, 

with a Branch extending into Nigeria to the Bui Plateau. Rankenburg et al. (2004) 

present a definition similar to the others already noted by pointing that the CVL 

comprises a genetically related series of Cenozoic intraplate volcanoes that extend for 

1600 km from the island of Annobón (formerly known as Pagalu) in the South Atlantic 

Ocean to the continental interior of West Africa.  

 

Moreau et al. (1987) associate the origin of the CVL with a belt of crustal faults and 

other structural features. Bailey (1992) supports this view by acknowledging that 

magmatism in Africa has been consistent with lithospheric structural controls. Fitton 

and Dunlop, (1985) suggested that a line or zone of hot asthenospheric mantle is 

upwelling underneath the region, the partial melting of which has generated parental 
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magmas without any substantial involvement of the overlying lithosphere. Other studies 

(such as the publication by AASPP, 2005) have similarly indicated that the magma 

(which is of similar geophysical and geochemical properties as the magmatic 

composition of the Great East African rift valley) comes from the partial melting of the 

underlying mantle. This is because large amounts of dissolved carbon dioxide and other 

gaseous components have been found out for some volcanic crater lakes in Cameroon 

(Lakes Nyos and Monoun) and around the border between Rwanda and the Democratic 

Republic of Congo (the Lake Kivu within the East African Rift valley). In the mid-

1980s, for example, the release of gases from the Lakes Nyos and Monoun in Cameroon 

resulted in the loss of about 1,800 human lives (AASPP, 2005). These lakes generally 

occur north of Mount Cameroon (Fig 1.2). The release of volcanic gases points to the 

instability within and along the CVL.  

 

Fig 1.2 Mount Cameroon Region 

 

Source: Topographic Map of Mount Cameroon (1:500,000) from Tactical Pilotage 
Chart L-3A 

(http://www.skimountaineer.com/ROF/ROF.php?name=Cameroon) 

 

1.5 Physiography (Landforms) of Mount Cameroon and its Environs 

The region presents variations at given ranges of elevation.  From sea level, the land 

rises abruptly in numerous volcanic cones, lava terraces and escarpments (to the summit 

of Mount Cameroon) (Fig 1.3). This variation is also emphasised by the presence of 

valleys and depressions between the chains of volcanic cones and lava plateaux. 
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Thomas and Cheek (1992) (in Watts, J., 1994) observe that Mount Cameroon is the 

tallest peak (4095m) in an isolated chain of volcanic uplands. Mount Cameroon 

(4.20°N, 9.17°E) rises steeply from the coast of west Cameroon to a height of 4,095m 

(Suh et al., 2003). ‘Pre-historical and historical lavas and lapilli-fall deposits cover the 

surface of this massive basaltic edifice. The slopes and summit region are characterised 

by groups of cones and craters generally aligned in the NE-SW direction of the CVL. 

Young pyroclastic cones typically have slopes of 30-35° and are attributed to 

Strombolian and Vulcanian activity’ (Suh et al., 2003). 

 
                

Fig 1.3 The surface geology and relief units of Mount Cameroon 
                                                           and its surroundings 

 

                    
 

(Source: Kikuchi, 1977 In: Kadomura, 1977) 

(1. Precambrian gneissic hills; 2. Low relief erosion surface composed of Cretaceous and Tertiary rocks 
(upper); 3. ditto (lower; 4. mountains composed of tertiary volcanic rocks; 5. Mount Cameroon; 6. Mount 
Etinde; 7. Craters; 8. pyroclastic cones; 9. depositional surface of mudflow; 10. fan; 11. lava flows; 12. 
grassland; 13. lava flow surface covered with grassland; 14. landslide; 15. faults; 16. fissures; 17. low-
land surface;18.river course) 
                                                        

Deep valleys and elongated depressions have been excavated by fast-flowing streams 

and lava flows during volcanic eruptions. Other landforms include Mount Etinde (Small 

Mount Cameroon) which is a parasitic cone that occurs south west of Mount Cameroon, 

‘low relief erosion surfaces’ (Kikuchi, 1977), coastal and mangrove features.  
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1.6 Methodology 
 
The methodology upon which this paper has been written constitutes the exploitation of 

literature on the geomorphology (landforms and processes) and related physical 

environmental factors that trigger landslides, emphasizing more on the environmental 

conditions and processes in tropical and volcanic environments in general, and Mount 

Cameroon in particular. In this study, a considerable number of papers including the 

survey mapping method for stability conditions in gullies and slopes developed by the 

Swedish Geotechnical Institute in co-operation with Chalmers University (International 

Congress / Interpraevent 2004) were consulted for issues concerned with the geologic 

processes and natural hazards within Mount Cameroon and along the CVL.  

 

The paper presents and attempts to illustrate a theoretical framework and method 

intended to utilize GIS for landslides evaluation from a regional perspective (the factors 

analysis approach). It demonstrates how an overlay analysis can be performed to 

evaluate the extent of identified single or combined factors (geologic, hydrologic and 

geomorphologic factors) thought to be responsible for the significant erosion and 

landslides that have been observed on the slopes for given areas of the study region.  To 

ensure as much clarity as possible, the paper illustrates more the importance of the 

geology of the study area and its impact in determining landforms and the incidence of 

landslides. This is because (apart from geologic factor) the individual or combined 

impacts of the factors on slope instability and landslides are manifested through the 

surface and sub-surface geologic composition and characteristics of the basaltic lavas, 

scoria and volcanic mudflow deposits.  

 

Where necessary, statistical data, analog maps and pictures taken directly on the field 

are used to illustrate the importance of particular themes that could be derived from the 

factors considered. The objective was to explain which thematic layers could be derived 

from the physical (landslides distribution, hill slope gradient, river channel form, 

drainage bifurcation ratio, lithology, geologic structure, rainfall, seismic activity and 

aspect) and anthropogenic factors. The study also examines possible sources and 

methods of data acquisition with respect to the level of available economic and 

technical resources (considering that these resources may not be sufficiently available).  

Furthermore, there is a presentation of methods for the creation and analysis of themes 

(data layers for factors of landslides) using ArcGIS. In this paper, we illustrate methods 
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for theme creation and data input by accessing and loading data directly from the 

internet. In this part of the presentation, much is drawn from the procedure employed in 

drainage basin analysis where many of the themes (factors discussed in this study) in 

landslides analysis could be derived. The procedure for theme creation and analysis has 

also been presented in the consideration that digital data may not be readily available on 

the internet, thus, it would be necessary for GIS data to be created from scratch. 
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CHAPTER TWO: THEORETICAL FRAMEWORK 

 

Computers have been used for extracting terrain parameters from digital elevation 

models for at least the last twenty years (Brabyn, 1998).  ‘Within the fields of 

geomorphology and hydrology, the automatic mapping of morphologic landforms has 

been used to model erosion (Dikau et al., 1991), provide watershed information (Band, 

1986), and for mapping land components’ (Dymond et al. 1995) (in Brabyn, 1998). 

Approaches which employ the quantitative capabilities of GIS to model and predict 

slope stability are receiving increasing attention (Rowbotham and Douglas, 1998). The 

essence of GIS, in terms of how it can be employed based on geomorphological data 

generated from the field is acknowledged in the majority of the literature.  

 

The introduction of the Geographic Information System (GIS) into landslide research 

has greatly facilitated studies concerned with the collection and analysis of geological 

and geomorphological data for factors associated with slope instability and the 

occurrence of landslides. Digital surface and elevation models are some important 

examples in this regard.  This is noted in the works of Wang and Unwin (1992) and Dai 

and Lee (2002). Apart from those studies that have focussed more on the relationship 

between geomorphologic setting and landslides (Carrara, 1983; Hansen, 1984), others 

(Premchitt, 1991; Finlay et al., 1997, Lambi et al., 2001; Lambi & Fogwe, 2001) have 

been more specific in evaluating the relationship between landslides and rainfall on 

slopes of human activity.  

 

In some study areas, geomorphologists and ‘experts in surficial earth processes have 

traditionally constructed a landslide hazard map identifying areas likely to be affected 

by future landslides. This has been achieved by geomorphological understanding of the 

area through aerial photographs and field works. The hazard map is usually derived 

from geomorphological maps containing the basic geomorphological characteristics of 

landforms and it includes a systematic inventory of the past landslides’ (Panizza et al., 

1998) (in Chung and Fabbri , 2002).  

 

Cardinali et al. (2002) also present a geomorphological method to evaluate landslide 

hazard and risk. The method they employ is based on ‘the recognition of existing and 

past landslides, on the scrutiny of the local geological and morphological setting, and on 

the study of site-specific and historical information on past landslide events’. 
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In the same vein, Huabin et al. (2005) relate to the clear relationship that exists between 

landsliding and the fundamental morphologic aspects of mountainous regions such as 

surface drainage, divide lines, and subterranean drainage. Because of this relationship, 

they report that partitioning the ground into major topographic units (based on slope 

units) seems to be a most appropriate method to predict surface saturation and the 

occurrence of topographically controlled landslides, such as soil slip-debris flows, in 

soil mantled topography (Montgomery and Dietrich, 1994) (in Huabin et al., 2005).  

 

Furthermore, Trainor (2001) adopted a geomorphological/hydrological assessment of 

the factors that contribute to landslides for sustainable coastland and resource 

management. In the study, which dwelt on analysing stream density and landslide 

intensity (for specific sub-divisions of the study area), the following data (from 

topographic maps, geologic maps, digital watershed and air photographs) constituted 

the basis of the analysis: dominant geology, total number of landslides, landslide 

density, total number of landslides in areas of forest exploitation, drainage density, 

length of all valley flat streams and percentage of valley flat streams.  

 

As a result of the fact that limited technical and financial resources present a major 

constraint in landslides alleviation and management in the developing countries of the 

humid tropics, a relevant starting measure to invest on is the reliable identification of 

landslide-vulnerable areas. It is therefore absolutely important with the quality and 

extent (scale) of geomorphologic coverage for the identification of site-specific 

characteristics of the terrain (ground) that make the slopes vulnerable. This is consistent 

with the observations of Gares et al. (1994) who uphold that several conditions, many of 

which are specific to given sites (or environments) interact to result in slope failure 

consequently making it difficult to determine the spatial distribution of landslides. They 

(Gares et al., 1994) underscore the necessity to identify ‘the landslide potential by field 

surveys in geomorphology that rely on visual evidence’.  Reliable identification will 

then enable delineation of areas that have a history of slope failure because it would 

have enabled the ‘identification of the geomorphologic characteristics of the slopes 

susceptible to failure, and analysis of past geologic and geomorphologic processes that 

have affected the area’ (Cooke and Doornkamp, 1990). Similarly, Sarkar and Kanungo 

(2002) asserted that landslides are the result of a combination of several factors, which 

include geological, geomorphological and meteorological factors. Their study 

considered some major terrain parameters (drainage, lithology, lineaments, slope factor, 
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geomorphology, road network and land use) and discusses the importance of GIS and 

remote sensing in the generation of thematic layers that help in giving answers to the 

occurrence of landslides for parts of the area upon which their study was based. Other 

studies have employed photogrammetry and 3D GIS Techniques (Arul et al. 2003) to 

map landslide-vulnerable areas (based on the existing site factors) for safe management 

planning.  In remote sensing, ‘detection’ is used as a general term for mapping 

landslides within a remote sensing image (Mantovani et al. 1996).  Ramakrishnan et al. 

(2002) in a related study created a landslide model from various thematic layers (slope, 

soil, land use) derived from aerial photographs and digital contour maps. Delineation of 

vulnerable areas was performed after the conduction of an overlay analysis.   

 

Areas vulnerable to landslides are high-erosion areas, as the same operational factors 

imply in the two processes (erosion and landslides). It may also be said that there is a 

continuum between erosion and landslides. Consequently, uncontrolled erosion in hilly 

environments evolves over time to mudflows and landslides in the wet tropical regions. 

In the Mount Cameroon region Nama (2000) emphasised among other factors, the 

influence of lineaments and slope angles in predicting surface denudation (land surface 

degradation by weathering, erosion and landslides and lava-flow processes). The use of 

terrain modelling and GIS based on digital elevation models offer the potential to be 

able to map lineaments and slope angles to predict surface processes such as lava-flow 

and erosion (Nama, 2000).  

 

Topographic maps are a necessary requirement for construction of models that represent 

the surface of a landscape. Digital elevation models (DEMs) represent the topography, 

or landform, and computer analysis of integrated digital data sets can be exploited for 

geomorphological classification using automated methods developed in remote sensing 

(Giles & Franklin, 1998). Terrain units can be created by generating line networks 

representing local maxima and minima extracted from elevation surfaces’ (Rowbotham 

and Douglas, 1998) in a DEM. In addition, GEOMORF_2K1 is a desktop GIS (ESRI 

ArcView GIS 3.2a extension) which adds a new menu to the user interface for the 

following functions (De Bonis et al.2002): computation of Strahler stream orders, 

network geometry, elevation and geomorphic parameters (such as drainage density and 

bifurcation ratios (De Bonis et al., 2002). Inputs for the software include elevation data 

in a grid system, a polygon shape file representing the catchment and a polyline shape 

file used to represent stream networks. Qiuming et al. (2000) have also employed GIS-



 26 

based statistical analysis to extract the geomorphic parameters (stream length, elevation 

difference, number of streams, slope, perimeter, bifurcation ratio, density of streams per 

unit drainage area, and area of drainage basins) from DEMs.  

 

As it is evident that much has been written already on landslides from different 

perspectives for different problem regions of the world, it is important to note that in 

this study, the objective which defines the proposed methodology does not give more 

weight to any identified environmental factor over another in terms of their impact on 

slope instability. This is because much still needs to be done in landslides hazard 

research per se in Mount Cameroon and its surroundings. In addition, one factor (or 

more factors), dynamic (active/trigger), or passive, can be more dominant over others in 

rendering slopes unstable in different geographic environments. This therefore explains 

why the overall objective of this paper is to present a methodology that would be robust 

enough in giving fair assessment for all probable factors in the case of Mount 

Cameroon.  
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CHAPTER THREE: METHODOLOGY  

 

3.1 AN OVERVIEW 

This study has been written based on available geomorphologic findings from previous 

studies on Mount Cameroon. It has also been done by a review of literature that presents 

studies of landslides in general and the analysis of their causes from the perspective of 

specific geomorphologic aspects and data, field methods and their integration in a GIS. 

The work has drawn a lot from practical exercises in published documents and links to 

(of experts and academic departments) exercises on the internet. Presentation of the 

proposed methodology is based on the following specific information and material: 

 

-  A brief account of recent landslides and their impact in the study area; 

       

- Analogue maps (some of which include geomorphology, landslides distribution, 

hydrology, lineaments land use) and images for the Mount Cameroon region;  

 

- Recent geomorphic phenomena (tectonism and seismic activity, weathering and fluvial 

erosion) strictly in terms of their impact on landslides occurrence in the study region, 

lithologic and structural evaluation; 

 

-  Related literature in landslides, geomorphology and spatial analysis involving the use 

of GIS. 

 

It may be necessary at this time to examine some practical illustrations of GIS in the 

context of this paper. There also will be an introduction to the basic types of GIS data 

that would be met if the study were to be practically undertaken. 

 

3.2 GIS TOOLS, DATA AND THEIR APPLICATION 
 
3.2.1 Definition of GIS 
 

The meaning of GIS is Geographic Information System. According to Delaney (1999), 

‘GIS constitutes an integrated tool box for spatial data input, storage, management, 

retrieval, manipulation, analysis, modeling, output and display’. Similarly, Wadsworth 

and Treweek (1999) define GIS as ‘a computer-based system to input, store, 

manipulate, analyze and output spatially referenced data. Another definition (Carter, 
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1989) presents GIS as ‘an institutional entity reflecting an organizational structure that 

integrates technology with a database, expertise and continuing financial support over 

time’. Bernhardsen (2002) goes a little further by noting that ‘the acronym GIS has 

come to signify much more than a software system that processes, stores and analyzes 

spatial data…The term GIS has come to be associated with any activity involving 

digital data; we now talk about GIS data, GIS decisions, and even GIS systems’. 

Consequently a GIS can be said to be the most currently robust tool for geographic data 

capture, storage, analysis, editing, display and other aspects of data management needed 

as a basis for decision-making in various domains of the global service industry. Some 

major components (Fig 3.1) of a GIS include software (computer programs used for 

data analysis and management), data, hardware (computers) and expertise (human 

resource/users and organizations).  

 

Fig 3.1The Physical Components of a GIS 

 

Source: AGI (Association for Geographic Information) 

(http://www.geo.ed.ac.uk/agidexe/term?271) 

 

ArcGIS is recommended as the program needed to considerably realize the 

implementation of the proposed methodology. The reasons (for the choice of ArcGIS) 

would be given in the ensuing sections of this paper. 

 

3.2.2 What is ArcGIS ?  

ArcGIS is a desktop mapping program produced by ESRI (Environmental Systems 

Research Institute, Inc.) that allows the user to create maps from scratch starting with 

geographic data in electronic form. Some of the major components of the ArcGIS 
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software include ArcView, ArcMap, ArcEditor and ArcInfo. A combination of Arc 

Map, ArcCatalog and Arc Toolbox comprise what is now known as ArcGIS desktop 

or ArcView. When other advanced components are added, it comprises ArcGIS 

Workstation or Arc Info (ArcGIS: Duke Perkins University Library., Public 

Documents and Maps Dept (http://docs.lib.duke.edu/maps/guides/arcgis.html). Arc 

View is the software that enables querying, integration, analysis and visualisation. It 

enables any information to be managed according to the place of its location. 

 

ArcMap is the software for any task concerned with maps including map analysis, 

editing and cartography (map creation). With Arc Map, geographic data can be easily 

visualised in different formats. 

 

ArcEditor has the immense capability to edit features. It comprises a comprehensive set 

of tools to create, edit, and ensure data quality.  

 

ArcInfo is the software that ‘includes all the functionality of ArcEditor, ArcView, and 

ArcReader and adds advanced spatial analysis, extensive data manipulation, and high-

end cartography tools. ArcInfo provides all the tools to build and manage a complete, 

intelligent GIS including maps and globes, data, metadata, geodatasets, and workflow 

models. Arc Info is the most complete GIS’ (ESRI)  

(http://www.esri.com/software/arcgis/arcinfo/about/features.html). 

 

The ArcGIS software has been adapted for the application and use of specific tools or 

extensions for tasks concerned with spatial analysis, geostatistical operations and other 

provisions that enhance analyses in geomorphology, hydrology and related subjects. 

The fact that information can be uploaded into the system from the internet enables a 

vast majority of users (through easy data accessibility, analysis and management) from 

different locations. How some of these extensions can be applied in this study is 

illustrated. 

 
 
3.2.3 Data Sources 
 
There are two types of geographic data sources, namely, feature data sources and image 

sources of data. Feature data sources contain features that may be points, lines or 
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polygons while image data sources are simply pictures. Image data sources do not have 

any features. 

 

ArcView supports these data sources for feature-based themes: ArcInfo coverages, SDE 

(Spatial Database Engine) database layers, ArcView shape files, and CAD (Computer-

Aided Drawing) drawings (ESRI, 1998). In ArcInfo, features and their attributes are 

stored in a format called coverage. ArcInfo data support is very especially important 

because ArcInfo can convert data from myriad other sources, which are then 

translatable to ArcView (Hutchinson and Daniel, 2000). In ArcView, coverage can be 

represented as a theme. In cases where Arc Info coverage has more than one sort of 

feature, ArcView would require a separate theme for every category of features.  

 

CAD graphics are another form of geographic data that can also be used to create 

themes. A CAD graphic constitutes many types of features in just one layer. As with 

Arc Info coverage, ArcView would require a separate theme for every category of 

features. ESRI (1998) states that before a theme can be created based upon CAD data, a 

CAD Reader extension must be installed. With SDE layers, Arc View asks for the data 

from a database server. If the ArcView Database Themes extension is installed, SDE 

layers can be presented as themes.  

 

A shape file is ArcView’s data storage format for features and their attributes. In Arc 

View, a shape file can be created by drawing shapes in the themes that are created, by 

converting other spatial data sources or by using tabular data containing location 

information (that is, data stored in x, y coordinates) (ESRI, 1998).  The advantage of 

using shape files relative to other spatial data formats is that shape files display easily in 

a view and it is possible to edit a theme based on a shape file.  

 

Image data sources on the other hand include scanned imagery, satellite data, pictures 

and Arc Info grid cell format. An Arcinfo grid is a spatial data format in which features 

are represented in a regular system of grid cells. ArcView only supports images and 

grids for display but when the ArcView Spatial Analyst extension is installed, it is 

possible to create and analyze grid themes. 
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3.3 TYPES OF GIS DATA   

Generally speaking, GIS data represent aspects of the real world. The two major types 

of GIS data are vector and raster data models. 

 

3.3.1 Vector Data 

In GIS, vector data models are defined on the basis that the real world consists of 

geographical objects that take the form of individual points, lines and areas. On maps, 

objects are given absolute location by a pair of coordinates (x, y) visualized in a 

geometric array of grids (squares). The location numbers of these objects are usually 

indicated on the edges of the maps. The grids are formed by the regular intersection of 

equally-spaced coordinate lines such as eastings and northings. In vector models, real 

world objects are represented as points (nodes), lines and polygons (areas). Lines are a 

combination of points joined by links. On a map, they represent geographical objects 

such as rivers, roads, surface geologic features (faults, fractures or fissures), or 

boundaries (watersheds, land use, geology, vegetation and soil boundaries). Lines can 

also represent surface characteristics such as contours, ridges and troughs. An area 

(polygon in GIS) on the other hand is defined by a line which circumscribes a space 

with given characteristics.  

 

3.3.2 Raster Data 

A raster data structure is viewed as a surface of equally sized and spaced grid cells 

(Delaney, 1999). Every cell represents a given attribute of a feature contained in it. To 

have some meaning, a raster data model must have its cells assigned with numeric codes 

for the attributes contained in each cell. Examples of raster data are scanned digital 

imagery and continuous data (such as elevation and slope maps, geology and soils, 

vegetation and land use), photographs and satellite pictures. 

 

3.4 OTHER GIS DATA 

3.4.1 Attribute Data 

This is tabular data linked to themes (Hutchinson and Larry, 2000). A theme is a spatial 

dataset linked with attribute data that contain a location component (Hutchinson and 

Larry, 1999). Thematic maps either show the qualitative nature of a place or the 

geographic pattern of some measured quantity. In the methodology upon which this 

paper is based, themes are the layers for the various physical environmental factors 

(related to the occurrence and distribution of landslides in the study area). It is therefore 
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important to consider how themes can be created in ArcGIS. We could for example 

have a theme for rivers and in this case the attributes would be stream length, order 

(ranks) and bifurcation ratios. 

 

3.4.2 Spatial Data 

This refers to any information that gives the locations of places and the shapes 

displayed by objects on the earth’s surface. 

 

3.5 DATA INPUT 

Data input is any method that is intended to get data into a GIS. Technically speaking, 

data input is any process concerned with ‘gathering and converting data into digital 

formats (Delaney, 1999). What should be noted in data input is that vector and raster 

data may require to be entered one at a time. 

 

3.5.1 Scanning 

Scanning converts paper maps into digital format by capturing features as individual 

cells, or pixels, producing an automated image (Tamal)  

(http://www.gisdevelopment.net/technology/gis/techgi0002pf.htm). The problem with 

scanning is that it picks up any material within range including stains and wrinkles on 

the paper map. Electronic scanners have the ability to convert a map to digital form. 

 

3.5.2 Digitizing  

This entails selecting or tracing (using a digitizer) the configuration of selected features 

in a scanned map either manually or by automatic digitizing. ‘Digitizers have their own 

internal coordinate systems which may be related to terrain coordinates by cross-

registering checkpoints with known terrain coordinates (Bernhardsen, 2002). In 

digitizing, a hand-held cursor is used to trace the features that are necessary for an 

analysis. This is important as features for different themes (contours for elevation and 

DEMs, landslides distribution, geologic fissures, surface geologic types, watersheds and 

land use) can be isolated from a common topographic map, different analog maps or 

information from field mapping and saved in the GIS for subsequent operations such as 

overlay analyses. Digitizing works alongside software (ArcGIS, GRASS, and others) 

which receives stores and can display the coordinates as files on a screen. Digitizing 

ensures that the maps derived from a common base map are of the same scale and 

therefore can be overlaid on each other.  
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3.5.3 Field Mapping 

The most common form of geographical data collection is to annotate an existing base 

map in the field (Wadsworth and Treweek, 1999). Field studies and mapping constitute 

an important source of data in geomorphology and related disciplines. The use of GPS 

(Global Positioning Systems) is essential as coordinates obtained from the GPS receiver 

can be entered into the GIS. 

 

3.5.4 Downloading Data from the World Wide Web  

In this process, relevant data is uploaded directly from the internet into a GIS. 

Downloading as a form of data input is met again in the next major section of this 

chapter. 

 

3.6 CREATING THEMES 

This section illustrates how the GIS layers considered in this study can be created to 

enable an overlay operation. Theme creation is enabled in ArcView’s shape file format. 

A shape file is the data format for ArcView that enables the advantages such as easy 

data display and the ability to create and edit data (in ArcView). 

 

Creating themes in ArcView can begin by feature selection from an existing theme.  

After selecting the required features (rivers/streams, geologic fractures, landslides), the 

user converts the features selected into shapes and saves these in a shape file. In Arc 

View, it is possible to convert features in themes which have been created from SDE 

(Spatial Database Engine) database files, ArcInfo coverage and CAD (Computer-Aided 

Design) graphics into shapes. Features that are already shapes can also be converted and 

saved in a new shape file. This enables the extraction of selected features from large 

themes and the creation of smaller themes which have just the necessary features.  

 

Where it becomes necessary to begin theme creation from scratch, the first step in the 

procedure is to select New Theme from the view drop-down menu. The next step is to 

choose the type of feature that needs to be created, that is, point, line or polygon. The 

procedure continues by specifying clearly the name of the new theme and the location. 

We then select Feature Type and click OK. The theme created is appended to the table 

of contents. By default, the theme can be edited and shapes can be added. For attributes 

to be added to the theme, it should be made active.  

 



 34 

From the Button bar, the Open Theme attribute table is chosen. The new theme now has 

its attribute table open. The attribute table constitutes the shape field, as well as a record 

that matches with every appended feature. By default, the table can be edited and new 

fields can be appended as well as attributes for every record. New themes can also be 

created by creating new shape files from the selected features and editing the themes as 

required. 

 
3.7 DRAINAGE BASIN ANALYSIS FOR DERIVATION OF FACTO RS    
(THEMES) OF SLOPE INSTABILITY 
 
The objectives of this study necessitate an understanding of the relief (elevation, slope 

and runoff channels), hydrography (streams and lakes) and hydrology (the movement of 

water between parts of watersheds) of watersheds in relation to the occurrence of 

landslides. Other important components of a watershed in this regard (landslides 

occurrence and distribution) as earlier noted are geologic nature and soils as they relate 

to the ease of being eroded. Consequently, an important component in this section of the 

study would be to give a rough illustration on watershed delineation in ArcGIS. This 

will enable the generation of data layers (themes) for small divisions (subcatchments) of 

a region for comparative analysis. Watershed (Drainage basin) delineation would enable 

the derivation of data and GIS layers on drainage (stream) network, stream order and 

bifurcation ratio (Rb).  

 

Drainage basin delineation is a procedure which assigns boundaries to a drainage basin 

(watershed or catchment) such that there is a distinction from another on the earth’s 

surface. It should also be noted that a drainage basin can also contain subsystems (small 

catchments) depending on the scale (extent or size). Therefore drainage basin 

delineation would include indicating to portray precisely individual stream networks 

and small catchments contained in the larger unit. Studying the major physical 

components and processes (as mentioned above) in a drainage basin is enhanced by the 

use of Digital Elevation Models (DEMs).  

 

3.7.1 Working with a Digital Elevation Model.  

A DEM (Fig 3.2) is a dataset that reflects the representation of the land surface. It is 

important in calculations relating to drainage area.  
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Fig 3.2 A Simple Representation of a DEM 

 

                                                               (Author’s work) 

A DEM shows elevations for points on the ground. The elevations are given at 

‘regularly spaced intervals’ (Maidment & Mason, 2000). In GIS a DEM is represented 

in raster format (which is a system that stores, locates and shows geographic 

information in a system of grid cells). The water direction is from cells with high values 

to adjacent cells with low values (Fig 3.2), since in the real world streams flow down 

slope. 

 

ArcGIS ensures that stream flow is modelled by use of the ‘eight direction point pour 

model’ (Hudgens, 1999). In the model, stream flow from a cell in a DEM will be in the 

direction of one of the eight adjacent cells. The receiving cell among the eight would be 

the one with the steepest slope between neighbouring grid cells.  

 

‘Topographic maps are the traditional way of representing land surface terrain and 

streams. Watersheds can be hand-delineated from these maps’ (Maidment & Olivera, 

2000).  Topographic maps are raster images and when these are scanned, they become 

an important reference tool to edit the network of streams. Since ArcGIS is a desktop 

GIS, the necessary datasets can easily be downloaded into the PC (Personal Computer). 

Digitizing scanned images of a topographic map is a major procedure needed to derive 

the DEM of an area. Alternatively, the USGS (United States Geologic Survey) provides  

data on an Internet Map Server that can be downloaded and set in ArcMap.  

 

To download the DEM, the first thing to do is to click on View and then ‘Download – 

United States data’. It is important to be familiar with the following tools: Pan/Move 

(Left Panel); Display Legends/Layers (Right Panel); Information tool (Left Panel); 

Zoom tools (Left Panel). There are default settings which illustrate the National 

Elevation Data (NED) with National Land Cover Data (NLCD) as well as state 

boundaries which have been overlaid on it. Using a DEM in ArcMap requires that the 
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data should be converted into the correct format. In other words, the DEM should be 

converted into grid format which is the appropriate raster data model. An example of 

such conversion is from SDTS (Spatial Data Transfer Format) to grid. This is done by 

opening Arc Tool Box from the Start menu followed by clicking Conversion Tools / 

Import to Raster, and choosing the Import SDTS conversion tool.  

 

3.7.2 Contour Creation 

Contours are lines on a topographic map which join places of equal elevation.  Contours 

can be created by accessing the contour tool in the Spatial Analyst Toolbar (Fig 3.3). 

The contour tool is activated by clicking on it. The user first clicks the area of the DEM 

intended to be studied. The contour value is given after adding the contour line. The 

contour tool enables visual representation of contour lines. 

 

Fig 3.3 Spatial Analyst Tool Bar showing pathways for aspects of Terrain Analysis 

 

 

 

 

 

 

 

 

 

 

Source: 
(http://www.utexas.edu/depts/grg/hudson/grg360g/EGIS/labs_04/Lab6/New_figures/fig
5.jpg) 

Creating a shapefile for contours is enabled by the spatial analyst dropdown provision 

(menu) by clicking Surface Analysis → Contours (Fig 3.3). There is also a provision 

that enables the contour interval (Contour interval refers to the difference in 

height/elevation between two contour lines) to be chosen. Next, zoom into the study 

area, make active the Stream Layer and then refresh the map. The streams and HUC 

(Hydrologic Unit Codes) layers should be activated. These Layers show basins in the 
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study region. Select NED from the Download layer panel (at upper right side) and also 

select SRTM (Shuttle Radar Topography Mission) 30m (from Download layer panel). 

Instructions are given to download data. Data is downloaded as a zip file. The size of 

such files should be less than 100 MB so they can be easily processed. Save the file, and 

open ArcMap by going to Programs, ArcGIS and then ArcMap. The Spatial Analyst, 

3D Analyst and Arc Hydro tools should be activated by clicking View and then 

Toolbars. Data is added by clicking File and then Add Data. In the directory which 

corresponds to the downloaded DEM, select DEM and add to ArcMap. Double clicking 

the checked box provision gives the layer properties. This makes it possible for the 

DEM to be modified. The Value field is elevation while the Count Field is the number 

of cells representing a given elevation. Elevation data can be arranged in descending 

order by right-clicking on Value Field and selecting Sort Descending. 

 

ArcMap has an icon which is meant for organizing files. Alternatively, ArcCatalog is 

often used to organize files by clicking Programs, ArcGIS and then ArcCatalog. Saving 

a project at this point results in the creation of a personal geodatabase with the name of 

the project.  

 

Arc Hydro Tools (Fig 3.4) enable terrain modelling. Filling the sinks in a DEM means 

the DEM is processed so the surface is correct in real world scenario. A sink obtains 

when a grid cell in a DEM is in the middle of adjacent cells with higher values (which 

represent elevation). 

 

Fig 3.4 Arc Hydro Tools 

 

 (Maidment, Tarboton and Robayo, 2003) 

(http://www.ce.utexas.edu/prof/maidment/giswr2003/ex4/Ex42003.htm) 

 

Since water would normally flow downslope, such a situation means the water would be 

trapped in the middle cell (of lower value than immediate surrounding cells). To 

perform this procedure Arc Hydro toolbar is accessed by the following pathway: 

Terrain Preprocessing → fill sinks (Fig 3.5). 
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Fig 3.5 Arc Hydro Tool showing Accessories for DEM and Catchment Analysis 

 

 

Source: 
(http://www.utexas.edu/depts/grg/hudson/grg360g/EGIS/labs_04/Lab6/New_figures/fig
5.jpg) 
 

In the real world, a sink is a depression. Therefore sinks in a DEM must be filled in 

order to obtain directions for overland flow (runoff). The flow accumulations are 

derived by obtaining the upslope sections which direct water to each cell. This is 

facilitated by following instructions alongside careful observation of the data values. 

 

A hydrographic dataset in Arc Hydro tools includes streams, lakes and other water units 

(shapefile), Real-time Stations Shapefile, and HUC boundaries Shapefile. These 

shapefiles are downloaded from the following link:  

http://nationalatlas.gov/atlasftp.html. All three layers are added to ArcMap. 

 

If all the layers added so far are turned on, the view would give a filled (topographically 

correct) DEM, drainage units and gauging stations. In Arc Hydro, the identification tool 

and data for flow accumulations enable the user to find the number of cells which flow 

into the tributaries of a stream network. This cell number can be used to select grid cells 

which represent streams (in terrain processing). The following operations (as seen in Fig 

3.5) are important in this regard: 
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- Stream Definition: Define the number of pixels called a river (Click Terrain 
Preprocessing → Stream Definition) 
 
- Stream Segmentation:  Partition the streams into segments  
(Click Terrain Preprocessing→Stream Segmentation) 
 
- Catchment Grid Delineation: Delineate all subbasins (subcatchments) at the                               
stream junctions determined by the segmentation algorithm. To do this, click Terrain 
Preprocessing→Catchment Grid Delineation. This defines regions in Raster format that 
are subcatchments in the major catchment. 
         
- Catchment Polygon: Convert grids along catchment (basin/watershed boundaries) 
into polygons 
 
- Drainage Lines: Obtain line coverage of stream network in downstream-upstream 
order 
 
- Adjoint Catchments: Obtain polygon coverage of basins in downstream-upstream 
order, group subbasins in domain 
      

- Drainage Point: Obtain point coverage of subbasin outlets. 

 

To obtain a vector model of the stream segments, the pathway is Terrain 

Preprocessing→Drainage Line Preprocessing. This gives a shapefile called Drainage 

Line which constitutes all stream segments defined as polylines (In GIS, Polylines mark 

points which define clearly the extent of line features such as roads, rivers and 

powerlines). 

 

To derive a layer constituting only the subbasins and streams segments, the user goes to 

the shapefile for basin (catchment/watershed) and selects only the catchments in the 

study area. This selection is exported and named as a new shapefile (layer). The 

procedure is repeated for river (or stream) segments contained in the shapefile called 

Drainage Line. When this is done, the attribute table for every subcatchment would 

have a field which stands for stream segments. 

 

In Arc Hydro software, the batch delineation tool is used to pick out and describe the 

characteristics of particular points of interest (at the basin outlet) to the user. Clicking 

on the point as appropriately directed brings out a box. The point is named, described 

and set by the following expression:  

Batch Done= 0 and Snap-on = 1 
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3.7.3 Watershed Delineation 

The pathway here is Watershed Processing→Batch Watershed Delineation. All fields 

including the created batch point should be entered accordingly. The point selected and 

the watershed into which it falls should be named. This operation would result in an 

irregularly shaped polygon. By going to Watershed Processing→SubWatershed 

Delineation, the result will be the boundary of the watershed for the chosen point. This 

procedure can be repeated for points in different parts of a major watershed. The 

necessity of this procedure in regard of the objectives of this paper is that it brings out 

clearly the stream networks in a watershed. This makes it easy for stream classification 

and calculation of the bifurcation ratio (Rb) not just for the entire watershed, but also for 

subwatersheds (subcatchments). 

 

3.7.4 Stream Ordering (Stream Classification/Ranking) 

Stream ordering is a method employed in assigning numerical order or ranks to 

tributaries or stream channels in a catchment. There are different methods of stream 

classification. The Horton Stream ordering system states that a stream without any 

tributaries is classified as a first-order stream. When two first-order streams meet, the 

resulting segment is a second-order stream. When a higher order stream meets a lower 

order stream, the resulting segment is designated the order of the higher order stream. 

Other methods of ranking streams are the Strahler and Shreve methods.  

 

Stream classification in ArcGIS begins with the creation of a new field in the shapefile 

DrainageLine. The field created can be named h_order (Data type: Short Integer). All 

streams of every order (1st, 2nd, 3rd, 4th) in the shapefile are selected. By going to the 

attribute table, the field calculator would be used to assign an order only on the selected 

segments. Stream ordering is emphasised in this study because it is the accomplishment 

of this phase which makes it possible to calculate bifurcation ratio (Rb) values. 

 

3.7.5 Slope Analysis  

Suppose a hypothetical model of a DEM with elevation values is considered as in 

Figure 3.6, the gradient of the surface represented by the figure (Fig 3.7) would be 

computed by applying the necessary algorithms as follows: 
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Fig 3.6 General Representation of a DEM 
 
 
 

 

(Author’s work) 

Fig 3.7 A Right-Angle Triangle as an illustrative model for the calculation of Slope 

                                                      dz/dx 

 

 

                             

                                                                                dz/dy 

(Author’s work) 

 

rise/run = tan θ   

Where, 

rise is the change in elevation (dz/dx) and run is the change in the horizontal distance 

(dz/dy). 

Furthermore, 
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Where,  

∆z is the surface derivative (dz/dx, dz/dy),  

x_mesh_spacing = y_mesh_spacing = the size of the grid square (length or width),  

and, 8 is the number of directions to which surface water could flow from the centre 

cell. Therefore the slope (gradient) of the raster elevation surface (Fig 3.6) is given as:   

 

Slope = 
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Considering for example the DEM (Fig 3.8) with a resolution (cell size) of 2m given as 

follows: 

a b c 
d e f 
g h i 
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Fig 3.8 Hypothetical Presentation of a DEM 
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(Author’s work) 
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If dz/dx = 0.812 and dz/dy = -1.437 the slope will be 

 

22 437.1812.0 +=slope  

 

In ArcView, slope is computed as degrees. Therefore degrees slope is given as: 

Degrees slope = ArcTangent (%rise/run) 180/π. This is also same as:  

 

Slope in Degrees = Arctan (%slope) 180/π.  

 

ESRI software employs the above algorithm in the calculation of slope (Jenness, 2005). 

Slope calculation can be done in ArcMap with either the spatial analyst extension or the 

3D extension.  

 

3.7.6 Creating Slope and Aspect Themes 

Slope and aspect describe a topographic surface. ArcView spatial analyst is equipped 

with tools that enable the calculation of slope and aspect but an important input 

(requirement) for the calculation of these themes (slope and aspect) is an elevation 

surface. Elevation surface can be derived from a number of elevation points from an 

elevation theme. It is always important to begin this procedure by first studying 

carefully the sample elevation data in order that the surface created should make as 

much sense as possible. The procedure begins by making active the Elevation theme 
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and clicking on the Open Theme Table button. This enables examination of the Spot 

field in the Elevation Attributes table. The Elevation theme is represented by a number 

of sample points for the elevation at given locations. Every point is recorded by x and y-

coordinates as well as the z-value (representing elevation) for the given location.  

 

To examine the statistics for z-values, we activate the Elevation Attributes theme and 

the Spot Field and from Field Menu, choose Statistics. A statistics report is displayed 

from which the maximum and minimum z-values are noted so a comparison to the 

surface created can be made. The next step is to select Interpolate Grid from the Surface 

menu. When this is done, an Output Grid Specification dialog box is displayed and from 

the Output Grid Extent drop-down arrow, ‘Same as Elevation’ is chosen. An 

Interpolation Surface dialog box comes up and from the drop-down arrows; we select 

‘Spline’ for ‘Method’ and ‘Spot’ for the Z-value field. After clicking OK interpolation 

calculates an elevation value for every cell and this is based on the number of chosen 

samples from a defined distance to every cell. Every output cell has a value which is an 

approximation of the elevation at the centre of any given cell. 

 

To compute slope, the interpolated Elevation Surface theme is activated and from the 

Surface menu, Derive Slope is chosen. The Analysis menu offers Map Query options 

that enable a display of any aspect of the slope theme that may be of interest to the user. 

To derive an Aspect theme, the Elevation Surface theme is activated and from the 

Surface menu, Derive Aspect is selected. 

 

3.8 OVERLAY OPERATION 

An overlay analysis is an operation that enables visualization of a combination of two or 

more themes. There are different types of overlay analysis: point in polygon, polygon in 

polygon and line in polygon overlay. In ArcGIS, performing an overlay operation 

depends on the intent of the analysis and the nature of the input layers (themes). 

‘Append’ (add), for example, is a data management tool necessary for handling feature 

classes (A feature class refers to a collection of geographic features having the same 

geometry, such as line, point or polygon). The Add tool is used to merge (or combine) 

two or more themes into a single theme containing all the features of both themes. All 

the input features for the operation should be the same type, that is, all point or all line 

features. This type of overlay analysis is also called spatial join, where two spatial 
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relations are combined together based on some spatial criteria (Arge et al., 

http://www.cs.duke.edu/~jsv/Papers/APR98.SSSJ.pdf#search='spatial%20join').  

 

According to Hoel and Hanan (1998), a ‘join’ combines entities from two data sets into 

a single set for every pair of elements in the two sets that satisfy a particular condition. 

The conditions are attributes which are common to the two data sets. For example, 

when comparing a polygon theme with a point theme, ArcView finds points inside 

polygons and appends the attributes of the polygons to the points they contain (ESRI, 

(1998). Some pairs of themes (upon the specifications of this study) consistent with the 

point-in-polygon overlay operation are landslides and surface geologic types (rock 

type/polygon); landslides distribution (point) and land use (polygon); landslides 

distribution (point) and slope (polygon). 

 
3.8.1 Overlay Operation between Landslides and Geologic Structures 
(Lineaments) 
 
Given that Mount Cameroon region is an unstable region (earthquake region), it may, 

for example, be necessary to perform an overlay analysis between landslides (points) 

and geologic structures (lines of weakness such as faults, fractures or lineaments).  

 

In ArcView, point-in-line (or line-in-point) spatial join employs the ‘Nearest Spatial 

Neighbour Operator’ (Hutchinson and Daniel, 2000). In performing nearest neighbour 

analysis, a distance field is appended to the joined table. The distance between the 

joined features is measured in map units and this distance is contained in the Distance 

field. In this case, spatial join uses ‘Are within the Distance of’ as the spatial relation 

type. The spatial relation type is selected from the ‘Select by Theme’ dialog box. 

Another practical point-in-line overlay operation may be for the relationship between 

landslides and river courses. 

 

The spatial relation specified as ‘Are within the Distance of’ implies that features in the 

source theme (target theme) should be within a defined distance of features in the 

selecting theme. Defining (by selecting) a distance generates a buffer (A buffer is a 

distance ring that is drawn around a feature at a defined distance from the feature) 

around all selected geographic features. Relating this illustration to the study, we may 

be interested in finding all landslides that lie within a given distance from geologic 

structures (lines) of weakness. In the same vein, the task may be to find all sections of 
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geologic structural lines that are within a given distance from landslides. If for example, 

we wanted to find out about all landslides within 100m (328.08 ft) from geologic 

structural lines of weakness, the procedure would be as follows: 

 

We begin ArcView (if necessary) and from the File menu select Open Exercise. In the 

exercises scrolling list, select the appropriate exercise and click OK. The project would 

open with two themes that can be seen in the view: a point theme (for landslides), and a 

line theme (for geologic structures which may be a combination of faults or fractures). 

 

The landslides theme is activated (by clicking its label in the project view window). All 

geologic structures (lineaments) are selected and highlighted in the geologic structure 

theme. The geologic structure theme is the selecting theme since it will be used to select 

landslides (target theme) within 100m from lineaments. ArcView uses just the features 

that have been highlighted in the selecting theme to select features contained in the 

target theme. 

 

From the theme menu, display the Select by Theme dialog box by choosing ‘Select by 

Theme’. The box will present options that define different spatial analysis operations 

from the drop-down list (drop-down menu). Here, we would be guided by the 

expression ‘Select features of Active Theme that intersect the selected features of 

Landslides’. 

 

In the Select by Theme dialog box, we choose ‘Are within Distance of’ from the upper 

drop-down list and from the lower drop-down list which is set as ‘the selected features 

of’, choose ‘Geologic Structures’. 

 

Next, type the specified selection distance (100m or 328.08ft). Consequently, all points 

(landslides) in the landslides theme will be highlighted if they occur within 100m of 

geologic structures. 

 

Click on New Set and ArcView would compute and present all landslides within 100m 

of geologic structures. If we want to find out a little more about each selected landslide, 

then we click on the Identity tool (i) to have it highlighted. The identity tool is then used 

to click on every selected landslide to display its attributes in the ‘Identity Results’ 

dialog box. 
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The point-in-line procedure could as well be used to perform the same proximity 

operation this time for all houses (points) within a specified distance from landslides 

(points).  The raster calculator as would be more clearly seen (in later sections of the 

present paper) remains the ultimate tool to calculate easily and more precisely the 

relationship between landslides and possible trigger (causative) factors. 

 

3.8.2 Raster Data Overlay 

Raster overlay is often more efficient than vector overlay because the extent of the 

calculations is much less (Bernhardsen, 2002). This is because in the overlay of vector 

data, it is necessary to have a clear distinction of the features (points, lines and 

polygons). This is not the case in the overlay of raster data since the layers all consist of 

a regular arrangement of grid cells of the same size. In other words, in the overlay of 

raster data, the different themes (layers) are of the same area coverage (extent). 

Consequently, there is no problem as the occurrence of baseless (erroneous) polygons in 

vector data overlay. Since raster data attributes are represented in the various thematic 

layers, it is easy to perform arithmetic operations directly in an overlay procedure.  

 

Two thematic layers, A and B of two factors having a strong positive impact on slope 

instability (and the trigger of landslides) can be combined (summed) for a composite 

layer C, (an overall landslides risk evaluation map) by the addition operator (+). Other 

arithmetic operators include subtract (-), divide (/) and multiply (*). Performing logical 

operations entail the use of the following arithmetic operators: =, <, >, <>, <=, >=. 

Bolean operations such as OR (Union in set theory) and AND (Intersection in set 

theory) can as well be used depending on the nature of the analysis. 

 

The raster calculator (Fig 3.9) in the ArcGIS spatial analyst extension is the primary 

tool for these calculations. 

 

 

 

 

 

 

 

 



 47 

Fig 3.9 The Raster Calculator 

 

Source: Madry (http://www.informatics.org/anth328/lab12.html) 

 

ArcView is equipped with functions for analysis of both raster and vector data. To 

create a stream net work from a raster layer for example (Fig 3.10), we click on the 

spatial analyst menu and also click ‘Convert’ and then ‘Raster to features’. 

 

Fig 3.10 Dialog Box for Conversion from Raster to Vector data 

 

Source: Madry (http://www.informatics.org/anth328/lab12.html) 

 

The defaults are changed to the suitable values and clicking on OK results in a line 

feature for river network. The Raster calculator is displayed such that the user can see 

the layers list which shows the data in the system and the provision for numbers, 

arithmetic and logical operations. The use of the calculating tool will be illustrated more 

(in sub-chapter 5.3.2) for data reclassification and combination for determination of 

landslides vulnerability zones.  
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CHAPTER FOUR: FACTORS AND PROCESSES THAT CONTRIBUTE TO 
LANDSLIDES IN THE MOUNT CAMEROON REGION 

 
4.1 INTRODUCTION 

Landslides in Mount Cameroon owe their origin to a number of physical environmental 

and anthropogenic factors. The necessity to examine how these factors have had an 

impact on the stability of slopes is to give light to the relevance of the various thematic 

layers from data that could be derived from these factors for analysis using GIS. The 

overall goal is to present an overall picture with regards to the extent of either one or 

more factors in the occurrence of landslides. 

 

4.1.1 The June 26th to 27th 2001 Landslides in the Limbe Municipality:  

The series of landslides and mudflows which affected the slopes of scoriaceous cones in 

the Limbe municipality was an unprecedented event in Cameroon. Triggered by an 

intense prolonged monsoon-type rainfall, the landslides came in the form of a mixture 

of mud and debris flows. The intense rainfall also resulted in unprecedented flooding. 

At least 24 lives were lost and close to 3000 people were made homeless.  

 

The chains of volcanic cones (hills) from the low-lying coastal areas into Mount 

Cameroon constitute loose pyroclastic material which quite often alternates in vertical 

sections with other pyroclastic layers and lava sheets (lava-flows). Field observations 

gave an approximate count of at least 73 recent landslides (fresh red scars). (Tambe-

Ebot, 2003). Figure 4.1 shows the distribution of the landslides in the Limbe 

municipality. The affected hill slopes appeared to have been overburdened by farming 

and settlements. As Lambi et al. (2001) pointed out, ‘the presence of very steep slopes 

created by cutting for building and the concentration of run-off on such saturated and 

delicate slopes became a good panacea for the massive slope failures which 

characterized the several landslides and mudflows’. The Mabeta-Towe-Livanda (Figure 

4.2) volcanic hills appeared to be some of the worst hit areas.  
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Fig 4.1 Landslides Distribution in Limbe Municipality 

 

 

(Source: Ayonghe et al., 1999) 

 

 

Fig 4.2 Landslide at Mabeta (Limbe Municipality) 

 

 

(Source:Tambe-Ebot, 2003) 
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4.2 FACTORS THAT ACCOUNT FOR LANDSLIDES IN THE MOUN T 
CAMEROON REGION 

 
4.2.1 Surface Geology (Lithology) 

This constitutes lava-flows, chains of scoria hills, and deposits of volcanic mudflows. 

Scoria cones are presented in chains of conical hills built from accumulations of 

particulate volcanic material (scoria, pyroclasts, tephra, ash and cinder) constituting 

coarse and fine particles. Their morphology has an important implication in relation to 

landslides occurrence in that the sides of the cone is always that of the angle of rest for 

loose scoria, implying that all young scoria cones have side slopes of 33° (Francis, 

1976). The slopes are therefore generally steep. The deposits of different lava-flows, 

mud and pyroclastic flows can be seen in vertical section at road cuts and river 

embankments in the form of successive alternating layers (lava-scoria, scoria-scoria, or 

lava-lava). Figure 4.3 shows a geologic section of the Ombe River valley wall exposed 

after river bank failure from intense prolonged rainfall. It is important to observe the 

stratigraphic sequence of the volcanic material (alternating layers). A stratigraphic 

sequence is a vertical section which shows the superimposition of different layers of 

volcanic mudflows and lava-flows that were deposited during past volcanic eruptions. 

This explains why Mount Cameroon has been referred to by many researchers as a 

strato-volcano. 

 
 

Fig 4.3 Exposed vertical section of the Ombe River valley wall after unprecedented 
rainfall and landslides in the year 2001. 

 

 

Source: Tambe-Ebot, 2003 
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Similarly, field studies at geologic sections which had been exposed by landslides (or 

sometimes debris flows) on slopes in the Limbe municipality, for example, revealed 

successive clayey layers of deposited material with different colour complexes.  

 

4.2.2 Structural Geology 

Geologic structural maps (Fig 4.4) of Mount Cameroon show that the distribution of 

faults, joints and fissures is concordant with the SW-NE direction of the CVL. These 

are usually not easy to identify directly on the ground especially in the lower areas (≤ 

1,000m above sea level) given the dense vegetation in these parts. However some 

features of geologic weakness can be identified by the use of aerial photographs and 

remote sensing. A fault is different from a fracture or fissure in that faults are indicative 

of block displacement. In volcanic regions, homogenous vegetation whose limits from 

other ground surface features appear in a linear pattern might be indicative of faulting 

along the edges (limits). Lava-flow maps can also be a helpful guide in identifying and 

tracing the orientation of geologic lines of weakness. This is because lava-flow is 

generally thought to be channeled down slope through pre-existing valleys, dongas and 

other topographic lows (Lambi et al. 2001).  

 
Fig 4.4 Structural map showing the distribution of faults, fissures and 

scoria/cinder cones at the summit region and slopes of 
Mount Cameroon. 

 

 

(Source: Suh et al., 2002) 
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Perhaps some important subterranean geologic features that should also be taken into 

account when studying the pattern of lineaments are lava tubes (lava tunnels) (Fig 4.5). 

These volcanic features (lava tubes) are comprehensively covered in the works of Ollier 

(1969) and Francis (1976). In a similar impact as the facilitation of surface water 

infiltration and erosion through lineaments, lava tunnels have been known to constitute 

major subterranean passages that are easily exploited by surface water percolation 

(active erosion through lava tunnels with collapsed roofs), and subterranean water. The 

facilitation of both fluvial and lava erosion through lava tubes in Mount Cameroon has 

been illustrated by Nama (2000). Lava tubes are subterranean elongated hollows 

consistent with the inclination of the slope. Sections of the subterranean geologic 

composition with these elongated cavities (compounded with the facilitation of 

weathering and erosion) would definitely render the ground/slope directly above them 

less stable and risky for any forms of human occupation and activity. The lava tunnels 

vary in size (diameter and extent) and some in Mount Cameroon are commonly referred 

to as caves.  

 

Fig 4.5 A lava tube in Mount Cameroon 

 

(Source: Tambe-Ebot, 2003) 

 

4.3 Hydrology  

A radial drainage pattern obtains for Mount Cameroon. Streams flow in the direction of 

the slopes (Fig 4.6).  
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Figure 4.6 Hydrology of the Eastern Slope 
of Mount Cameroon  

 

 

(Source: Fobang, 1991) 

 
Springs have generally been seen to flow from the elevation of 1800m which is the level 

where most streams have taken their rise. The nature of the geology in terms of 

lithology (the physical character of the surface rocks, that is basaltic lava sheets on the 

one hand and loose scoriaceous material and volcanic mudflows on the other) and 

structure (lineaments or crustal lines of weakness) may have an important control on 

drainage.  

 

To evaluate the control of geologic character on the drainage in Mount Cameroon, some 

major streams of the eastern slope were ranked and the bifurcation ratio (Rb) for 

sections of the drainage system (Tambe-Ebot, 2003) was calculated. Rb, as would be 

seen in the coming sections is important in this study, as it may point to some form of 

geologic control or influence (either structural or lithological) related to stream channel 

erosion and landslides along sections of river valley walls. Rb is therefore an important 

parameter that can possibly explain the occurrence of landslides on river valley walls. It 

can thus constitute a useful theme in a GIS overlay procedure for landslides factor(s) 

analysis.  
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4.4   Bifurcation Ratio  (Rb) and River Channel Form: Relationship 
        to Erosion and Landslides 
 
Stream ordering identifies and classifies streams beginning with the number of 

tributaries for each major stream (Table 4.1).  First, the streams are ranked or ordered 

numerically. Streams that take their rise from the source (streams which sustain the 

source of a river) are given the value 1 (first order streams). The meeting of two first 

order streams results in a second order stream (with the rank 2). When two second order 

streams meet, they form a third order stream (with rank/order 3). When two streams of 

different ranks meet, the result is a continuation of the higher ranked stream (for 

example, 3+2=3). This is the Strahler system of stream classification and it is one of the 

most used systems of stream classification.  

 

Bifurcation ratio represents the ratio of the number of streams of one order to the 

number of streams of the next higher order. Arithmetically, Gordon (1976) expresses 

Horton’s concept of the bifurcation ratio (Rb) as:   

 

Rb  =  Nu / Nu + 1 

 

Where, Nu = the number of streams of order u and  

Nu + 1 = the number of streams of order u + 1 (Oohata & Shidei, 1971). Similarly, 

other papers (Donald & William, 1996; Indrani et al., 2006) have summarised the 

bifurcation ratio Rb as: 

 

Rb  =  Ni / Ni +1 

 

Where, Ni is the number of streams of order I, where ‘order ‘refers to the Strahler 

stream ordering system.  

 

Table 3.1 is based on the drainage map (Fig. 4.6) of the eastern slope of Mount 

Cameroon. The table shows values of Rb for major streams and their tributaries. 

 

Bifurcation ratio (Rb) is an important index of erosion (including landslides) in 

watershed analysis. Its values indicate the level of efficiency of stream channels in 

handling the amount of water that flows through them. The use of Rb as an index of 

erosion intensity has been reported by Haggett and Chorley (1969), Sparks (1972), 
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McCullagh (1978), Dury (1981), Phadake and Pishte (1982) and Waugh (2000). The 

reason to calculate Rb (to assess the control of geologic structure in relation to observed 

erosion and landslides in river systems in the study area) came from the observed 

flooding of river valleys and landslides for sections of the valley walls of streams on the 

eastern slope of Mount Cameroon after intense rainfall. The analysis which was based 

on Figure 3.4 (Hydrology of the Eastern Slope) showed that Rb values for most sections 

of the main streams and their tributaries were less than 3.0 (Table 4.1). According to 

McCullagh (1978), the implication of Rb in erosion intensity is indicative of the flood 

danger in river valleys or channels as the potential flood danger increases with a 

reduced value of Rb. Channel flooding would imply very little or no infiltration of water 

into the soil, increased hydrostatic pressure on the valley/channel walls, significant 

erosion and landslides at sections of the valley either due to valley form or the presence 

of weak geologic material. However, the present study does not conclude that Rb 

remains the most important indicator for the significant erosion and associated features 

already observed in the mentioned parts of the study area given that geological and 

other environmental factors influencing run-off, river valley and channel erosion should 

as well be thoroughly investigated to have reliable judgement on the relative or 

combined effects of the factors. Consequently, it would have been appropriate for this 

point to be mentioned in the related study (Tambe-Ebot, 2003) (conducted by the 

present author) on the Eastern Slope of Mount Cameroon. 
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Table 4.1 Stream Ranks and Bifurcation ratios for the drainage of the Eastern 
Slope of Mount Cameroon 

 
 

Drainage Basin 
Stream 

Order/Rank 
Number of 

Streams 
Bifurcation 
Ratio (Rb) 

 
 

Ombe 

 
1 
2 
3 
4 

 
20 
11 
8 
2 
 

 
1.81 
1.37 
4.00 

Mean=2.39 

 
Limbe 

 
1 
2 
3 

 
5 
2 
2 
 

 
2.5 
1 

Mean=1.75 

 
Ndongo 

1 
2 
3 
 

6 
4 
1 

 
1.5 
4.0 

Mean=2.75 
 

Benoe 
 
1 
2 
3 
 

 
5 
3 
- 

 
1.6 
- 

 
Pungo 

1 
2 
3 

9 
6 
2 
 

1.5 
3.0 

Mean=2.25 

 
Sonne 

 
1 
2 
3 

 
3 
2 
- 

 
1.5 
- 

 
Koke Basin 
Tributary 

 

1 
2 
3 

12 
5 
6 

 
2.4 
0.83 

Mean=1.61 
 

Meanja Basin 
Tributary 

 

1 
2 
3 

8 
6 
1 

 
1.3 
6 

Mean=3.65 

 
(Source: Tambe-Ebot, 2003) 

 
Also, Dury (1981) upholds that many real networks have Rb values of 3.0 to 4.0. Such 

systems (with Rb of 4) are in equilibrium with their channels and can be said to be 

efficient systems. In the same vein, Strahler (1975) employs Rb as one of the main 

indices in the quantitative appraisal of erosional forms and Sparks (1972) points out that 

in drainage basins which are not greatly distorted by geologic factors, Rb usually varies 

between values of 3.0 and 5.0. This is further acknowledged by Strahler (1964) when he 

mentions that Rb ‘is characteristically between 3.0 and 5.0 in watersheds where 

geologic structure does not exercise a dominant influence on the drainage pattern.  

 

Arc View GIS is equipped with tools that can be employed to delineate drainage basins 

(catchments), rank streams and apply operations that can select feature data layers and 

analyse for geomorphologic parameters (and operations) such as drainage density, 

channel form, calculation of stream length and bifurcation ratio (De Bonis et al. 2002; 
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Doyle, http://pasture.ecn.purdue.edu/~engelb/agen526/projects/doyle/doyle.html). Arc 

View thus, enables the analysis of geomorphologic parameters that could be used to 

assess the amount of run-off and stream discharge, erosion and deposition at given 

points of a drainage basin (based on the quantity and intensity of rainfall and the 

mentioned geomorphologic characteristics).  

 
4.5   River Channel Form and Geologic Structure 
        as Factors of Erosion and Landslides 
 

Chansarkar (1982) points to the importance of geologic structure in the drainage 

patterns in young mountain systems by observing that ‘drainage courses are wide along 

drainage tectonic contacts but follow a gorge while crosscutting the structural trend.’ 

The importance of geologic structure in determining the pattern of surface drainage in 

volcanic areas is corroborated by Gyozo (2004) and other experts (as would be 

mentioned in ensuing sections of the present study). 

 

‘Bottlenecking’ (Chansarkar, 1982) refers to an alternate widening and narrowing of 

stream channels as a result of geologic and geomorphologic factors. For sections of a 

river valley that receive intense thunder storms, for example, the hydrostatic pressure 

increases dramatically at sections where the channel width is much reduced (Such river 

channel sections are referred to as ‘bottlenecks’). The valley walls thus give way (that is 

landslides occur) at places where the geologic material (lithology) has been weakened 

by intense weathering. Sections of river channels where ‘bottlenecks’ would occur can 

be located from aerial photographs and maps by observing for the following criteria: 

sudden change in the gradient of tributary stream; constriction at confluence point; 

weaker lithology in upstream portion; and landslides areas (slumping) in upstream 

portion (Chansarkar, 1982). Slumping (river bank-failure) is a natural result of river 

erosion and the presence of slump-prone clay deposits (Minnesota Geological Survey, 

2003). It has been observed for sections of river valleys in the Mount Cameroon area, 

with examples noted along the Ombe River (Fig 4.3) and the ‘Down Hill’ river in the 

Tole village area (Tambe-Ebot, 2003).  

 
4.7 Hydrogeologic Properties of Volcanic Rocks in Relation  
      to Landslides 
 
According to Ollier (1969), volcanic rocks and deposits are the most susceptible 

geologic specimens to chemical alteration. In the process, both ferromagnesian minerals 
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and feldspars are easily altered to clay minerals and iron oxides, with bases released in 

solution, and the ultimate product is a brown base-rich heavy soil. In wet conditions, the 

colour is red-brown with a slippery texture. The high proportion of clay produced can 

impede further drainage possibly causing reducing conditions to set in and so 

complicate the course of weathering’ (Ollier, 1969). This important hydrogeologic 

property of weathered scoriaceous (volcanic) flow and fall deposits that accounts for 

why they are most vulnerable to landslides has been corroborated by Masahiro (2002) 

(who upheld that vertical contrasts in permeability, particularly where permeable 

surface materials overlie impermeable materials that prohibit the downward infiltration 

of groundwater, concentrate the groundwater and become an important focus of 

landslides that are triggered by intense rainfall). The permeability of the scoriaceous 

deposits is more than it is the case in more compact or welded lava sheets. Therefore 

weathering, erosion and landslides are more active in the loose less resistant scoriaceous 

deposits than in the more resistant lava sheets. The slippage plane for the movement of 

material down slope (landslides) is either the interface between weathered saturated soil 

and weathered unsaturated soil, or the plane between weathered saturated soil and more 

consolidated lava layer. Deforested slopes composed of intensely weathered material 

from field studies are seen to be the most vulnerable sections of the ground. 

 

Similarly, Gwalani (1982) refers to basaltic lava-flows as a ‘multi-aquifer system’ 

because of their enormous water-storage potential, as ground water is confined to joints 

and fractures. Furthermore, because of the alternation of different volcanic deposits, the 

tendency is to find the water-bearing horizon confined between comparatively massive 

lava-flows (Gwalani, 1982).  

 

4.7 Slope 

Steep lands (slopes > 30%) comprise 34% of all land area in the tropics (Zaitchik and 

Van Es, 2003). Soil creep, for example, is an important mass wasting process on both 

steep and gentle slopes. The minimum required angle for creep is 8º (Knapp, 1986). 

Creep becomes a landslide when the inclination becomes too steep. For the eastern 

slope of Mount Cameroon, slope gradients for some sections of a topographic map with 

a scale of 1:50,000 were computed (Tambe-Ebot, 2003) using Bonvalot’s (1984) 

formula, given as: 

Sin θ  = x/y  × 100 
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Where, Sin θ is the slope gradient in %, x is the vertical interval in metres (m) and y is 

the distance or horizontal interval in metres (m). The gradient values (Table 4.2) range 

from 2.3 % to 44.1%. On the observed landslides-affected slopes of the Limbe 

municipal area, slope gradient values were found to vary between 35 to 80º (Ayonghe et 

al., 2004).  

 
Table 4.2 Mount Cameroon’s Eastern Slope Gradients 

 
SLOPE 

CATEGORY 
ALTITUDINAL 

RANGE 
(metres) 

SECTION 
COVERED 

CARDINAL 
LOCATION  

GRADIENT  

(%%%%) 
 

 
 

ZONE 

 
 

NATURE OF 
SLOPE 

A 
 
 

A1 
 
 
 

A2 
 

1,100-1,840 
 
 

1,840-3,300 
 
 
 

2,720-4,000 

Above Bova 1 
And Bova 2 
 
Above Bova 1 
And Bova 2 
 
 
Above Bova 1 
And Bova 2 

ENE (east north 
east) 
 
ENE (east north 
east) 
 
 
ENE (east north 
east) 

21.7 
 
 

42.9 
 
 
 

37.6 

Mountainous 
 
 

Mountainous 
 
 
 

Mountainous 

Steep 
 
 
Precipitous and 
undulating slope 
Precipitous and 
convex slope 

B 
 
 
 

B1 
 
 
 

           B2 
 

1,100-1,940 
 
 
 

1,940-3,500 
 
 
 

         2,900-4,000 

Buea through Hut 
1 to 1,940m 
 
Buea through Hut 
1 to 1,940m 
 
 
 
Buea through Hut 
1 to 1,940m 

E (east) 
 
 
 
E (east) 
 
 
 
E (east) 

24.7 
 
 
 

45.8 
 
 
 

        32.3 

Mountainous 
 
 
 

Mountainous 
 
 
 

    Mountainous 

Steep, slightly 
undulating 
 
Convex slope; 
towards vertical 
inclination 
(precipitous) 
 
Very steep 
(precipitous) 
undulating slope 

C 
 
 

C1 
 

1,100-1,880 
 
 

1,800-3,080 

Above Bwasa and 
Likombe 
 
Above Bwasa and 
Likombe 

West of eastern 
slope 
 
West of eastern 
slope 

22.9 
 
 

37.6 

Mountainous 
 
 
    Mountainous 

Steep 
 
 
Precipitous 

 
D 

 
1,700-3,200 

Through Hut 1 
and Hut 2 

 
E (east) 

 
44.1 

 
Mountainous 

Convex, 
precipitous 

 
E 

 
1,100-2,100 

 
Ekova Lava flow 

 
NE (north east) 

 
29 

 
Mountainous 

Steep concave 
slopes 

 
F 

 
20-100 

 
Likomba to Tiko 

ESE (east south 
east) 

 
2.3 

 
Low Relief 

 
Plain (gentle) 

 
 

G 

 
 

20-120 

 
Limbe to 
Bonadikombo 

 
South west of 
eastern slope 
(study area) 

 
 

2.9 

 
 

Low Relief 

Gentle, 
peneplain with 
jutting 
scoriaceous hills 

 
H 

 
740-1,140 

 
Soppo to Buea 

E (east): central 
axis of study 
area 

 
11.7 

 
Intermediate 

 
Concave, slope 

 
 
I 

 
 

100-400 

Between Mt. 
Dibanda and 
Mokota (above 
Limbe) 

Southwest of 
eastern slope 
(study area) 

 
 

8.8 

 
 

Low Relief 

 
Moderately 
steep 

 
J 

 
600-800 

 
Molyko to Bova 

E (east): Central 
axis of study 
area 

 
7.6 

 
Low Relief 

 
Moderately 
steep 

                                                            

(Source: Tambe-Ebot, 2003) 

 

The strong influence of slope gradient on landslides is pointed to by Salah et al. (2005) 

who observed that ‘the areas where slopes are steepest (closer topographic contour 
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lines) and where abrupt changes (jagged topographic contour lines), appear to correlate 

with high numbers of reported road failures.’ 

 
4.8 Climate 
 
The climate of Mount Cameroon generally belongs to the equatorial domain (Neba, 

1987). To be more specific, the region fits into the tropical rainy ‘A’ category of 

Koppen’s climate classification with a minimum temperature of 18ºC (Fraser et al. 

1998; Mount Cameroon Ecotourism Organisation, 2004). High temperatures generally 

obtain throughout the year with maximum monthly temperatures varying between 23-

25ºC. Rainfall is abundant, the highest amounts received on the sea-facing slopes of the 

south west and south east. Mean annual rainfall amounts for the entire region range 

from 10,000 mm in the coastal areas to about 1,700 mm for places to the north of the 

massif (Watts, 1994). Rain comes in the form of cloud bursts and intense lightning 

storms. It should be noted that Debundscha which is the second wettest place in the 

world is located on the southwest slope of Mount Cameroon. There are two seasons, 

namely, a dry season (from November to March) and a rainy season (from March to 

November).  

 

4.9 Vegetation 

Vegetation varies from dense equatorial forest on the lower slopes (0 – 1800m above 

sea level) through savanna (2000 – 2800m) to sub alpine vegetation (Mount Cameroon 

Ecotourism Organisation, 2004), lichens, mosses and bare surface at the summit region 

(2800 – 4095m). Much of the tracts of natural vegetation have been severely altered by 

lava-flows on the high elevation slopes and deforestation on the lower slopes through 

food cultivation and the construction of settlements.  

 

A detailed vegetation map (Fig 4.7) derived by analysis using remote sensing with 

ground (field) verification and floral survey data reveals that much of the land area (of 

the eastern slope of Mount Cameroon) is occupied by small farming systems and 

industrial plantations (Table 4.3). The total area coverage by plantations and croplands 

is 35.95% which is over one-third of the total vegetation coverage. 
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Fig 4.7 Amount of vegetation cover type and land use 

 

Source: LBZG/MCBCC 2002 (http://www.mcbcclimbe.org/mcv_map.shtml); 
(www.mcbcclimbe.org) (Limbe Botanical and Zoological Gardens working to become 

Mount Cameroon Biodiversity Conservation Centre) 
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Table 4.3 Key of Fig 4.7 – Amount of Vegetation Cover type and Land Use 
                                                                     

CODE DESCRIPTION HECTARES 

11 Mangrove forest 12,336 

12 Mudflats and sandbanks 123 

21 Permanently flooded forest 3,959 

22 Seasonally inundated grassland 473 

31 Coastal forest, seasonally inundated 4,366 

32 Coastal forest, lophira dominated 3,835 

33 Coastal forest, Oubanguia dominated 24,424 

34 Lowland forest, Medusandra dominated 12,089 

35 Lowland forest, many Caesalpiniaceae 2,282 

36 Discontinuous canopy lowland forest 6,953 

37 Open lowland forest and elephant bush 1,499 

38 Semi-deciduous lowland forest 16,773 

41 Sub-montane forest 1,541 

42 Open sub-montane forest 9,475 

43 Elephant bush with forest elements 18,544 

51 Forest regeneration on low to mid altitude lava-flows 2,132 

52 Colonisation on recent lava-flows at low altitude 3,308 

53 Colonisation on recent lava-flows at high altitude 1,438 

61 Montane cloud forest 15,870 

62 Montane scrub with Ericaceae 324 

63 Montane thicket in grassland areas 1,947 

71 Savannah with Borassus 2,102 

72 Montane grassland with stunted trees 5,379 

73 Sub-alpine grassland 2,697 

 

81 

 
Small farming systems with many remaining forest 

trees 

 

6,301 

 

82 

 
Small farming systems with few remaining forest 

trees 

 

38,236 

83 Small farming systems with open cropland 19,906 

84 Industrial plantations of oil palm 17,921 

85 Industrial plantations of rubber 5,673 

86 Industrial plantations of banana 708 

87 Industrial plantations of tea 375 

88 Industrial plantations of eucalyptus trees 281 

89 Industrial plantations of coconut, pepper, vocanga, 
cocoa 

29 

91 Bare rock, stones and gravel 5,427 

 

Source: LBZG/MCBCC 2002 (http://www.mcbcclimbe.org/mcv_map.shtml) 

 

4.10 Aspect 

‘Aspect refers to the direction which a slope faces, especially in the context of exposure 

or insolation. Aspect can be calculated by many GIS, and is usally expressed in degrees 

relative to North. For example North is 0 degress, and South is 180’ (AGI: 

http://www.geo.ed.ac.uk/agidexe/term?44). Aspect can be derived from a continuous 
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elevation surface. For example, the aspect recorded for a TIN (Triangulated Irregular 

Network) face is the steepest downslope direction of the face, and the aspect of a cell in 

a raster is the steepest downslope direction of a plane defined by the cell and its eight 

surrounding neighbors (ESRI Support Center: http://support.esri.com). 

 

In Mount Cameroon, the sea-facing south west and south east slopes experience the 

direct impact of the south west moisture-laden or monsoon winds. Consequently, much 

of the moisture these winds carry is released on these slopes upon ascent. Most of the 

north and northwest slopes in the rain shadow thus receive less rain than those of the 

south west and south east. Such conditions inevitably suggest more active fluvial 

erosion and landslides on the south east and south west slopes than for those parts in the 

north direction. 

 

4.11 Volcanism and Associated Seismic Phenomena  

(i) Volcanism:  

‘Geologic studies in West Africa indicate that Mount Cameroon is volcanically active. 

The volcanic eruptions occurred in the Upper Cretaceous, but the main eruptions 

occurred from the Tertiary down to modern times’ (Nama, 2000) and the last, in the 

year 2000. Tectonic and volcanic activities are usually preceded by earth tremours. 

These tremours have over time played an important role in the trigger of landslides. A 

careful assessment of the recorded eruption data (Table 4.4) for Mount Cameroon, for 

example, reveals that eruptive activity is not necessarily a function of the duration of 

rest from a previous activity.  According to Dumort (1968), the volcanism of Mount 

Cameroon dates back to the Eocene, some 60 million years ago.              

             
Table 4.4 Eruption History of Mount Cameroon 

 
Period Years of Eruption 

19th 
Century 

1815, 1835, 1838, 1852, 1865, 1866, 1868 

20th 
Century 

1909, 1922, 1954,1959, 1982, 1999 

21st 
Century 

2000 

 
(Source: Tambe-Ebot, 2003) 

 

Other scientists (Kadomura, 1977) consider that the activity, characterised by the 

emission of basaltic tuff commenced either in the Tertiary or Upper Cretaceous period. 
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However, it was only from the 20th Century that documented records of eruptions 

became available. The eruptions have generally been characterised by lava-flows and 

the emission of pyroclastic material. Periods of quiescence (Table 4.5.), are periods of 

rest or dormancy (when the volcano is not erupting) between successive eruptions and 

these range from 1 to 41 years.  This therefore indicates that it would not be safe enough 

to considerably rely on scientific predictions based just on the duration of rest from a 

previous activity. The quite frequent seismic events and movements of the earth’s crust 

in volcanic environments do not only result in fractures for portions of the crust but may 

also be important an trigger mechanism for the landslides that have been the case in the 

study area. 

                          
Table 4.5 Periods of Quiescence for Mount Cameroon 

 
Year(s) of 
Activity 

1815-1835 

Period(s) of 
Quiescence 

20 
1835-1838 3 
1838-1852 14 
1852-1865 13 
1865-1866 1 
1866-1868 2 
1868-1909 41 
1909-1922 13 
1922-1954 32 
1954-1959 5 
1959-1982 23 
1982-1999 17 
1999-2000 1 

 
(Source: Tambe-Ebot, 2003) 

 

The importance of volcanism (as it impacts upon landslides occurrence) is reflected in 

the relationship between seismic activity (alongside volcanism) and geologic structure. 

The pattern of crustal fissures from seismic activity (coupled with intense weathering of 

the rocks and abundant rainfall) has inevitably been an important trigger factor in 

landslides. The role of geologic structure has definitely been significant in the 

distribution of landslides (Ayonghe et al. 1999) as it has been illustrated to have a 

connection with the orientation of scoriaceous cones along geologic structural lines of 

weakness (Nama, 2000, Tambe-Ebot, 2003). A terrain model by Nama (2000) also 

suggests the influence of geologic structure (in this case, the influence of faults and 

fissures in the distribution of landforms). Furthermore, a quadrat analysis conducted for 
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the northeast section of Mount Cameroon (Tambe-Ebot, 2003) showed that the 

calculated chi-square value (x² calculated) (of 70.89) was greater than the critical value 

(x²-critical) (14.06) at the 0.05 level of significance.  This suggested that geologic 

structure definitely remains an important factor. If geologic lineaments (faults, joints, 

fractures/fissures) have been important in explaining the pattern and distribution of 

landforms on the ground, this may also have a strong implication on the distribution of 

landslides.  

 

ii)  Seismic Activity 

Tectonism (movements of portions of the earth’s crust by forces acting from the mantle) 

and the quite frequent gentle to intense earth tremours they generate for parts of Mount 

Cameroon are clear indicators that the CVL in general is still tectonically and 

volcanically active (Ayonghe et al., 1999). In Mount Cameroon, prior to volcanic 

eruptions, there is often a period of mild to intense earthquakes (or tremours) recorded 

from epicenters within the volcano (Nama, 2000). Tectonic and seismic activities cause 

portions of the earth’s crust to snap or break up resulting in crustal fractures (or 

fissures).   

 

Studies of individual seismic events and analysis of the historical earthquake record 

have shown that large earthquakes can generate tens of thousands of landslides over 

thousands of square kilometers, dislodging as much as several cubic meters of  material 

from slopes (Keefer, 1994). Consequently, earthquakes have been regarded as an 

important trigger factor for landslides (Panikkar & Subramanyan, 1996; Ayonghe et al., 

1999). In the 1999 Mount Cameroon eruption, strong earthquakes affected parts of the 

Buea urban municipality, resulting in the destruction of approximately 41 buildings. 

 

In GIS analysis, earthquake point data reflecting the ground positions and records of 

regional seismographs would constitute an important layer when integrated with a layer 

which shows the spatial distribution of landslides. The theme would be a point map 

which shows the spatial distribution of points (seismic record points) with given 

earthquake magnitudes. 

 

4.12 Human Activity and Land Cover 

A qualitative evaluation was done for the following geographic and environmental 

raster data layers: population density, photosynthetic activity, global land cover, current 
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forest distribution and non-forest tropical ecosystem. The objective was to relate how 

important these human and physical environment indicators may relate to the currently 

observed slope instability processes in Mount Cameroon. The data were accessed from 

a system of interactive maps (IMAPS) jointly published by the United Nations 

Environment Program (UNEP) and the World Conservation Monitoring Centre 

(WCMC). The user-friendly system enabled pin-point zooming and selection of the 

Mount Cameroon area from the World Biodiversity Map. The respective data layers 

were easy to access and display.   

 

Deforestation, crop cultivation and urbanization are among the land uses (in Mount 

Cameroon) that have had enhanced the instability of slopes as well as the effectiveness 

of drainage channel erosion and alteration. In a study on the human impact on mountain 

streams, Wohl (2006) summarizes the human effects (namely, flow regulation, biotic 

integrity, water pollution, channel alteration and land use) and concludes that ‘very few 

mountains have streams not at least moderately affected by land use’. The population 

density images (Figs 4.8 & 4.9) generally give values which fall between the points of 

low and high population density. The global density values around the Mount 

Cameroon Region fall midway between low and high density as indicated by the red 

colour tone and scale.  

 

Fig 4.8 Global Population Density Distribution 
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Fig 4.9 Population Density Raster of Mount Cameroon Area 

 

 

 

 

Given the presence of fertile soils for agriculture, construction of settlements and other 

aspects of human activity and deforestation, the lower slopes of Mount Cameroon have 

therefore been subject to significant human pressure, enhancing gully erosion and 

landslides. Figure (4.10) shows the settlements and road network for the region. 

 

Fig 4.10 Settlements Road Network in Mount Cameroon 

 

(Source: Adapted from the Map of Buea-Douala (1979), NGI Yaounde) 
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Field observations for the causes of landslides for recently affected parts of Mount 

Cameroon have indicated that most landslides occurred where slopes had been 

overburdened or disturbed by some form of human activity (agriculture/urbanization). 

According to Lambi and Fogwe (2001), ‘a contemporary city growth and urbanization 

phenomena in Cameroon is one in which a number of natural and anthropic catastrophes 

and geo-risks plague the development process’. The stability of natural slopes which are 

modified by man should remain the preoccupation of engineers because post-

construction movement could have both expensive and catastrophic consequences 

(Lambi, 1998). In addition, Knapen et al. (2005) have acknowledged the significance of 

human influence in the occurrence of landslides when they noted that growing 

population density not only increases the risk on damage, but hampers the search for 

solutions for the landslide problem as well. ‘Apart from steep slopes, high rainfall, 

typical soil properties and stratification’, the problem is coupled with ‘deforestation and 

the excavation of slopes mainly for house building’ (Knapen et al., 2005). 

 
The land cover distribution (Figs 4.11 & 4.12) constitutes 13 classes. The layer was 

derived from AVHRR remote sensing data (by the University of Maryland). In this 

layer, the dominant land cover is wooded grassland, followed by broadleaf forest cover. 

The view suggests the progressive degradation of natural forest cover to woodland and 

grassland possibly by lava-flows and human activity.  

 

Fig 4.11 Global Land Cover 
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Fig 4.12 Land Cover Raster Image of Mount Cameroon Area 

 

 

 

 

Similar to the observation portrayed in the Land Cover map, the forest distribution 

coverage (Figs 4.13 & 4.14) shows the present remnants of pristine tropical vegetation 

in small patches.  

Fig 4.13 Global Forest Distribution 
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Fig 4.14 Forest Distribution Raster Image in Mount Cameroon Area 

 

 

 

 

 

The forest distribution image also seems to suggest that there has been progressive 

deforestation by both natural and human activities. The image on photosynthetic 

activity (Figs 4.15 & 4.16) generally reflects high chlorophyll density from the 

graduated colour scale.  

 

Fig 4.15 Global Photosynthetic Activity (Chlorophyll Density) 
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Fig 4.16 Chlorophyll Density Raster Image over Mount Cameroon 

 

 

 

 

The high chlorophyll density is also consistent with the humid nature (which indicates 

the high vegetation density) of the region, more so because the data have been measured 

and presented on a global scale.  

 

The overall visual presentation of the human density and land cover images suggests 

that there is on-going significant deforestation by natural and human processes in 

Mount Cameroon. It is also evident that the moisture content of the environment is high. 

These indicators (deforestation and high moisture content) are some of the important 

preconditions for slope instability and landslides.  

 

However, a major limitation obtains with the raster data regarding its suitability for the 

present study. This is because the maps have been presented on a global scale. The fact 

that global density calculation means a big spread radius and much generalization (than 

would have been for regional or small scales) may explain why some important land 

uses (suitable for the present study) either do not appear or are not well represented in 

the zoomed-in regional raster images (for the study area). These include agriculture 

(plantation and food crop farming) and built-up areas. This also brings out the need to 

collect and process present specific relevant data and map layers for the study area. 
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CHAPTER FIVE: DATA PRESENTATION AND EVALUATION 
 
 
5.1 Environmental Process data, GIS Data Layers and Material for 
Landslides Analysis Specific to the Study Area 
 
The following data layers will be important in making clearer the objectives of the 

present paper: landslides distribution map, geomorphic processes (soil erosion map), 

elevation data, slope data, surface geology (lithology), geologic structure map, geo-

hydrology map (lava tunnel and probable subsurface drainage channels), rainfall 

amount and distribution, drainage map (including bifurcation ratio values for sections of 

tributary streams and main rivers or catchments), seismic magnitude distribution 

(readings for different places presented in the form of classes over defined periods), 

aspect, vegetation, land use and anthropogenic activity. Geologic studies for the 

distribution of faults, joints and fissures should, where possible, take into account the 

occurrence of underground voids and elongated tubes (lava tunnels), which are also 

important in ground or slope stability studies. In addition, other data for useful 

inferences will include borehole data for depths assessment of intensely weathered 

volcanic deposits, fluctuations in ground water levels and physiographic (landforms) 

data.  

 

5.2 Data Sources and Acquisition 

The relevant data and their methods of acquisition have been summarized in Table 5.1 

(next page). Remote sensing (involving the use of scanning systems, GPS 

[Geographical Positioning Systems] etc.) and aerial photographs are used to both obtain 

and observe data and landforms, including data for geomorphological events such as 

landslides (and others - floods and volcanic eruptions) (Rennard, 2001). Given that 

aerial photographs enable an overhead view of a landscape and its landforms (including 

other features), they can be very useful for monitoring natural environmental changes.  

 

Landsat’s TM imagery also provides a means to distinguish types of ground surfaces in 

land cover analysis. Bands 3 and 4 are widely employed to differentiate vegetation 

categories while band 5 combined with band 4 are more widely used to enhance 

exposed soil and geologic features. Ratios of these bands have been used to help 

separate vegetative from non-vegetative reflectance and to guide the classification of 

soil and geology (Costick, 1996).  
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Table 5.1 Data for Landslides Analysis and Method/Source of Data Acquisition 

DATA TYPES/LAYERS  DATA COLLECTION METHODS  

Geomorphological units (landforms) 
map 

Air photograph interpretation and field studies 

 
Recent landslides map 

Air photograph interpretation, field studies and 
thermal infra-red 

 
Old Landslides map 

Air Photograph interpretation, study of landslides 
records from different information sources 

Topography (Digital Elevation Model - 
DEM) map 

Collection of different elevations, photogrammetry 
methods with Air photographs 

 
Slope distribution or classification map 

 
Derived from DEM 

 
Slope breaks, faults and fissure 

(lineaments) map 

 
Air photograph interpretation, satellite imagery and 
field studies 

 
Seismic intensity distribution map 

Seismograph readings for given locations, magnitude 
and intensity can be deduced from the extent of 
damaged buildings 

Rainfall amounts and intensity map Data from weather stations 
Drainage map Air photograph interpretation and topographic maps 

Aspect (slope direction map) Derived from a DEM 
 

Lithology (lava, scoria and volcanic 
mudflow deposits) 

Verification of existing geologic and soil survey 
maps, or by mapping (if there is no information) 
using air photos, satellite images and field studies 

Land-use, Land surface and vegetation 
cover map 

Air photograph interpretation 

 

(Source: Author’s work) 

 

The Normalized Difference Vegetation Index (NDVI) is a ratio used to identify 

vegetation zones that have undergone some alteration by human activity. It is defined as 

follows:  the near-infrared (NIR) band (band 4) minus the red band (band 3), divided by 

the sum of the NIR + red. When displayed in the form of a histogram, the values of 

NDVI for a given scene enable the green reflectance of pristine vegetation to be 

separated from non-green reflectance. In a raster model, therefore, cells having no 

vegetation green reflectance are considered to be exposed ground.  

 

‘The Normalized Difference Soil index (NDSI ratio = band 5/4) helps by considering 

cells below a given range (20, for ex) as bare soil or rock. When the two ratios (NDVI 

and NDSI) are combined, the NDVI cells greater than 20 and the NDSI cells less than 

25 equate to a transition where bare ground or rock is likely to have dry grass or logging 

slash present (Costick, 1996). The NDSI can also be obtained by the following 

operation (as in Masayuki & Hiroto, 2003): NDSI = (SWIR – NIR) / (SWIR + NIR), 

where, SWIR stands for short wave infrared. The variations in pigmentation and 
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reflectance are assigned different values and these are seen in ArcInfo as different 

colours. 

 

5.3 Specific Data Combination for Landslides Vulnerability Assessment  

If the method conceptualized and presented in this study were practically applied, it 

remains obvious that some factors will be stronger than others. Geologic conditions and 

slope gradient constitute the factors or ‘intrinsic variables’ (Huabin et al., 2005) that 

determine the stability of slopes. ‘Extrinsic factors’ (Huabin et al., 2005) on the other 

hand are all environmental and anthropogenic conditions that disturb the original 

internal properties of geologic material and slopes rendering them susceptible to failure. 

Extrinsic factors also include the major trigger factors (rainfall, seismic phenomena and 

human activity). To derive a slope stability assessment map (Fig 5.1) and a geo-

physiographic impact assessment map (Fig 5.2), this study recommends the following 

thematic combinations: 

 
Surface + lineament theme + geomorphic + slope classes = ground / slope stability assessment ………(1)      
geology                                      process 
 
Ground/slope stability assessment + landslides theme = geo-structural impact output ………….,……...(2)            

                   

Fig 5.1 Thematic Overlay for Slope Stability Assessment 

 

(Source: Author’s work) 

 
Fig 5.2 Thematic Overlay and Output for Geologic and physiographic Landslides 

Impact Assessment 
 

 

(Source: Author’s work) 

Surface geology (lithology) 

lineaments 

Slope gradient classes 

 
Slope stability assessment 

 

Geomorphic process 
(erosion &landslides) 

Slope stability 
assessment 

 
Geo-physiographic impact /output 
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Overlaying the themes in the stages presented above will constitute the basis upon 

which to derive a composite layer (map) that gives an idea on the extent of the impact of 

the geo-structural (all geologic conditions and slope gradient classes /physiography) 

control on landslides. The geo-physiographic layer will show areas of active erosion and 

the distribution of landslides on the different lithologic units as well as the extent of the 

control of structural lines of weakness. Superimposing many thematic layers at the same 

time may lead to a cluttered or an ‘untidy’ output (that is, a composite map with too 

many attributes from a combination of the many layers will make it difficult for one to 

visualize clearly the relationships between the themes in point).  

 

Following this methodology therefore, the impact of any factor regarding landslides 

occurrence can be verified by overlaying it upon the geomorphic processes and 

landslides distribution theme. Combining different thematic layers (rainfall, seismic 

activity, drainage and anthropogenic activity) for slope stability factors investigation 

(that is, each one in turn with a landslides distribution theme) will make it easy 

appreciate which factors would have had a major role to play for given areas.  Assigning 

weights to given classes for each theme would be based on the number of landslides that 

occur in a given class. For example, slope classes with the most number of landslides 

would be given the highest rank and those with the least number would be given the 

lowest order.  Statistical analysis to determine what percentage of a theme is having the 

greatest number of landslides is enabled by a cross-tab process (Meija-Navarro et al., 

1994). A cross-tab operation summarizes points where attributes of themes to be 

overlaid occur in a common geo-referenced point. For example, if one cross-tabs the 

surface geology theme and a slope gradient theme, a table will result which shows how 

frequent every surface geology type coincides or occurs with every slope type or class. 

However, it will be important to get a little more detail about data reclassification and 

the cross-tabulation operation. 

 

5.3.1 Reclassifying Map layers (Themes)  

The illustration of this operation is based on the work of Berry (1993). In GIS, 

reclassification means rearrangement of existing values and this can be done based on 

pre-registered values which give the spatial arrangement of attribute types or classes 

contained in different themes. In the case of a surface geology theme (in relation to age 

of rock type and observed extent of weathering) for Mount Cameroon, the following 

main thematic categories obtain: relatively young scoria hill slopes, old scoria hill 
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slopes, lahars (mudflows) and lava sheets. These different categories may be stored with 

assigned corresponding theme values namely, 1, 2, 3 and 4, respectively. When 

displayed, the categories may be represented as different shades, or colours, such as 

brick red (1), light red (2), pink (3) and purple (4).  We may be interested, for example, 

to find out whether old scoria deposits that constitute some slopes have had a strong 

influence on the occurrence of landslides. The postulation is that areas geo-referenced 

for old volcanic features (scoria deposits) are considered to be generally more 

susceptible to landslides than young fresh deposits and the more consolidated lava-

sheets. Since we are interested in old scoria deposits, we would generate a new layer 

(map) which shows only old scoria hill slopes by assigning a zero to the other categories 

of our surface geology theme. We may also want to find out about the vulnerability of 

slopes (susceptibility and extent of landslides occurrence) and erosion extent on all the 

identified geologic units in order to facilitate decision-making for sustainable land-use 

planning. Generating different layers from reclassification will also depend on the 

specific objective of any on-going project. 

 

5.3.2. Determining Landslides Vulnerability (The SGI Survey Mapping Method) 

Landslides management zones (LMZ) represent regions susceptible to slope instability 

that would set the basis prior to the issue of development permits (Earth Consultants 

International, 2000). A good and recent case in point, for example, is presented in 

Sweden, where a method for gully and slope stability study and mapping has been 

developed by the Swedish Geologic Institute (SGI, 2006). The data was collected from 

a helicopter flying at about 150m from the ground by laser scanning, multi-spectral 

reflectance and digital earth map technology. The study was carried out for slopes along 

the Göta River. In the model, ArcGIS was used to classify the ground into three stability 

zones. Zone 1 is red on the map and these are slopes with much clay, mud and silt 

content. Zone 2 (yellow) is gentler while Zone 3 (green) is solid ground.  

 

Furthermore, the ‘survey mapping method’ (International Congress / Interpraevent 

2004) developed by the Swedish Geotechnical Institute in co-operation with Chalmers 

University to investigate the stability circumstances in gullies and slopes in till and 

coarse-grained  soils in Sweden. The objective is to investigate areas with preconditions 

for landslides and /or debris flows and to present these areas in four classes. The 

selection and survey of areas is done in municipal or urbanised environments and the 

prerequisites (factors or parameters) are based on geologic factors, topographic 



 77 

conditions and the knowledge, history or data on the occurrence of earlier landslides or 

related incidents. In the model, all areas with preconditions for landslides are evaluated 

and mapped in two stages. The first stage constitutes survey and mapping of the soil 

conditions, topography and hydrology, vegetation condition, indications or legacies of 

past events such as erosion, alluvial fan, landslide), anthropogenic factors/impact and 

preventive measures already in place. 

 

In the second stage of the model and evaluation is done for the stability conditions in 

gullies and slopes. The parameters analysed are presented in a table. The classification 

of the necessity for thorough investigation is on the basis of both measured and 

calculated factors and ‘a relative method where the need for investigation is based on a 

comparison with earlier events’ (International Congress / Interpraevent 2004).  

The stages are presented in Tables 5.2 and 5.3. 

 
Table 5.2. Parameters evaluated in Stage 1  

 
Mapping 
Condition 

Elements to be mapped and calculated 

Landslide - open 
slope 

Height of slope, slope length, inclination (mean and max), soil 
type, groundwater conditions, density, safety factor 

Topographical 
conditions - 
gully 

Height difference, length, inclination, width, stability of side 
slope, gully erosion 

Hydrological 
conditions - 
gully 

Size of catchment area, brook, groundwater erosion, drainage, 
risk for damming 

Soil and rock 
conditions - 
gully 

Soil type, bare rock, presence of talus and boulder, amount of 
loose sediments, length of soil cover 

Field conditions Vegetation type, vegetation cover, road, culvert, ski pist 
Earlier events Debris  flow, landslide, erosion, alluvial fan, levees, debris 

cone, large water flows 
Preventive 
measures 

Presence, function, maintenance 

 
(Source: International Congress / Interpraevent 2004) 

 
Table 5.3. Classification of the necessity for thorough investigation 

 
Judgement 

class 
Need for investigation 

1 Urgent need for detailed investigation 
2 Need for detailed investigation 
3 No need for detailed investigation 
4 No need for detailed investigation and 

no need for observation under 
prevailing conditions 

 
(Source: International Congress / Interpraevent 2004) 
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The present study has related to the SGI model with the objective of validating more the 

necessity related to the investigation, presentation and analysis of the prevailing 

environmental factors for landslides in Mount Cameroon (as presented in this paper).  

The method can be considerably applied in different geographic regions. However, 

there is a limitation in that the types and amount of geologic and physiographic data 

would vary geographically and would impact differently on the results. The importance 

to evaluate the degree of weathering by studying the depths of the clayey mantle on 

slopes of volcanic hills has been discussed and illustrated in a previous study (Tambe-

Ebot, 2003) on the Mount Cameroon area.  

 

Raster analysis ensures easy and more reliable results once all datasets to be combined 

have been appropriately reclassified and the weights assigned. To calculate the risk of 

landslides for slope segments or surface geology, for example, it is safe to consider that 

steep slopes are more vulnerable than gentle slopes. To reclassify slopes, we can divide 

the slopes theme into three classes namely, 0 - 8º, 9 - 17º and 18 - 25º, and weight 

(name) them as 1, 2 and 3 respectively (The steepest slopes are given the biggest 

weight). We then click on Spatial Analyst, next Reclassify and then enter the values 

(weights). The procedure applies the same for themes such as surface geology and land 

use. It should however be noted that all the reclassified raster layers should have the 

same number of classes with landslides risk for each class represented by assigned 

weights from 1 – 3.  

 

To derive a risk map between slope, surface geology and land use, it means we combine 

the raster layers. The procedure begins by clicking on Spatial Analyst and then Raster 

Calculator. The three factors will all be considered to be of equal importance in 

landslides occurrence. We then continue by double-clicking on one raster theme and 

then the addition operation ‘+’  (plus sign), then the next raster theme. The addition 

operation is done such that all three themes are added (combined). After the addition 

operation is over (after adding the last raster), we click on Evaluate. The composite 

(resulting) layer would be a landslides risk evaluation raster. For such an output, the 

more intense the colour, (or the greater the combined weight number assigned for an 

area), the greater the landslides risk for such an area. Figure 5.3 summarizes and 

presents the fundamental factors analysis framework recommended (in the present 

paper) for landslides analysis in Mount Cameroon.   
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Fig 5.3 Diagrammatic Illustration of the Theoretical Framework for Landslides 
Analysis in Mount Cameroon 

 
 

 
 
 
 

 

 

 

 

 

          Source: Author’s work 
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CHAPTER SIX: DISCUSSION AND CONCLUSION  

.  

6.1 DISCUSSION 

The factors, methods and aspects discussed in this study relate to the geomorphologic 

implication for landslides occurrence and analysis in Mount Cameroon and its 

surroundings. In other words, all environmental aspects and issues considered in this 

work gravitate around the impact of the corresponding factors on the slopes and 

consequent landforms in Mount Cameroon. Studies of landslides in mountainous 

regions are much facilitated when GIS is used to overlay a landslides distribution map 

on respective maps of possible trigger factors. Salah et al. (2005) employed ArcGIS in 

one such study and obtained results which showed that steep slope, faults, sandy clayey 

soil and rainfall distribution individually had significant impact on landslides 

occurrence.  

 

Statistical analysis of landslides using GIS bases on how the occurrence of landslides 

coincides with given environmental factors for the same location in a landslides 

distribution map and an environmental factor map of an area. Integrating 

geomorphologic methods and GIS for factors analysis in landslides assessment in 

Mount Cameroon would be cheaper in terms of costs of assessing the impact of 

associated factors, if the data and software were available. As for studies regarding the 

causes of landslides, the use of aerial photographs, satellite images and DEMs will 

enable more detailed geomorphological interpretation of landform types, patterns and 

distribution as well as an enhanced understanding of the processes that render slopes 

less stable in densely vegetated and topographically inaccessible areas.   

 

According to Cooke and Doornkamp (1990), the contribution of geomorphology to the 

study of slope failure is in recognition with how landslides occurred, what caused the 

slope failures and where else failures could occur. This implies a geomorphologist must 

study past and recent landslides and the fundamental causes. Apart from the 

geomorphologic perspectives presented in this paper, the statistical analysis approach 

using GIS to weight and evaluate different factors is just a method that would enable 

studies in prospective projects as simple as possible. Such studies and their results 

would constitute the basis for which decisions concerned with sustainable land-use 

planning are reached.  
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It is however not easy to derive environmental data (from direct field studies) for 

analysis of geomorphic processes in the humid tropical regions mainly because of the 

dense vegetation and limited rock exposures. An effective generation of data for studies 

concerned with landslides (and other environmental issues), would imply the extensive 

use of aerial photographs for preparatory regional studies and maps of drainage patterns, 

landforms, stratigraphy and geologic structure. With the landslides in Mount Cameroon, 

prospective studies are faced with an enormous task particularly when we consider the 

diversity, dynamic nature and intensity of the physical processes that give the regions 

along the CVL the keen scientific attention that seems to be the case at the moment. The 

fact that Mount Cameroon has been and still is an active volcano implies that tectonism 

and seismic phenomena are rendering the basaltic rocks and geologic sections even 

more vulnerable to denudation processes (weathering and erosion) which alter the 

chemical composition of the rocks, decomposing them and leaving them loose and risky 

for any forms of human activity in high-energy areas.   

 

Studies of young mountain systems have shown that ‘slope stability is controlled by 

lithotectonic and geomorphic factors and its study at various scales is related with 

geological hazards’ (Chansarkar, 1982). Morphological analysis of landforms will result 

in more accurate decisions relating to the nature of geologic features in slope stability 

studies. Investigating for other important aspects such as hydrology, climate, geo-

hydrologic properties of basaltic lavas, lahars, scoria and anthropogenic impact requires 

that any analytical method employed for slope stability studies must be consistent with 

direct verification and interpretation of the stratigraphic geologic sections, borehole data 

and landforms on the ground. 

  

Adequate studies of geologic structure (lithology and lineaments) with reference to 

landslides in Mount Cameroon should be given absolute priority as previous studies 

within and around the region have shown that geologic structure is a dominant 

controlling factor in the development of landforms (volcanic cones, gullies, valleys and 

their development). However, apart from the challenging task to collect data pertaining 

the fundamental characteristics of the weathered scoriaceous slopes (given the dense 

vegetation cover), the costs to provide and set up the needed equipment and resources 

may be another limiting factor. Studying and mapping some features such as lava tubes 

and underground drainage channels for example, will entail the utilization of 

sophisticated geophysical methods that may be costly in terms of provision, application 
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and maintenance. It is, therefore because of these technical and costs constraints that 

this paper has emphasized more on the importance of map analysis and ground expertise 

in landforms and geomorphic processes interpretation as useful tools in mapping 

geologic units and characteristics for ground stability evaluation. These tools are 

important when generating the relevant thematic layers from aerial photographs, surface 

hydrology maps, vegetation cover, topographic maps and DEMs. An altitudinal 

zonation map and a slope classification map, for example, would give a rough idea of 

the degree of erosion that can be accomplished on the slopes.  

 

Fluvial geomorphologic studies on their part will enhance the interpretation of drainage 

patterns, particularly in terms of their relation to other environmental factors and the 

incidence of landslides for sections of their valley walls (Gyozo, 2004). Consistent with 

this view is the observation of Snelder and Biggs (2002), who discussed elaborately on 

a GIS that could be applied to investigations concerned with stream ordering and other 

applications to evaluate the processes in river systems.  This method may be relevant in 

the study of landslides because the frequency of landslides on river valley walls in a 

drainage basin is much dependent on how well the river channels drain the water that 

runs in them. This therefore gives importance to the geomorphologic aspects (drainage 

density, that is, the total length of all river channels in a catchment and channel form) of 

drainage basins and river channels and how these affect valley erosion and landslides. 

However, the level of erosion and frequency of landslides along river basin walls 

depends also on the chemical composition (that also determines the resistance to 

weathering and erosion) of the geologic material, presence of joints, fractures and 

intensity of rainfall.  

 

According to Snelder and Biggs (2002), River Environment Classification (REC) is a 

new system for classifying river environments that is based on climate, topography, 

geology, and land cover factors that control spatial patterns in river ecosystems. REC 

builds on existing principles for environmental regionalization and introduces three 

specific additions to the "ecoregion" approach. First, the REC assumes that ecological 

patterns are dependent on a range of factors and associated landscape scale processes, 

some of which may show significant variation within an ecoregion. REC arranges the 

controlling factors in a hierarchy with each level defining the cause of ecological 

variation at a given characteristic scale. Second, REC assumes that ecological 

characteristics of rivers are responses to fluvial (hydrological and hydraulic) processes. 
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Consequently, REC uses a network of channels and associated watersheds to classify 

specific sections of a river. Such classification will enable the generation of a layer for 

drainage bifurcation ratio. But first it would be necessary to delineate the study area into 

sub-catchments and assign orders to the streams before calculating the bifurcation ratio 

values.  

 

Doyle (http://pasture.ecn.purdue.edu/~abe526/resources1/projects/doyle/doyle.html) 

used the GIS tool ‘HYDRO’ add-on in ArcView for watershed analysis. The tool can 

delineate sub-catchments (watersheds), locate stream networks and employ GIS analysis 

with the use of a DEM as an input. In the work, respective values for geomorphologic 

parameters (such as stream order/rank, length and drainage areas) were assigned directly 

on the maps (a map showing one parameter). In the analysis he (Doyle) calculated the 

bifurcation ratio for the streams of each sub-catchment. In the same way, we can assign 

the bifurcation ratio values directly on drainage map and turn it on as a separate theme 

in a GIS project view. Since these values (for bifurcation ratio, Rb) might also indicate 

the extent of erosion in river channels, the objective would be to find out how well 

landslides (displayed as a separate theme) over the entire Mount Cameroon catchment 

would correspond and relate with these Rb values.    

 

Detailed studies of drainage networks can therefore provide data that would enable the 

derivation of the appropriate layers all of which would be superimposed on a landslides 

distribution layer, to find out the impact of drainage. The output of such an overlay 

(drainage pattern and landslides) would as well be verified with the layers of lithology 

and structure (lineaments).   

 

Studies have as well indicated that deforested areas (from aerial photographs) on steep 

slopes with intensely weathered soil would definitely correspond to areas of high run-

off, soil erosion and landslides. This assumption can equally be the basis for deriving a 

geomorphic process map which shows areas of high erosion and perhaps landslides.  

 

In a nutshell, however, the factors of geology (extent of weathering in basaltic lava 

sheets and pyroclastic deposits, degree of fractures and jointing, voids and lava tunnels), 

drainage channel morphology (valley or channel form such as constriction at given 

sections/’bottlenecks’ and slope gradient), intensity of rainfall and human activity need 

to be evaluated (through the methodology presented in this study), perhaps each factor 
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in turn, to know how far each one has had an influence in the observed landslides for 

given areas.  It should as well be noted that available human resources may still be far 

from the required expertise to analyze for sub-geologic (underground geology) and 

hydrogeologic conditions using GIS (as current GIS technology is still largely unable to 

model sub-geologic and sub-hydrologic features). 

 

6.2 CONCLUSION 

All factors and issues discussed and illustrated in this study gravitate around their 

impact on landforms development and how these relate to the trigger of landslides in 

Mount Cameroon. The method presented in this paper is one in which all possible 

factors for landslides occurrence are given the same weight before any investigation is 

conducted to find out which ones are more effective in given environmental settings. 

This is because different factors may be more active than others in different geographic 

regions. While the study has drawn much from the writer’s previous findings and 

knowledge on the surface processes and environment of Mount Cameroon, much has 

also been contributed from the studies and findings for landslides in other geographic 

regions. In addition, exploitation of consulted literature was intended to find out about a 

suitable method using GIS that can be applied for a regional analysis of landslides in the 

hazard-prone sectors of human occupancy in Mount Cameroon. Consistent with the 

incidence of landslides and the proposed methodology for landslides evaluation for 

safety and sustainable land-use planning in Mount Cameroon, this study concludes as 

follows: 

 

Present and prospective studies for the incidence of landslides in Mount Cameroon 

should adopt an integrated approach where derived data from the structural analysis of 

landforms and observed (field) data from the incidence of related geologic and 

environmental phenomena (volcanism, seismic activity, weathering, erosion, 

deforestation and landslides) should constitute the database of a GIS needed to 

investigate the causes of landslides. This approach is important in landslides hazard 

evaluation and the implementation of sustainable land-use practices and regulations. As 

this paper is only a theoretical framework, it would be necessary to carry out a practical 

analysis (based on the method presented in this study) when there is adequate data, 

material and human resources. 
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The presence of fractures and fissures in basalts and large vesicles in scoriaceous 

material enhances infiltration of surface water. The strato-volcanic characteristic of 

most geologic sections implies an alternating sequence of lava-sheets (flows) and 

scoriaceous material. On steep terrains landslides occur in sections of profiles where 

layers of loose weathered material or regolith lie on more compact lava-sheets and 

bedrock. Geologic structure, therefore, remains an overwhelming factor that could be 

used to account for the incidence of landslides. The geologic attributes have to be 

appropriately georeferenced and presented in digital maps.  

 

In the event of attempting to evaluate the extent of earthquakes as an important 

landslides trigger factor (apart from rainfall and human activity), this study recommends 

the regular collection of seismic records from seismographs systemically set up and 

distributed over the entire area. Such data would constitute an important layer for GIS 

when integrated with a layer which shows the spatial distribution of landslides. The 

theme would be a point map which shows the spatial distribution of points (seismic 

record points) with given earthquake magnitudes. 

 

The impact of other-mentioned factors on landslides occurrence is enabled through pre-

existing lineaments and also by the creation of more structural weaknesses (lineaments) 

by tectonism and seismic activity. This is accomplished through surface water 

infiltration, material alteration (weathering) and erosion through joints, fractures, lava 

tubes and collapsed roofs of tubes (tunnels). Through-flow (subterranean flow, 

underground or subsurface drainage course consistent with the inclination of the slope), 

may be enhanced by the presence of underground tunnels (lava tubes) and at the 

interface between different lava-flows and volcanic mudflow deposits. Mudflows with 

different properties of soil or rock texture and extents of chemical alteration may 

facilitate chemical alteration, weakening and erosion of the soil and rock layers below 

(that is, the layers beneath the slope/ground surface). These geo-hydrologic processes 

and properties would thus render overlying slope surfaces unstable. 

 

Geologic structures (lineaments faults fractures or fissures) and lithologic types can be 

identified from DEMs, aerial photographs and satellite imagery. In maps of hydrology, 

geomorphology and vegetation cover, lineaments can be indicated by the geometric 

arrangement of corresponding features or attributes (drainage patterns, vegetation and 

landform patterns). The analysis and results should be verified with observations made 
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directly on the ground. However, determining the extent, thickness or depth of 

weathered on slopes may be demanding tasks that require the expertise of specialists in 

different but related academic and professional fields (in environmental and structural 

geology, geomorphology, spatial geography, geo-physics, soil and geologic 

engineering). Consequently, studying for the assessment of landslides in the study area 

would require a general understanding of the patterns of landforms and their 

relationship with geologic structure. As ArcView is equipped with tools for 

identification, digitizing and drawing, this makes it possible for themes to be created 

from scratch, all having a common scale and georeferences. Apart from making it 

possible to verify the lack of geographic features in air photographs and other imagery, 

ground truth (data obtained directly from the field) may enable the addition of other 

simple and complex data that could not be obtained from the field perhaps due to lack 

of financial and technical resources (expert and material). In this regard the present 

paper refers to such data as geohydrologic data which show the distribution of springs 

and enable verification of the occurrence and pattern of underground tunnels. It 

however would be very difficult, if not impossible, to produce from field studies and 

other methods, an accurate enough base map that would show sub-surface hydrologic 

pattern and underground tubes. 

 

The overlay procedure for qualitative and statistical landslides analysis would enable 

the partitioning of the ground into categories. This would facilitate decision making for 

the degree of slopes stability and landslides susceptibility. When a factor map or theme 

is superimposed on a landslides distribution map, it would make it possible for visual 

judgment to determine which factors have had a dominant role in landslides occurrence. 

Well geo-referenced attributes for the various thematic maps such as lithologic units, 

landforms and parameters such as calculated drainage bifurcation ratios for demarcated 

sub-basins in a hydrologic layer would enhance the quality of the various theme layers.  
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(http://docs.lib.duke.edu/maps/guides/arcgis.html). 
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GLOSSARY 

 

Air Photograph : A photograph of the earth's surface taken from a platform flying 

above the surface but not in orbit, usually an aircraft. Aerial photography is often used 

as a cartographic data source for base mapping, locating geographic features, and 

interpreting environmental conditions (ESRI Support Center GIS Dictionary 

(http://support.esri.com). 

 

ArcGIS Spatial Analyst: An ArcGIS extension that provides spatial modeling and 

analysis features. It allows the creation, querying, mapping, and analysis of cell-based 

raster data and integrated vector-raster analysis. ESRI Support Center GIS Dictionary 

(http://support.esri.com). 

 

ArcToolbox: A user interface in ArcGIS used for accessing, organizing, and managing 

a collection of geoprocessing tools, models, and scripts (ESRI Support Center) 

(http://support.esri.com). 

 

Basalt: A dark-colored fine-grained extrusive igneous rock composed largely of 

plagioclase feldspar and pyroxene. It is similar in composition to gabbro. Basalt is 

thought to be one of the main components of oceanic crust. 

 

Bolean Operators: Logical operators which allow combinations of sets. They include 

the  AND, OR, NOT and XOR (exclusive OR) terms (McDonell and Kemp, 1995). 

 

Buffer: A region specified around a point or line (McDonell and Kemp, 1995). 

 

Cinder Cone: A cone-shaped hill that consists of pyroclastic materials ejected from a 

volcanic vent. 

 

Clay: A clastic mineral particle of any composition that has a grain size smaller than 

1/256 mm. The term is also used in reference to a broad category of hydrous silicate 

minerals in which the silica tetrahedrons are arranged into sheets. 
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Composite Map: A map created by combining two or more maps. 

 

Cursor: A pointer or symbol on a screen that indicates the active position. Movement 

of the cursor is generally accomplished through the use of a mouse or other pointing 

device (McDonell and Kemp, 1995). 

 

Data Input: Entry of information into a computer. This may be accomplished through 

the use of a keyboard, digitizer, scanner, or from already existing data sets (McDonell 

and Kemp, 1995). 

 

Deposits (Geologic/Volcanic): Laid-down material from volcanic eruptions and other 

material transport processes. 

 

Dialog Box (dialog window): A pop-up window within a computer program into which 

data or commands may be entered (McDonell and Kemp, 1995). 

 

Earthquake: A trembling of the earth caused by a sudden release of energy stored in 

subsurface rock units. 

 

Edit: The process of adding, deleting and changing data (McDonell and Kemp, 1995). 

 

Expansive Clay (Expansive Soil): A clay soil that expands when water is added and 

contracts when it dries out. This volume change when in contact with buildings, 

roadways, or underground utilities can cause severe damage. 

 

Export: To move data from one computer system to another, and often, in the process, 

from one file format to another. ESRI Support Center GIS Dictionary  

(http://support.esri.com) 

 

Fault:  A fracture or fracture zone in rock along which movement has occurred. 

 

Field: A location in a data record in which a unit of information is stored. For example, 

in a data base of addresses, one field would be city (McDonell and Kemp, 1995). 
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File: A named set of computer records stored or processed as a unit (McDonell and 

Kemp, 1995). 

 

Fluvial Geomorphology: This refers to the science of the earth’s landforms in relation 

to their development by running water. It in other words means the science of 

landforms, their distribution and development due mainly to the impact of running 

water (that is, the impact of run-off and erosion on the land).   

 

Geomorphology: The science of Earth's landforms, their description, classification, 

distribution, origin and significance. 

 

Geomorphological (geomorphic/morphologic) Processes: These are the natural 

mechanisms by which energy and material impact upon the earth’s surface and 

subsurface. These processes result in change in the landform, which may either be 

gradual and imperceptible or may be sudden (or cataclysmic such as the landform 

created after the occurrence of a slope failure and the flow and fall deposits in a 

volcanic eruption). Examples of geomorphological processes are weathering, erosion, 

landslides and volcanism.  

 

Grid Cell : A two-dimensional element that represents space in a regular or near regular 

tessellation of an area. It is usually represented by a square (McDonell, & Kemp, 1995). 

  

Grid:  A set of rectangular cells or of points arranged in rows and columns (McDonell, 

& Kemp, 1995). 

 

High-Energy: The term ‘high-energy’ is often used in physical geography to refer  to 

hills and mountainous environments where geomorphological processes cause rapid 

downslope material transfers that can prove catastrophic to human life and property.  In 

human geography these environments are usually regarded as those areas that are 

marginal to human adaptation and utilisation (Wilson, 2001). 

 

Hot Spot: A volcanic center located within a lithospheric plate that is thought to be 

caused by a plume of hot mantle material rising from depth. 
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Hydrology:  The science of Earth's water, its movement, abundance, chemistry and 

distribution on, above and below Earth's surface. 

 

Internet: An international network of dispersed local and regional computer networks 

used predominantly for sharing information and resources. Developed primarily for 

military and then academic use, it is now accessible through commercial on-line 

services to the general public. (McDonell, R. & Kemp, k., 1995). 

  

Joint: A fracture in rock along which there has been no displacement. 

 

Lahar : A mudflow composed of water and volcanic ash. Lahars can be triggered by the 

flash melting of the snow cap of a volcanic mountain or from heavy rain. Lahars are 

very dangerous because they can occur suddenly and travel at great speeds.  

 

Landslide: downslope movement of rock and soil over a failure surface and under the 

influence of gravity. Slumps, earthflows, debris flows and debris slides are examples. 

 

Lapilli:  Volcanic rock materials which are formed when magma is ejected by a 

volcano. Typically used for material that ranges between 2 and 64 millimeters in 

diameter., (geology.com :  http://geology.com/dictionary/glossary-l.shtml). 

 

Lava: Molten rock material on earth's surface.  

 

Lava Tube (Lava Tunnel): A tunnel below the surface of a solidified lava flow, 

formed when the exterior portions of the flow solidify and the molten internal material 

is drained away. 

 

Layer (in GIS analysis): A usable subdivision of a data set, generally containing 

elements of a particular theme. The subdivisions are registered to a common coordinate 

system, thus enabling analysis and integration across the various themes. (McDonell, R. 

& Kemp, k.,1995). 

 

 Lithology:  The study and description of rocks, including their mineral composition and 

texture. The term is also used in reference to the compositional and textural 

characteristics of a rock. 
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Lineament: A straight topographic feature of regional extent which is thought to 

represent crustal structure. A fault, line of sinkholes, straight stream stretch or a line of 

volcanoes can be considered linear features. 

 

Magnitude (for earthquakes): A measure of earthquake strength based upon the 

amount of ground motion experienced and corrected for the distance between the 

observation point and the epicenter. There are several magnitude scales in use. 

 

Mass Wasting (Mass Movement): A general term used for any downslope movement 

of rock, soil, snow or ice under the influence of gravity. It includes landslides, creep, 

rock falls and avalanches. 

 

Mudflow: A type of mass movement composed mainly of clay-size materials with a 

high enough water content that it flows readily. 

 

Period of Quiescence (of a volcano): Periods of quiescence (Table 3.4.), are periods of 

rest or dormancy (used in reference to a volcano, when it is not erupting). 

 

Physiography: A description of the natural features of the surface of the earth. 

Physiography in other words refers to the landform(s) of a place (Fang, H-Y., 2006). 

 

Plutonic Rock: Igneous rock formed deep within the Earth under the influence of high 

heat and pressure, hypogene rocks; distinguished from eruptive rock formed at the 

surface 

Dictionary of Mining, Mineral, and Related Terms  

(http://www.webref.org/geology/p/plutonic_rock.htm). 

 

Pyroclastic Rock: A rock formed when small particles of magma are blown from the 

vent of a volcano by escaping gas. 

 

Radial Drainage: A drainage pattern in which stream channels run away from a central 

high point such as a volcano or dome. 

 

Raster Data: The representation of spatial data as a matrix of cells holding value for an 

attribute. The spatial position of an element is implicit in the ordering of grid cells 
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(McDonell and Kemp, 1995). 

 

Raster-To-Vector Conversion: A process to convert an image made up of grid cells 

into a data set of lines and polygons (McDonell and Kemp, 1995). 

 

Reference Data: The field collection of data which is used in the interpretation of 

information gathered from other sources such as remote sensing. Also known as ground 

truth (McDonell and Kemp, 1995). 

 

Regolith: A general term used in reference to unconsolidated rock, alluvium or soil 

material on top of the bedrock. Regolith may be formed in place or transported in from 

adjacent lands. 

 

Relational Join: An operation by which two data tables are related through a common 

field (McDonell and Kemp, 1995). 

 

Relief: Variations in the height and slope of Earth's surface. The term is also used to 

refer to the vertical difference between the highest and lowest elevations of an area. 

 

Runoff: Liquid water moving over the land surface as a sheet or channelized flow.  

 

Scoria: An igneous rock of basaltic composition and containing numerous vesicles 

caused by trapped gases. 

 

Seismic Phenomena: This refers to earth tremours (ground shaking or seeming 

movement) from earthquake manifestation. 

 

Shapefile: A vector data storage format for storing the location, shape, and attributes of 

geographic features. A shapefile is stored in a set of related files and contains one 

feature class. . ESRI Support Center (http://support.esri.com) 

. 

Strato-volcanic: Implies the alternation of layers (deposits) of volcanic material in 

vertical section. The term ‘strato-volcanic’ comes from strato volcano. 



 109 

Strombolian Activity: Strombolian activity refers to a volcanic eruption characterised 

by thick (viscous/less fluid) lava which is less when compared to the production of 

volcanic bombs and scoria. There is also some explosive activity. Given the nature of 

the volcanic material produced, the cones that are built usually have very steep slopes.   

 

Tertiary : The first period of the Cenozoic Era (after the Cretaceous of the Mesozoic 

Era before the Quaternary), thought to have covered the span of time between 65 

million years and 3 to 2 million years ago. It is divided into five epochs: the Paleocene, 

Eocene, Oligocene, Miocene, and Pliocene. It was originally designated an era rather 

than a period; in this sense, it may be considered to have either five periods (Paleocene, 

Eocene, Oligocene, Miocene, Pliocene) or two (Paleogene and Neogene), with the 

Pleistocene and Holocene included in the Neogene. (AGI, Dictionary of Mining, 

Mineral, and Related Terms) (http://www.webref.org/geology/t/tertiary.htm). 

 

Thematic Mapper (TM): A sensor on board the later satellite series. It detects 

radiation in seven wave bands and has a spectral resolution of 30m (McDonell and 

Kemp, 1995). 

 

Topographic Map: A map that shows the change in elevation over a geographic area 

through the use of contour lines. The contour lines trace points of equal elevation across 

the map.  

 

Volcanic Ash: Sand-sized particles of igneous rock that form when a spray of liquid 

magma is blown from a volcanic vent by escaping gas. 

 

Volcanic Cone (Volcanic Hill): A cone-shaped hill or mountain composed of 

pyroclastic debris and/or lava which build up around a volcanic vent during eruptions. 

 

Vulcanian Activity: This refers to an eruption more violent and explosive than the 

strombolian type. Much of the volcanic material produced is constitutes steam, gas and 

ash.  

 

Watershed: The geographic area that contributes runoff to a stream. It can be outlined 

on a topographic map by tracing the points of highest elevation (usually ridge crests) 
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between two adjacent stream valleys. The watershed of a large river usually contains the 

watersheds of many smaller streams. It is also referred to as a drainage basin or 

catchment. 

 

Weather (as in rock weathering): 

 a) To undergo changes, such as discoloration, softening, crumbling, or pitting of rock 

surfaces; brought about by exposure to the atmosphere and its agents.   

b) To undergo or endure the action of the elements; to wear away, disintegrate, discolor, 

or deteriorate under atmospheric influences. (AGI, Dictionary of Mining, Mineral, and 

Related Terms)  

(http://www.webref.org/geology/t/tertiary.htm. 

 

Weathering: Response of materials once in equilibrium within earth's crust to new 

conditions at or near contact with water, air, or living matter. (Don, L. L., 1982). 

 

Weathering (Chemical): material alteration by chemical processes that transform 

original material into new chemical combinations. 

(Don, L. L., 1982). 
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