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ABSTRACT 

This project was conducted in the Mbapit and Nkogam Mountains in the West Region of 

Cameroon. It was a four months internship conducted under the supervision of the ERuDeF 

University Institute of Applied Biodiversity Sciences (EUIABS) in collaboration with the 

Environment and Rural Development Foundation (ERuDeF). The project titled “Contribution of 

geographic information system in establishing the case for ecosystem restoration in the 

Mbapit and Nkogam mountains” seeks to establish the basis for restoration of the degraded 

landscape and key ecosystem in the Mbapit and Nkogam landscape. The project objectives were 

to produce a map of the hydrological system of the Mbapit and Nkogam mountains till where it 

empties its self, to identify all the watersheds of the mount Mbapit and Nkogam landscape and to 

evaluate the rate of degradation in the Mbapit and Nkogam landscape since 1980 to 2020. The 

methodology used to attain the objective was based the downloading and processing of SRTM and 

Landsat images of the years 1980, 2000 and 2020. The SRTM were processed to define the 

hydrolgical system and the watersheds while the landsat images undergone preprocessing, 

classification using Maximun Livelihood Algorithm and post classification. The results showed 

that the Mbapit and Nkogam is made up of 8 principal sub watersheds namely the Mou, Mfou, 

Mveng, Mfeguem, Mem, Nafomba, Nkoup and Panke watersheds. The Noun and Mbam rivers are 

the main rivers that drain into the Sanaga River and from the Sanaga River to the Atlantic Ocean. 

The land use land cover analysis showed a decrease in vegetation cover   that the ecosystem of the 

Mbapit and Nkogam landscape is at a fast decrease and if nothing is done the ecosystem of the 

area will be completely destroyed. The limitations of the research internship were the regular 

shutdown of the earth explorer website and the lack of financial resource to go the field. Based on 

the rapid degradation identified, the stakeholders and local communities of the Mbapit and 

Nkogam landscape should come together and integrate the watershed management approach or 

develop alternate activities with little or no impact on the watersheds.  

Key words: GIS and Remote sensing, Watershed, Mbapit and Nkogam landscape, Ecosystem 

restoration, Degradation  
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RESUME 

Le projet mené dans les monts Mbapit et Nkogam dans la région ouest du Cameroun est la synthèse 

d'un stage de quatre mois réalisé sous la supervision de l'institut universitaire des sciences 

appliquées de la biodiversité ERuDeF (EUI ABS) en collaboration avec la Fondation pour 

l'environnement et le développement rural (ERUDEF). Le projet intitulé « Contribution des 

systèmes d’informations géographiques à l’établissement des bases de la restauration des 

écosystèmes dans les monts Mbapit et Nkogam » cherche à établir les bases de la restauration du 

paysage dégradé et de l'écosystème clé dans le paysage Mbapit et Nkogam. Les objectifs du projet 

étaient de produire une carte du système hydrologique du paysage  Mbapit - Nkogam jusqu'aux 

différents points de chute, d'identifier tous les bassins versants du paysage des monts Mbapit et 

Nkogam et d'évaluer le taux de dégradation dans le paysage Mbapit et Nkogam  depuis 1980. La 

méthodologie utilisée pour atteindre les objectifs portait sur le téléchargement et le traitement des 

SRTM et des images Landsat des années 1980, 2000 et 2020 Les SRTM ont été traité pour définir 

le système hydrographique et les bassins versants. Les images landsat ont subi un prétraitement, 

une classification suivant la classification du maximum de vraissemblance afin d’obtenir les 

formes d’occupation du sol. Les résultats ont montré que le Mbapit et Nkogam est composé de 8 

sous-bassins versants principaux à savoir les bassins versants de Mou, Mfou, Mveng, Mfeguem, 

Mem, Nafomba, Nkoup et Panke. Les rivières Noun et Mbam sont les principales rivières qui se 

jettent dans le fleuve Sanaga et du fleuve Sanaga à l'océan Atlantique. L'analyse de l'occupation 

du sol a montré une diminution de la couverture végétale que l'écosystème du paysage de Mbapit 

et Nkogam est à une diminution rapide et si rien n'est fait l'écosystème de la zone sera 

complètement détruit. Les limites du stage ont été la fermeture régulière du site web Earth Explorer 

et le manque de ressources financières pour aller sur le terrain. Sur la base de la dégradation rapide 

identifiée, les parties prenantes et les communautés locales du paysage de Mbapit et Nkogam 

devraient se réunir et intégrer l'approche de gestion des bassins versants ou développer des activités 

alternatives avec peu ou pas d'impact sur les bassins versants. 

Mots clés: GIS et télédétection, Bassin versant, Paysage des monts Mbapit et Nkogam, 

Restauration des écosystèmes, Dégradation 
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CHAPTER ONE: INTRODUCTION 
 

1.1 Context and justification 
 

According to Leahy, more than 75 percent of Earth’s land area are substantially degraded, 

undermining the well-being of 3.2 billion people (Stephen, 2018). These lands that have either 

become deserts, are polluted, or have been deforested and converted to agricultural production 

are also the main causes of species extinctions, ecosystem degradation and watershed 

degradation (Alexandra, 2017). If this trend continues, 95 percent of the Earth’s land areas could 

become degraded by 2050. That would potentially force hundreds of millions of people to 

migrate, as food production collapses in many places in the world. 

Throughout Africa rural communities depend on forest for their livelihood as they collect firewood 

for fuel to cook, foods such as bush meat, mushrooms, fruits, nuts, berries and herbs to eat and sell 

locally. 

Forests cover 46% of Cameroon’s national territory, which hosts diverse ecosystems that it is 

nicknamed “Africa in Miniature”. Cameroon has the forests, grasslands, deserts, tundra, 

freshwater and marine ecosystems.  

Cameroon has also experienced substantial deforestation and land degradation, with causes 

ranging from fuel wood and charcoal extraction to infrastructure development, which has 

negatively impacted local livelihoods, the national economy and ecosystem services (Auda, 

2019). 

Mount Mbapit is a volcano situated in the Noun Division of the West region of Cameroon in 

between the localities of Foumbot and Foumban. Reports hold that it culminates close to 2000 

Meters height and has one of the most visited and attractive Crater Lake. A forest of prunus 

africana extends over 1664 ha on the slopes of Mount Mbapit. The ecosystem of the mount 

Mbapit has been degraded mainly as a result of human influence through uncontrolled farming, 

cutting down of the trees for fuel wood, farming space and non-human factors like climate 

change, soil erosion and the presence of invading species like humans. The Mt Mbapit currently 

has a project called Mt Mbapit Rural Development Project (MMRDP-II) to increase the amount 

of food production on food crops like corn, cassava, palm oil and rice. 

https://www.nationalgeographic.com/environment/global-warming/deforestation/?beta=true


2 

 

 Remote sensing (RS) and geographical information system (GIS) as cost-effective techniques 

were used to develop a catchments-based approach for identifying critical sites for ecosystem 

restoration (Fengxia & Wenbao, 2010). Furthermore, Global Positioning System (GPS) enables 

making precise in situation measurements on various terrain parameters which are used for both 

generating baseline as well as derivative information on natural resources for various 

developmental activities such as restoring the ecosystem. The main objective of remote sensing, 

in terms of ecosystem restoration, is to record images of ecosystems and watersheds area by 

using electromagnetic radiation energy sensors mounted on satellites or aircraft to collect images 

of degraded ecosystems (Leslie .M . A, 2014). These data can be used to study the area and know 

the areas that have degraded and need restoration.  

1.2-Problem statement 

The Ecosystem of Cameroon is constantly declining and one of them is the mountain ecosystem 

which is the main cause of our watersheds declining and increasing rates of water scarcity. The 

decline of mountain ecosystems has an increasing negative impact on the lives of Cameroonians 

as they are one of the most important factors to the enrichment of watersheds but have constantly 

been mismanaged in the past years leading to increasing degradation of the mountain forest 

ecosystems which intern affects the watershed negatively and leads to water scarcity.  The main 

factors affecting the mountain ecosystems in Cameroon are degradation and deforestation. Some 

of the factors leading to the loss of mountain ecosystems in the Mbapit and Nkogam, is the 

cutting down of tress for fuel wood, land for settlement and an increasing need for farm land 

which makes people clear the forest leaving the soil bare and increase the rate of 

evapotranspiration, this process makes the soil to lose ground water and without plant cover the 

process occurs faster than usual which negatively impacts our watersheds. Overgrazing by cattle 

is also another cause of mountain ecosystem degradation as the cattle turn to eat up all the grass 

and this is usually because more cattle graze on a small piece of land, the land is left bare without 

cover and increases erosion which in turn increases the rate sedimentation of rivers and streams 

causing streams to dry up, moreover the trampling on the soil by cattle makes the soil hard which 

increases runoff and infiltration difficult to recharge groundwater. The Buildings of Dams like 

the Bamendjing dam decreases the downward flow water to the streams and rivers below them, 

these are some of the problems faced by the mt Mbapit and Nkogam massif forest ecosystem. 

The government of Cameroon has been alerted to the loss of our mountain ecosystems and have 
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launched a few projects through MINFOF in areas like mount Bamboutous and the Mandara 

Mountains to mitigate the increasing loss of our mountain ecosystems. A few NGOs like ERuDef 

have taken up projects in areas like mount Bambotos to help combat the degradation of mountain 

ecosystems. Very little research has been carried out on the area leading to the availability of 

little or no information about the hydrology and rate of degradation on the area. As a result GIS 

and remote sensing are going to be put to use to evaluate the rate of ecosystem degradation over 

2 decades on the Mt Mbapit and Nkogam massif. In addition the reasons why the Mbapit and 

Nkogam ecosystems are degrading will be brought out alongside solutions to solve those 

problems and the need for a water-fund. From the problems mentioned in the above paragraph 

the following questions were raised: what is the state of ecosystem degradation in the Mbapit 

and Nkogam watershed? Specifically, what is the structure of the Mbapit and Nkogam 

hydrological system? what are the various watersheds of the Mbapit and Nkogam landscape? 

and what is the rate of degradation of the Mbapit and Nkogam landscape over the last 4 decades? 

1.4 Objectives of the study 

1.4.1 Main objective 

To contribute to the restoration of degraded Cameroon’s watershed ecosystems. 

1.4.2 Specific objective  

❖ To produce a map of the hydrological system of the Mbapit and Nkogam 

mountains landscape till where it empties itself. 

❖ To identify all the watersheds of the Mbapit and Nkogam mountains landscape. 

❖ To evaluate the rate of degradation in the Mbapit and Nkogam mountains 

landscape since 1980. 

1.5 Hypothesis 

5.1.1 General Hypothesis  

About 65% of the Mbapit and Nkogam ecosystem have been degraded over time. 

1.5.2 Specific Hypothesis 

❖ The degradation of the Mbapit and Nkogam watershed will affect about 75% of the 

Cameroon economy. 

❖ Over 75% of the Mbapit and Nkogam has been degraded over the last 2 decades 
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1.5.3 Expected Results 

❖ A map of the watersheds in the Mbapit and Nkogam landscape. 

❖ A map of the Hydrological system of the Mbapit and Nkogam. 

❖ An assessment of the ecosystem degradation since 2000 in the Mbapit and Nkogam. 
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CHAPTER TWO: THEORETICAL MODELLING 
2.1 Concepts and definition 

2.1.1 Remote sensing  

Remote Sensing means obtaining information about an object, area or phenomenon without 

coming in direct contact with it (Waghmare, 2017). Remote sensing data is collected through the 

use of satellites or aircrafts. Remote sensing is applicable in this project the remote sensing data 

used is satellite images  

2.1.2 Geographic Information System 

A Geographic Information System (GIS) is a system of computer software, hardware data and 

personnel that make it possible to enter, manipulate, analyze, and present data, and the 

information that is tied to a location on the earth's surface (Ershard, 2020). 

2.1.3 Ecosystem 

An Ecosystem is a community of living organisms (plants, animals and microbes) in conjunction 

with the nonliving components of their environment (things like air, water, mineral soil), 

interacting as a system. These biotic and abiotic components are regarded as linked together 

through nutrient cycles and energy flows (Sadik, 2013). 

2.1.4 Deforestation 

Deforestation is the clearing of trees, transforming a wooded area into cleared land You can see 

the word forest in deforestation. The prefix de- means remove and the suffix -action signals the 

act or state of. So deforestation is the act of removing a forest (Gyde, 2018). 

2.1.5 Watershed 

A watershed is defined as any surface area from which runoff resulting from rainfall is collected 

and drained through a common point. It is synonymous with a drainage basin or catchment area. 

2.1.6 Ecosystem degradation 

It’s the deterioration of the environment through depletion of resources such 

as air, water and soil; the destruction of ecosystems; habitat destruction; 

the extinction of wildlife; and pollution. It is defined as any change or disturbance to the 

environment perceived to be deleterious or undesirable (Stephenson, 2006). 

https://en.wikipedia.org/wiki/Environment_(biophysical)
https://en.wikipedia.org/wiki/Depletion_of_resources
https://en.wikipedia.org/wiki/Air
https://en.wikipedia.org/wiki/Water
https://en.wikipedia.org/wiki/Soil
https://en.wikipedia.org/wiki/Habitat_destruction
https://en.wikipedia.org/wiki/Extinction
https://en.wikipedia.org/wiki/Wildlife
https://en.wikipedia.org/wiki/Pollution
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2.1.7 Watershed Degradation 

Watershed degradation is the loss of value over time, including the productive potential of land 

and water, accompanied by marked changes in the hydrological behavior of a river system 

resulting in inferior quality, quantity and timing of water flow (Murphy, 2009). 

2.1.8 Ecosystem Restoration 

Ecosystem restoration is the process of assisting in the recovery of ecosystems that have been 

degraded, damaged, or destroyed and focuses on establishing the ecological processes necessary 

to make terrestrial and aquatic ecosystems sustainable, resilient, and healthy under current and 

future conditions (Reyna, 2012). 

2.1.9 Global Positioning System 

The Global Positioning System (GPS) is a navigation system using satellites, a receiver and 

algorithms to synchronize location, velocity and time data for air, sea and land travel.  

The satellite system consists of a constellation of 24 satellites in six Earth-centered orbital 

planes, each with four satellites, orbiting at 13,000 miles (20,000 km) above Earth and traveling 

at a speed of 8,700 mph (14,000 km/h) (GEOTAB, 2020). 

2.1.10 Water Fund 

Water Funds are organizations that design and enhance financial and governance mechanisms 

which unite public, private and civil society stakeholders around a common goal to contribute 

to water security through nature-based solutions and sustainable watershed management (water 

fund toolbox, 2021). 

2.1.11 Forest 

Land spanning more than 0.5 ha with trees higher than 5 meters and canopy cover of more than 

10 percent, or trees able to reach these thresholds in situ. It does not include land that is 

predominantly under agricultural or urban land use (Global forest resources assessment, 2010). 

2.1.12 Biodiversity 

Biodiversity is an attribute of an area and specifically refers to the variety within and among 

living organisms, assemblages of living organisms, biotic communities, and biotic processes, 

whether naturally occurring or modified by humans (Swingland (2000). 

2.1.13 Digital Elevation Model 

http://www.physics.org/article-questions.asp?id=77


7 

 

USGS Digital elevation models (DEMs) are arrays of regularly spaced elevation values 

referenced horizontally either to a Universal Transverse Mercator (UTM) projection or to a 

geographic coordinate system. The grid cells are spaced at regular intervals along south to north 

profiles that are ordered from west to east (USGS). 
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2.2 Presentation of host organization 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Host Organization 
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2.3 Literature review  

2.3.1 Geographic Information System and remote sending to ecosystem Restoration 

In this study context, the forest is characterized by having a large number of trees, and a great 

diversity of species of fauna and flora, which makes it one of the most important biomes for the 

planet’s biosphere, in addition to acting as a stabilizer of global temperature, and being home to 

the biodiversity of plants and animals, it requires its conservation. In this way, remote sensing 

refers to the way to obtain information about forests through data collection and analysis without 

the instruments used to acquire the data being in direct contact with the forest. Indeed, remote 

sensing can be applied to forest management, referring to the process of planning and executing 

practices for the administration and use of forests, to meet environmental, economic, social, and 

cultural objectives. Thereby, Remote Sensing is a key tool in forest management with the aim of 

optimizing the ecosystem services of forests, such as the supply of raw materials, the regulation 

of the water cycle, the absorption of atmospheric CO2, the richness of species, or the leisure 

options they provide (Segura, 2020). 

2.3.2 Land Cover Analysis 

Gather information about Land Cover (LC) changes is fundamental for a better understanding 

the relationships and interactions between humans and the natural environment. Remote sensing 

(RS) data have been one of the most important data sources for studies of LC spatial and temporal 

changes. In fact, multi-temporal RS datasets, opportunely processed and elaborated, allow to 

map and identify landscape changes, giving an effective effort to sustainable landscape planning 

and management [Dewan et al., 2009]. In particular, by means of the integration of RS and GIS 

techniques, it is possible to analyse and to classify the changing pattern of LC during a long time 

period and, as a result, to understand the changes within the area of interest (C. R .Fichera, 2012)  

2.3.3 Importance of Riparian Forest 

A riparian forest is the forested area of land adjacent to a body of water, stream, river, bay, or 

marsh. Riparian forests form the transition between the aquatic and the terrestrial environment. 

The riparian forest is important in preserving water quality, maintaining stream integrity, 

providing wildlife habitat, and controlling floods and storm water runoff. This article focuses on 

the functions of the riparian forest and the reasons they should be preserved (Jean Llewellyn). 
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2.3.4 The Importance of Watersheds  

Biological, physical, and chemical processes occurring within watersheds provide critical 

ecosystem functions and services that support plants and animals, including humans. Nutrient 

cycling, carbon storage, erosion control, soil formation, increased biodiversity, wildlife 

corridors, water storage, water filtration, flood controls, timber, and recreation are just a portion 

of the services provided by ecosystems within watersheds.  Forested headwater streams function 

to filter sediment and pollutants, which directly benefit humans and other animals in the form of 

clean water. At a larger scale, naturally vegetated floodplains provide storage and slow release 

of water (Aldridge, 2017). 
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CHAPTER THREE: METHODOLOGY 

3.1 Presentation of the study area 

3.1.1 Geographical location  

The Mount Mbapit is a volcanic mountain in Cameroon which rises to nearly 2000 m in altitude 

and has a crater lake at the peak of the mountain in the western region specifically in the Noun 

division. The Nkogam massif is located in the West region of Cameroon in the Noun division 

especially in Kouoptamo sub-division. The Nkogam massif occupies an area of around 140 km2. 

The mountain is linked to the 'Cameroon volcanic line' which is a series of tertiary volcanic 

massifs. 

 

Figure 2: Location of study area 
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3.1.2 Climate  

The climate of the area is the equatorial climate which is a sub-variety in the northwestern third 

and the equatorial - Guinea type in the southeastern two-thirds. High elevations and moderate to 

high humidity give the West one of Cameroon's more pleasant climates. Temperatures are about 

22 degrees, and rainfall is moderate. The West experiences two major seasons which begins in 

a long dry period of little rain and runs until May, then the rains begin in May or June and last 

until October or November though the transition is gradual. Rainfall, moderated by the 

mountains, averages 1,000-2,000 mm per year throughout. 

3.1.3 Soil 

The soil in the study area is a lightly evolved blend of various raw minerals. Rocks in the area 

range from volcanic along the reservoir and Noun to Precambrian deposits of crystalline rocks 

such as granite and gneiss under a cover of basaltic rocks. Metamorphic rocks like gneiss and 

mica dominate the rest of the territory. The soil throughout the west region is mostly red in color 

due to high iron content. The Region’s soils are rich and one of the most productive in Cameroon. 

3.1.4 Relief 

The mount Mbapit rises to 2000 m in height while the Nkogam massif covers an area of 140 

km2.The relief of the area is steep and rugged around the peak, it is made of a series of hills and 

valleys with gentle slopes. These mountains lie along the Cameroon volcanic line, dating from 

the Cretaceous, which runs roughly parallel to the border with the Northwest Province and 

through the capital of Bafoussam. 

3.1.5 Drainage 

The West's mountainous terrain and active tectonics create many fast-moving rivers with 

picturesque falls and isolated crater lakes. These rivers follow a Cameroon regime, experiencing 

a period of high waters during the wet season and a period of low waters in the dry period. River 

Noun is the main river that most streams from the Mbapit and Nkogam watershed drain into, the 

Noun River flows from the Bamendjing reservoir and meets up with the Mbam river and 

continues into the Center Region and empties its self into the river Sanaga which then passes the 

Littoral region and empties its self into the ocean. The Bamendjing reservoir is a man-made lake 

created on the Noun River, which helps regulate the Sanaga at Edéa in the Littoral Province and 

is thus an important component in Cameroon's supply of hydroelectric power. 
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3.1.6 Vegetation 

Very little of the West's original vegetation exist, since most land has been cleared by human 

farmers. The Noun division, the terrain is primarily covered in woodland savanna of the Sahel 

type, which forms a transitional zone to the lowly vegetated northern Regions and also has 

savanna of the Sudan type, and is interspersed among open, dry forest. A few patches of rain 

forest persist in the area, as elevation increases, forests thin out, until they are replaced by ferns 

and bamboos at 1,800 meters. Trees throughout shed their leaves during the dry season to cope 

with the extreme dryness and lack of water. Most of the trees in the area are of the specie Prunus 

Africana.  

3.1.7 Human Activities 

The main human activities in the area are Agriculture and lumbering. The type of farming 

practiced is plantation agriculture and subsistence farming. Plantation agriculture is being 

practiced on crops like coffee and cocoa while subsistence farming is carried out on crops like 

maize, carrot and green spices. The people also practice livestock raising and keep animals like 

pigs, cattle, sheep, fowl and goat. The region provides most of the country’s pork while providing 

about 10% of the countries beef and a great portion of the country’s poultry products.  

3.2 Data collection 

Data used for this study was collected from two important sources: the primary and secondary 

sources. 

3.2.1 Secondary Data 

The secondary data was obtained from online sources, articles and also from documents created 

by the local governments. A couple of organizations like ERUDEF have done some research on 

the mount Mbapit and Nkogam massif, and the result of their research were a good source of 

data used in the project.  

3.2.2 Primary Data 

Primary data was collected using the following methods; 

▪ Downloading SRTM  

▪ Downloading of satellite images  

▪ Identification of land use categories through Google Earth 
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- Production of the map of the hydrological system of the mount Mbapit and Nkogam 

massif till where it empties itself 

The DEM (Digital Elevation Model) were downloaded from USGS and Google earth was used 

to confirm the result obtained. 

- Identification of all the watersheds of the Mbapit and Nkogam mountains landscape 

The DEM (Digital Elevation Model) were downloaded from USGS and Google earth was used 

to confirm the result obtained. 

- Assessment of the rate of degradation in the Mbapit and Nkogam landscape since 

1980. 

Landsat images for 1980, 2000 and 2020 from USGS were downloaded and Google Earth was 

used to identify the various land use type. 

3.4 Data analysis 

- Production of the map of the hydrological system of the mount Mbapit and Nkogam 

massif till where it empties its self 

Making a map of the hydrological system of the mount Mbapit and Nkogam massif. It is 

important to bring out the hydrological map of the area. The hydrological map will be brought 

using the following steps. 

 

 

 

 

 

 

 

 

 

Downloading the DEM 

from USGS 

Add DEM to ARC MAP Filling sinks 

Flow direction Analysis Flow accumulation 

Analysis 

Drainage Area Analysis 

Delineating the River 

network 

Figure 3: Methodology to create Hydrological system 
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▪ First thing to be done is to download the DEM data from USGS.   

▪ After downloading the DEM data it is going to be added to ARC Map. 

▪ In order to identify the drainage area for each raster cell in the river catchment it is first 

necessary to make sure the DEM is ‘hydrologically correct’, that is, water can flow 

downhill from the high areas to low areas without getting caught in ‘sinks’ (low areas 

where water would enter but not leave). 

▪ In order to calculate what the drainage area is for each raster cell, it is first necessary to 

work out which direction water would flow out of each cell. 

▪ Using the direction that water would flow out of each cell it is possible for the software 

to calculate how many other cells worth of rainfall will end up routing into each cell.  

▪ Finally, you need to multiply the number of cells that flow into each cell by the area of 

one cell to find the drainage area for each cell. 

▪ Rivers form where there is sufficient drainage area and rainfall to generate flow that is 

sufficient to erode a channel. We can identify all of the cells where a river channel is 

likely to form by highlighting just those cells that have a drainage area above a certain 

threshold. 

- Identification of all the watersheds of the Mbapit and Nkogam mountains landscape 

In order to achieve the objective of identifying all the watersheds in the mount Mbapit and 

Nkogam massif the various steps below will be followed. 
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Figure 4: Methodology to create watershed 
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• First thing to be done is to download the DEM data from USGS.   

• After downloading the DEM data, it is going to be added to ARC Map. 

 

Figure 5: Adding DEM data 

• You select the location on your computer where you want your work to be saved  

• Fill sinks 

The Fill tool finds the sinks (their elevation is lower than all the surrounding cells) and 

then "fills" them to the elevation of their lowest neighbor. 
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Figure 6: Fill sinks 

• Flow direction 

Your first step in creating the watersheds is to set flow direction for the elevation raster. 

Determining the direction of flow through each cell is always the first step in surface 

hydrology analysis, because all the other hydrology tools need this information to work. 

 

Figure 7: Flow direction 
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• Creating pour points 

To create pour point we are going to create a shape-file in order to store the pour points 

identified on the study area. The features in the shape-file are stored in point form. In 

order to take a point we zoom in, in order to see the rivers clearly and not take a pour 

point where rivers or streams overlay each other, if a pour point is taken where streams 

overlay each other the watershed is not going to be well delineated. 

 

Figure 8: Creating pour point 

 

• Delineating the watershed 

This is generated by Watershed generating tool and setting the flow direction grid as the 

input flow direction raster. By setting the raster version of the pour points as the input 

raster and the watershed is computed and generated as shown in the Figure 



19 

 

 

Figure 9: Delineating watershed 

 

Assessment of the degradation rate 

Analyzing the land use land cover of the mount Mbapit and Nkogam massif will be done using 

the following steps; 
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The downloaded Landsat images for each band needed to undergo several pre-processing steps. 

The pre-processing of images prepares them for the classification analysis. 

• Downloading the land-sat images for the years 1980, 2000 and 2020 from the USGS 

website. 

• After downloading the data from USGS we add the downloaded data to Arc Map.   

• Then we do the band composite to see the actual image in its real color or to near infrared. 

Landsat Image Download for the years 1980, 2000 and 2020 

Clipping to study Band Composition 

Maximum likelihood 

Pan-sharpening 

Extraction of statistics  

Land use land cover maps 

for         1980 and 2000 

Post 

Classification 

Maximum likelihood convert to 

polygon 

Classification 

Pre-processing   

Figure 10: Methodology of LULC classification 
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Figure 11: Adding image and band composite in ArcMap 

 

• After adding the downloaded data and band composite technic we clip the image to our 

study area. 

 

Figure 12: Clipping image to extract the study area 
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• Then the image is pan-sharpened to improve the image quality for classification after 

pan-sharpening the image we has change the color composition of the image in order to 

designate the bands in such a way that the image will portray its true color. 

 

 

Figure 13: Pansharpening operation 

Image classification 

Supervised Classification was done through the use of the maximum likelihood to produce the 

land use land cover map. It is conducted based on verified result. Supervised classification is 

one of the most used methods to detect land use types. Spectral signatures are used to classify 

all pixels in the image. Training areas were made representing land cover types. Supervised 

classification method is followed by expert knowledge. It is depending on reference maps to 

improve the accuracy of the classification process which in this case was obtained from google 

earth. 
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Figure 14: Creation of training areas for the supervised classification 

• Then we run the maximum likelihood function using the training area that was produced, 

after the maximum likelihood is finished we will see the result which is the land use land 

cover map. 

 

Figure 15: Maximum likelihood 
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Post Classification 

 

• After the land use land cover map is produced in raster format we transform it to polygon 

in order to calculate the area covered by each class.  

• The statistic for the various land cover were extracted from the polygons. 

• The map layout was done and the map was exported as picture format. 

 

 

Figure 16: Raster to polygon conversion 
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CHAPTER 4: RESULTS AND DISCUSSIONS 

4.1 Presentation of the map of the hydrological system of the mount Mbapit and 

Nkogam massif 

The hydrological system of the Mbapit and Nkogam Landscape has been derived (figure 17). 

 

Figure 17: Hydrological system of Mbapit and Nkogam 

Figure 17 reveals that the main rivers which drain the area of interest are the Noun and Mbam 

Rivers. Both rivers flow downwards through the Noun division in the West region and continue 

into the Center region. The Noun River flows into the Mbam River in the Center region precisely 

in the Mbam et Inoubou division. The Mbam River, then flows and empties itself in the River 

Sanaga at Mbam et Kim division which is still in the Center region. The River Sanaga then flows 

through the Center region into the Littoral region before emptying itself into the Atlantic Ocean. 
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4.2 Identification of all the watersheds of the mount mbapit and nkogam landscape 

The Mbapit and Nkogam landscape is made up of 7 watersheds namely: the Mou watershed, 

Mfou watershed, Mveng watershed, Mfeguem watershed, Mem watershed, Nafomba watershed, 

Nkoup watershed, Panke Watershed 

4.2.1 The Mfou watershed 

 

 

Figure 18: Mfou watershed 

Figure 18 shows the Mfou watershed which covers an area of ……….  , the villages that make 

up the Mfou watershed are Nkoumelap, Nkoutaba, Mamfu, Nkoutie, Nkoumeap, Didango and 

Mkoupamenke. The Mfou watershed is drained by the Mfou River which is the main river where 

all streams and rivers drain into and hence where the watershed got its name from. The Mfou 

watershed is mainly in the Koutaba sub-division with a little part of it in the Bangourain and 

Kouoptamo subdivisions. Most if not all the streams and rivers of the Mfou watershed empties 

into the Mfou River which in turn drains into the Mbam River. 
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4.2.2 The Mem watershed 
 

 

Figure 19: Mem watershed 

Figure 19 shows the Mem watershed which covers an area of ………., the villages that make up 

the Mem watershed are Mambem, Mekanden, Nkounchankap, Mjindare, Manchia, Mfewouon 

and Mfesset. The Mem watershed is mainly drained by the Mem River and hence where it got 

its name from. The Mem watershed is made up of a couple of subdivisions namely Koutaba, 

Messangam and Koutaba. The Mem watershed is drained by its main river which is the Mem 

River which then flows into the Noun River.  
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4.2.3 The Mfeguem watershed 

 

 

Figure 20: Mfeguem watershed 

 

Figure 20 displays the Mfeguem watershed which covers an area of ………. It is found in the 

village of Nkoumangba. The Mfeguem watershed has about eight tributaries flowing in all 

directions in the Kouoptomo subdivision. All the rivers of the Mfeguem watershed flow into the 

Mfeguem River which is the main river that drains the watershed. The Mfeguem River then 

flows into the Bamendjing dam which is on the Noun River.  
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4.2.4 The Mou watershed 

 

 

Figure 21: Mou watershed 

The Mou watershed coveres an area of about ……., the Mou watershed is found in the 

Nkoundem, Mbamkouop, village with neighbouring villages like the Ngwen Njingoumbe and 

Massiessle village. The mou watershed is found in the Kouoptamo sub-division, the main river 

which drains the Mou watershed is the Mou river , the watershed takes its name from its main 

river which is the Mou. The Mou flows into the Noun River. 
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4.2.5 Nafomba watershed 

 

 

Figure 22: Nafomba watershed 

 

The Nafomba watershed covers an area of …….., The Nafomba watershed is made up of the 

Nkourom and Nkwat villages with neighbouring villages like the Nkoumangba and 

Mkoupamenke villages. The Nafomba watershed is drained by one main river by name Nafomba 

and hence where the watershed got his name from. The Nafomba watershed is located in between 

the Kouoptamo and Bangourain subdivision. All the streams of the watershed drain into the 

Nafomba river which then drains into the Noun river which flows into the River Nbam. 
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4.2.6 Nkoup watershed  

 

 

Figure 23: Nkoup watershed 

  

Figure 23 is the Nkoup watershed which covers an area of about ……, the Nkoup watershed is 

one the biggest watersheds under the Mbapit and Nkogam watersheds, the Nkoup watershed is 

made up of many villages like Foumbot, Mfessang, Matie, Nkoufen, Mfesset, Mbanjou and 

Didango. The Nkoup watershed has tributaries flowing in all directions of the Foumbot, Koutaba 

and the Kouoptamo sub-divisions. The Nkoup watershed is drained by the Nkoup river which is 

the main river in the watershed , the Nkoup river is a tributary of the the Noun river. The Nkoup 

river drains into the Noun river which is the main river in the area of study. 
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4.2.7 Panke watershed 

 

 

Figure 24: Panke watershed 

Figure 24 shows the Parke watershed,  The Panke watershed covers an area of …., the Panke 

watershed is made up of villages like the Ngouondam, Nkoupa’re, Mapa’re, Massiessle and 

Nkougham. The Parke watershed is found in the Kouoptamo sub-division, the Parke watershed 

is drained by the Parke river where from the watershed name is gotten from. The Parke river 

drains the watershed into the Noun river. 
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4.2.8 Mveng watershed 

 

 

Figure 25: Mveng watershed 

The Mveng watershed covers an area of ……., the Mveng watershed is drained by the main river 

which is the Mveng river hence where the watershed got its name from. The Mveng watershed 

is made up of villages like the Ndjimbout, Matie, Mfessang, Mfesset, Mfewouon. The Mveng 

watershed is found in thr Foumbot sub-division. The Mveng river then flows into the Noun 

River. 
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4.2.8 Mbapit and Nkogam mountains watersheds 

 

 

Figure 26: Mbapit and NKogam watershed 

The 8 sub watersheds of the mount Mbapit and Nkogam come together to form the principal 

watershed of mt Mbapit and Nkogam as seen in Figure 14. 
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4.3 Assessment of the rate of degradation in the mbapit and nkogam landscape since 

1980 

4.3.1 Land Use Land Cover Map of 1980 

 

 

Figure 27: Land Use Land cover map of 1980 



36 

 

 

Figure 28: 1980 Land use land cover bar chat 

The LULC map of 1980 shows that the dense vegetation at the time covered an area of 168.33 

Km2 (12%), while the less dense vegetation covered an area of 447.09 Km2 (32%). The bare soil 

in the year 1980 covered an area of 737.10 Km2 (53%) while build up covers an area of 35.98 Km2 

(3%). The water in 1980 covers an area of 1.71Km2. 
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4.3.2 Land Use Land Cover Map of 2000 

Figure 29 shows the Land Use Land Cover Map of 2000 

 

 

Figure 29: Land use land cover of 2000 
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Figure 30: 2000 land use land cover bar chat 

The Land Use Land Cover map of 2000 shows that the Dense vegetation covered an area of 

64.44 Km2 (5%) while less Dense vegetation covers an area of 389.98 Km2 (28%). The build-up 

covers an area of 125.81 Km2 (9%) while bare soil covers an area of 809.32 Km2 (58%). Water 

covers an area of 0.79Km2. 
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4.3.3 Land Use Land Cover Map of 2020 

 

 

Figure 31: land use land cover cover of 2020 
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Figure 32: 2020 land use land cover bar chat 

The Land Use Land Cover map of the year 2020 shows that the Dense vegetation covers an area 

of 40.32 Km2  (3%) while the less dense vegetation covers an area of 428.00 Km2 (31%). The 

Build-up area covers an area of 130.98 Km2 (9%) while bare-soil covers an area of 771.97Km2 

(56%). Water covers an area of 0.76 Km2. 

 

4.3.3 Land use land cover change over a period of 40 years 

 

  

Figure 33: Land use land cover graph of 1980, 2000 and 2020 
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Analysis of the result indicated that bare soil was the dominant land cover class of 53%, 58 % 

and 56% next to less dense vegetation 32%, 28% and 31% in 1980, 2000 and 2020 respectively. 

This result reveals there is a decrease in dense vegetation by 2% that shift from 5% to 3% and 

an increase in less dense vegetation by 4% that shift from 28% to 31%. In 2020, the bare soil 

constituted the largest proportion while less dense vegetation was the second dominant coverage 

with a difference of 25%. This result is due to the expansion of population growth and the 

increments of human needs. Generally, the result indicates that dense vegetation and less dense 

vegetation have decreased while bare-soil and build up area had increased this may be due to the 

increment of population growth and high demand for agricultural production. 

Land Use Land Cover changes in the study area revealed that bare soil and build up areas 

increased from 1980 to 2020 in the last 40years while dense vegetation and less densed 

vegetation had decreased. A slight change in water bodies has been observed. They have 

remained almost similar in coverage. The slight change may be due to the construction of large 

reservoirs like Bamendjing reservoir on the Noun River.  

 

4.4 Reasons for Restoring the Mount Mbapit and Nkogam Lanscape  

The Mbapit-Nkogham Mountains (MNM) rise at the edge of the Foumbot plain and extend 

towards the Adamawa plateau. It is one of the sub watersheds that feeds the Mbam River and 

Sanaga River. The MNM is important for the following three main reasons. 

1. The MNM watersheds is the principal motor of the Noun market (horticulture) gardening. 

It is most probable that for this reason, the government of Cameroon with funding from 

Africa Development Bank launched the Mount Mbapit -Integrated Development Project. 

The Noun market gardening hub alongside the Mount Bamboutos market gardening hub 

constitute two most important market gardening hubs that feed not only the population of western 

Cameroon but the entire Cameroon population and also the countries of the subregion including 

Gabon, Congo, Republic Central Africa and Chad to a lesser extend Nigeria. The Noun market 

gardening hub is over 90 % dependent on the water coming from the Mbapit-Nkogam Mountains 

watersheds.  

2. The contribution of Mbapit-Nkogham mountains watershed to the Cameroon water sector 

is substantial. This watershed drains into the Noun River that contributes the principal 
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source of the Bamendjing Reservoir that feeds the Edea Power plant. Without the Edea 

hydro plant more than half of Cameroon economy will close down. 

3. The fishing economy in the Noun Division is dependent on the water coming from the 

Mbapit and Nkogam Mountains. The lakes Monoun and Bamendjing Reservoir drains to 

the River Noun that supply over 80 % of the fresh fish in Noun Division are fed 

essentially with water from the Mbapit- Nkogham Mountains and the River Noun. 

Moreover, the location of Mbapit-Nkogham Mountains makes it a good touristic 

destination in the Noun landscape full of Bamoun rich culture 

 

4.5 Discussions 

The Mbapit and Nkogam watershed exhibits a dendritic drainage pattern which is a common 

form of drainage pattern and looks like the branching pattern of tree roots. This type of drainage 

pattern develops in regions underlain by homogeneous geological material. The subsurface 

geology has similar resistance to weathering so there is no apparent control over the direction 

the tributaries take. The shape of a drainage pattern is depended on the topography of an area, 

the type of soil and bedrock, the climate, and vegetation cover which are very important 

components of a watershed. Dendritic drainage pattern is found where there are sedimentary 

rocks which are easily eroded. The drainage pattern of the Mbapit and Nkogam watershed is 

Dendritic as shown in figure 25. 

The spatial analysis was carried out to describe land cover change patterns and overall land-use 

changes over a period of 40 years from 1980 to 2020. Dense vegetation, less dense vegetation, 

bare soil and build up areas were the major land use and land cover classes of the study area. 

This result correlates with the one obtained by Belay & Mengistu in 2019 which worked on the 

assessment of the degradation of the watershed in the Upper Blue Nile Basin in Ethiopia. 

Nowadays the watershed area is being shifted from forest land to cultivated land which is 

consider as bare-soil in this study. 

4.6 Limitations of the study 

The limitations of this study are as follows 

➢ There is little or no published research on the area of study so as a result finding data to 

be used on the project was difficult and time costly. 
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➢ Another challenge was downloading the images to be used for the land use land cover 

assessment, most of the images had cloud cover which can be seen in the 2020 LULC 

map. To look for images without cloud cover or as minimum cloud cover was difficult. 

➢ The DEM data which was used to create the watershed was heavy and took longer to 

download even though the connection was moderate but still took a lot of time. 

➢ More so, searching for data online to be used on the project was another issue because 

even the little amount of research done on the study area is not found online. This is so 

because of negligence of most researchers who carry out research but don’t upload their 

findings on the internet for the world to read and affirm. 

➢ Moreover, treating the 1980 image was difficult because of the version of satellite 

available at the time. Pan sharpening of the image in order to make the image clearer was 

not possible because the image never the band eight as a result the image was not clear 

so classification of image was difficult and time consuming. 

➢ There was lack of adequate time to carry out research for the project. 

➢ There were little or no funds to go to the filed for research.   
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CHAPTER 5 

CONCLUSION AND RECOMMENDATION 

5.1 Conclusion 

This study focused on the case study of ecosystem restoration and a need for the water fund in 

the Nkogam and Mbapit mountains. The landscape is made up of 2 main rivers, the Noun and 

Mbam that flow into the Sanaga. The analysis of the DEM lead to the identification of 8 

watersheds around the Nkogam and Mbapit mountains. The land use/land cover for the years 

1980, 2000 and 2020 was assessed through the maximum likelihood algorithm. Five major 

classes namely bare-soil, build-up, less dense vegetation, dense vegetation and water plus the 

cloud cover (on 2020 image) were identified. In the Mbapit and Nkogam area there is a decrease 

in vegetation cover and increase in built up area and bare soil. Moreover, significant changes 

like a 2% decrease in dense vegetation from the year 2000 to 2020, a 3% increase in less dense 

vegetation from the year 2000 to 2020 and a 2% decrease in bare-soil from 2000 to 2020 has 

been observed during the period 2000 to 2020. The ongoing rapid degradation in this landscape 

may lead to detrimental consequences both on human beings and their living environment. To 

overcome this alarming situation, there is a need to put in place sustainable management 

approaches. Moreover, the management of this landscape will be effective if the different 

stakeholders accept to come together to form a management structure, which is a water fund that 

will ensure the sustainable finance and management of the watersheds of the Mbapit and 

Nkogam Landscape. 

 

5.2 Recommendation 

At the end of this study, the recommendations go to the: 

a) Government  

- Through the different sectorial ministry such as MINFOF, MINADER, MINEPDED, 

MINEPAT, the government should complete the development of the participatory land use 

planning procedure which will ease the implementation of the various restoration program 

- It should also integrate the watershed management approach in the legal framework.  
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b) NGO 

- To develop participatory landscape management program to assist in livelihood development 

and reduce degradation and deforestation as well. 

- To assist the government of Cameroon in the protection and restoration of key water catchments 

and streams in the Mbapit and Nkogam Landscape 

c) Local communities 

- To adopt alternative activities or new farming system having little or no negative impact on the 

ecosystem 

d) Researchers 

- To develop research projects to determine the socio economic characteristics of the landscape, 

biodiversity (wildlife) to link with the land use/land cover in order to predict the future land use 

change 

- To identify the different stakeholders involved in watershed management, their role in the 

landscape, their impact on the hydrological system and proposed orientation for the creation of 

a Mbapit and Nkogam mountains water fund 
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