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ABSTRACT 

Geographical Information Systems (GIS) and Remote Sensing, and their capability to capture, 

store, manipulate and display data, have found great utility in the analyses of any spatial 

phenomena with speed and accuracy anywhere on/above/below the earth surface. One such 

application is watershed conservation and management. This study demonstrates the role of spatial 

technology, in the identification, delineation of river channel network within watersheds, and flow 

direction maps from digital elevation models (DEMs), besides the analyses of impacts by human 

activities on land cover through land use practices within the Adamawa watersheds . The 

methodology involved, the downloading of SRTM, DEM generation, fill Digital Elevation Model, 

creation of the flow direction, flow accumulation, raster calculator, stream order, stream to feature, 

Watershed Pour Points creation, and watersheds delineate. The maps of the watershed were 

generated using the arc-tool box from the Arcgis sotfware.  Landsat  images of the years 2000 to 

2020 were downloaded and the normalized difference vegetation index (NDVI) was used as 

classification methods in detecting land cover and land use changes.. From this methodology, 

results obtained show that the adamawa landscape is made up of seven watersheds with  river Vina, 

river Benue, river ……, river ……and river …..being the main rivers in the area. The  

classification reveals that there is a decrease in vegetation cover (- xxx%) over the 2 decades. This 

shows the rapid degradation and deforestation going on in the Adamawa landscape which may 

have detrimental effect on lives of human beings. Therefore there is a need to put in place new 

restoration and conservation strategies to overcome the situation in order to meet the long term 

vision of the UN for ecosystem restoration...  

 

Key Words: GIS, Remote Sensing, Watershed, Water Fund, Management, Restoration, Ecosystem 

Restoration 
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RESUME 

Les systèmes d'information géographique (SIG) et la télédétection, et leur capacité à capturer, 

stocker, manipuler et afficher des données, ont trouvé une grande utilité dans l'analyse de tout 

phénomène spatial avec rapidité et précision, n'importe où sur/au-dessus/au-dessous de la surface 

terrestre. L'une de ces applications est la conservation et la gestion des bassins versants. Cette 

étude démontre le rôle de la technologie spatiale dans l'identification, la délimitation du réseau de 

canaux fluviaux dans les bassins versants, et les cartes de direction de l'écoulement à partir de 

modèles numériques d'élévation (MNE), en plus de l'analyse de l'impact des activités humaines 

sur la couverture des terres à travers les pratiques d'utilisation des terres dans le bassin versant de 

l'Adamawa - un contributeur majeur au lac Mbakaou. La méthodologie a impliqué la génération 

du MNE, le remplissage du modèle d'élévation numérique, la création de la direction du flux, la 

création de l'accumulation du flux, la calculatrice matricielle, l'ordre des cours d'eau, le passage 

des cours d'eau aux caractéristiques, la création des points de versement du bassin versant et la 

délimitation des bassins versants. Les cartes du bassin versant ont été générées à l'aide des boîtes 

arc-tools du logiciel Arcgis. L'indice de végétation par différence normalisée (NDVI) est l'une des 

principales méthodes de classification largement utilisées pour détecter les changements de 

couverture et d'utilisation des sols. Dans ce but, deux images Landsat TM de 2000 à 2020 sont 

utilisées pour extraire les valeurs NDVI. Les valeurs NDVI sont initialement calculées en utilisant 

la méthode des ruptures naturelles (Jenks) pour classifier la carte NDVI. Après le traitement des 

images Landsat, le résultat de la classification des valeurs de l'eau pour les années 2000 et 2020 

était de -18,42%, de 102,59% pour l'absence de végétation et de -72,14% pour la végétation. Les 

résultats comprennent une carte hydologique et une carte de la direction du flux des différents 

bassins versants pour la visualisation des caractéristiques du bassin versant. Il a été observé que le 

plateau d'Adamawa est composé de sept bassins versants. Les SIG et la télédétection sont des outils 

qui aideront à la prise de décision pendant la gestion et les processus de changement de la 

couverture et de l'utilisation des terres. Les conclusions apprécient et reconnaissent l'importance 

des technologies spatiales dans la gestion des bassins versants et recommandent leur utilisation 

dans le développement des outils de gestion des bassins versants. 
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Restauration de l'écosystème 
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CHAPTER 1: 

INTRODUCTION 

 

I-CONTEXT AND JUSTIFICATION 

The world’s forest environments cover 31 % of the Earth’s total land area that is more than four 

billion hectares (Global Perspective, 2011). Deforestation and forest degradation continue to take 

place at alarming rates in the world, which contributes significantly to the ongoing loss of 

biodiversity. Since 1990, it is estimated that some 420 million hectares of forest have been lost 

through conversion to other land uses. The area of primary forest worldwide has decreased by over 

80 million hectares since 1990 (FAO, 2020). 

In Africa, between three and five million hectares of tropical forests disappear each year, an area 

greater in size than the country of Togo and larger than several European countries (FAO, 1996). 

Compared with other regions, Africa has been the most affected with an annual deforestation rate 

of 0.7 percent (Marcoux, 2000).  

Cameroon’s forest resources are estimated to be about 22 million hectares. The forest contains an 

estimated 1.5 billion m  of timber. Unfortunately, about 200,000 hectares are lost annually and 

over 40 species of wildlife are threatened with extinction (WRM, 1999). The pressure exerted on 

natural resources by high populations and growing poverty has had effects that go beyond those 

natural resources. Deforestation is accompanied by soil erosion, crop destruction, water and fuel-

wood shortages observed on a small scale and the risk of climate change on a larger scale (UNDP-

Cameron, 1998).  

The Adamawa’s Mountain Forest ecosystem has been shaped greatly by man. It was once highly 

forested, but repeated bush burning and cattle trampling have changed the terrain. The modern 

dominant biome is a wooded savannah (Letouzey, 1968, 1985; White, 1983) although 

combined anthropogenic pressures today (including fire, crop cultivation and grazing) have 

led to its degradation to more open herbaceous vegetation in turn inducing increased soil 

erosion leading to unhealthy sediments and nutrients which enter into drinking water 

sources affecting humans and aquatic organisms such as fish, amphibians, reptiles etc. In 

the South, this is Guinean savanna, a transitional zone between Cameroon's forested south and 
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desert north. In addition, the southwestern half of the Mayo-Banyo division is a more heavily 

forested woodland savanna. (Nja , 2020). 

The Adamawa Plateau is the first tower in Cameroon supplying water  which feeds about 15 

million of the habitants, since a large number country’s rivers rise in the area. If this area is 

not protected or conserved, lives of millions of people living in the 10 regions of Cameroon 

will be at risk. There is an urgent need to mobilize maximum efforts and resources to halt 

and avoid future negative consequences for the forest ecosystem in Cameroon. Such efforts 

may require the expansion of the scope and management of natural resources to involve 

non-traditional actors of the domain: that is, by promoting the participation of all 

stakeholders involved in natural resource management at all levels.  This has not really been 

the case in the past. 

 

II-Problem statement  

Globally, forests have suffered unprecedented destruction due to unsustainable exploitation and 

management of resources. Poor management systems, combined with an intensification of forest 

use, have led to forest degradation and loss at a rate of about 13.5 million hectares per year. For 

the people living near forests, these play a social, cultural and economic role. Mountain forest 

ecosystem restoration has been a major concern in Cameroon over the last decades in areas like 

the Adamawa mountain, Bamboutos mountain, Mandara mountain just to name a few. Factors 

responsible for the problems face by mountain forest ecosystem include degradation and 

deforestation. To address thees threats, the government of Cameroon through MINFOF have so 

far tried different conservation approach such as the creation of National Parks, like the Mbam and 

Djerem and Valley of Mbere National Parks. Not also leaving out the efforts of NGOs like 

ERuDeF in this fight through forest restoration. One major problem is land degradation due to 

excessive exploitation of land, hunting, clearing fertile land for settlement, slashing and burning 

the trees for agriculture. Also, Massive deforestation for agricultural purposes has contributed to 

increasing seasonality of streams. This is because forest clearance has reduced infiltration and 

consequently the recharge of groundwater. Delayed recharge of groundwater has widened the flow 

gap between low and high water of streams. Closely linked to this is, the element of grazing, 

especially in the cattle grazing area of the Adamawa which is the main watershed of Cameroon. 

Most water points for cattle have disappeared over the years and the streams have become highly 

seasonal because of increased evaporation. The trampling effect of grazing animals makes the soil 

less porous and thus less able to absorb water, especially during rainy season (Lambi 2001). The 

constructions of dams and water-diversion systems such as the Lom Pangar dam, blocks migration 

routes for fish and disrupts fresh water habitats down streams. More so, there is limited information 

on the hydrological system of the area and the rate of degradation in the area. It is in this context 

that we have decided to point out the use of GIS and Remote Sensing in ecosystem restoration in 

the Adamawa Landscape.  
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From the above-mentioned problems encountered in the area as a result, the following question 

unfolds.  

 

 

III-RESEARCH QUESTIONS 

MAIN QUESTION 

What is the actual state of the ecosystem in the Adamawa landscape? 

 

SPECIFIC QUESTION 

- What is the structure of the hydrological system of the Adamawa plateau landscape?  

- What are the different watersheds of the Adamawa plateau landscape? 

- What is the rate of degradation of the Adamawa plateau landscape during the past 2 

decades? 

 

IV - OBJCTIVES 

MAIN OBJECTIVE 

To contribute to the restoration of the Cameroon degraded mountains through the characterization 

of the various watershed and the assessment of the degradation rate. 

  

SPECIFIC OBJECTIVES 

- To produce a map of the hydrological system of the Adamawa plateau landscape and 

where they empty themselves.  

- To identify all the watersheds of the Adamawa plateau landscape. 

- To assess the rate and state of degradation of the Adamawa plateau landscape and the 

potential sites for restoration. 

V - HYPOTHESIS 

- MAIN HYPOTHESIS 

Over 60% of the Adamawa plateau landscape have been completely converted from forest land 

to non -forest area and the hydrological system was not clearly defined. 

SPECIFIC HYPOTHESIS 

- There are about seven watersheds found in the entire Adamawa plateau landscape. 
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- Major rivers of the Adamawa plateau landscape drain into the Atlantic ocean 

- About 70% of the Adamawa plateau landscape has been degraded over the past 2 

decades.  

 

VI-EXPECTED RESULTS 

- Map of Adamawa plateau landscape hydrological system produced. 

- The map of different watersheds in the Adamawa plateau landscape produced. 

- Land use map of the Adamawa plateau Landscape developed. 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 2: THEORITICAL MODELING 

2.1 Concept and definition  

Geographic information system (GIS) 

Geographic information systems are used to collect, store, analyze, disseminate and manipulate 

information that can be referenced to a geographical location. GIS applications are tools that allow 
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users to create interactive queries, analyze spatial information, edit data in maps, and present the 

results of all these operations. Landscape processes, habitat evaluation, characterization of 

disturbance regimes, analysis of forest structure and function in spatial domain, are the areas where 

GIS works as a powerful tool to undertake integrated analysis. It provides the way to overlay 

different layers of data like the ecological conditions, the actual vegetation physiognomy and 

human pressure indices in order to determine biodiversity status and past as well as present maps 

for monitoring biodiversity (Yadav et al., 2013). 

Remote Sensing 

 Is the process of detecting and monitoring the physical characteristics of an area by measuring its 

reflected and emitted radiation at a distance from the targeted area? Special cameras collect 

remotely sensed images of the Earth, which help researchers "sense" things about the Earth 

(USGS). 

According to Canadian Remote Sensing Centre, "Remote sensing is the science (and to some 

extent, art) of acquiring information about the Earth's surface without actually being in contact 

with it. This is done by sensing and recording reflected or emitted energy and processing, 

analyzing, and applying that information. 

 

 

Watershed 

A watershed, also known as basins or catchments, is defined as natural Hydrologic entity that 

covers a specific area of land surface from which rainfall runoff flows to a defined drain, channel, 

stream or river at any point (UNEP, 1990)”. 

 

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.  
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Ecosystem 

 The term ‘ecosystem’ was proposed by a British ecologist A.G. Tansley in the year 1935. The 

ecosystem represents the basic functional unit of ecology which comprises of the biotic 

communities mutually related with their non-living or abiotic environment. Thus, a biotic 

community and its abiotic environment together represent an ecosystem. Ecosystem, therefore, 

includes both the living organisms (biotic community) and the non-living environment (abiotic 

environment) which are inseparably inter-related and interact upon each other (Tansley, 1935.) 

Ecosystem Restoration 

Ecosystem Restoration is defined as “a process of reversing the degradation of ecosystems, such 

as landscapes, lakes and oceans to regain their ecological functionality; in other words, to improve 

the productivity and capacity of ecosystems to meet the needs of society. This can be done by 

allowing the natural regeneration of overexploited ecosystems or by planting trees and other 

plants” (UNEP, 2019). 

Forest 

 “Forest is a minimum area of land of 0.05-1.0 hectares with tree crown cover (or equivalent 

stocking level) of more than 10-30 per cent with trees having the potential to reach a minimum 

height of 2-5 metres at maturity in situ. A forest may consist either of closed forest formations, 

where trees of various storeys and undergrowth cover a high proportion of the ground, or open 

forest. Young natural stands and all plantations which have yet to reach a crown density of 10-30 

per cent or tree height of 2-5 metres are included under forest, as are areas normally forming part 

of the forest area which are temporarily unstocked as a result of human intervention such as 

harvesting or natural causes but which are expected to revert to forest. (UNFCCC2001). 

Deforestation 

Deforestation refers to the decrease in forest areas across the world that are lost for other uses such 

as agricultural croplands, urbanization, or mining activities. Greatly accelerated by human 

activities since 1960, deforestation has been negatively affecting natural ecosystems, biodiversity, 

and the climate. The UN’s Food and Agriculture Organization estimates the annual rate of 

deforestation to be around 1.3 million km2 per decade. 

Degradation 
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A degraded forest is a secondary forest that has lost, through human activities, the structure, 

function, species composition or productivity normally associated with a natural forest type 

expected on that site. Hence, a degraded forest delivers a reduced supply of goods and services 

from the given site and maintains only limited biological diversity. Biological diversity of 

degraded forests includes many non-tree components, which may dominate in the under-canopy 

vegetation. 

Basin 

A basin is a depression, or dip, in the Earth's surface. The major types of basins are river drainage 

basins, structural basins, and ocean basins. River Drainage Basins. A river drainage basin is an 

area drained by a river and all of its tributaries. A river basin is made up of many different 

watersheds. 

2.2 Literature Review 

 

a) Restoration, conservation and sustainable use of natural resources 

On 1 March 2019, under Resolution 73/284, the United Nations General Assembly proclaimed 

2021–2030 to be the United Nations Decade on Ecosystem Restoration (hereafter referred to as 

the UN Decade), with the primary aim being to prevent, halt and reverse the degradation of 

ecosystems worldwide. All initiatives within the UN Decade will consequently have a dual focus 

on protecting as well as restoring ecosystems. The local social, economic and ecological context 

of each initiative will determine the appropriate balance of conservation and restoration in a 

particular landscape. Integrated land-use planning, undertaken in a rights-based manner, where all 

stakeholders are informed of the full range of benefits to be gained through conservation, 

restoration and sustainable use of natural resources in their local ecosystems, assists in achieving 

this balance. Wherever the term restoration is used in the text below, it refers to this type of 

planning as well as subsequent actions in the ecosystems concerned. 

In the context of the UN Decade, ecosystem restoration encompasses a wide continuum of 

activities that contribute to protecting intact ecosystems and repairing degraded ecosystems1. Such 

activities include, for example, enhancing organic carbon in agricultural soils, increasing fish 

stocks in overfished zones, remediating polluted sites, restoring ecological processes, restoring 

biodiversity and conserving fauna and flora that can assist in the restoration process. The scale of 
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these activities can range from a few hundred meters to thousands of kilometers, depending on the 

societal actors and ecosystems involved. Crucially, restoring ecosystems increases the supply and 

quality of ecosystem services over time towards desired outcomes supporting national sustainable 

development priorities. The resolution highlights that the numerous benefits accruing from this 

process can play a major role in achieving the objectives of the 2030 Agenda for Sustainable 

Development and its associated UN Decade of Action. These include; ending poverty, conserving 

biodiversity, combating climate change and improving livelihoods for everyone, everywhere. 

Indeed, efficient and sustainable ecosystem restoration, complemented by conservation of 

ecosystems, is uniquely able to make major contributions to all 17 Sustainable Development Goals 

(SDGs)2 across the world’s agricultural areas, and its mountains, forests, wetlands, coastlines and 

oceans. Ecosystem restoration will in particular support Life Below Water (SDG 14) and Life on 

Land (SDG 15) by enhancing the quality and area of habitats for wildlife. These habitat 

improvements will in turn help societies mitigate and adapt to climate change (SDG 13), improve 

the health of societies in rural and urban environments (SDGs 3, 11), and increase the supplies of 

clean water (SDG 6) and sustainable food (SDG 2, 12). Investments in restoration that adhere to 

principles of gender equality and restorative justice3 will also provide and improve: work 

opportunities and income streams (SDGs 1, 5, 8, 10, 16); and cross-sectoral collaboration, learning 

and innovation on the use of ecosystem goods and services (SDGs 4, 7, 9, 17). All of these effects 

will assist countries in resolving conflicts over natural resources and reduce the need for 

communities to migrate as a result of such conflicts. Lastly, and strongly aligned with 2030 

Agenda, realizing the human rights of all people, including for example the local communities and 

indigenous peoples living in many of the ecosystems requiring conservation and restoration, will 

be central to all activities of the UN Decade. 

b) Participatory Watershed Management as a concept 

Water resource management presents complex challenges since it is a common-pool resource that 

links multiple ecosystems and user groups. There has been a marked shift from traditional technical 

approach towards focusing water resource management on the watershed scale to account for these 

complexities (Lisa, 2007). This shift has led to the emergence of watershed conservation groups 

and to the increased importance and recognition of participatory management of common-pool 

resources. As already mentioned in chapter one, PWM is a management approach that seeks to 

engage the public in the decision-making process (Rowe et al 2000 and Conley et al 2003). 
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Similarly, according to Sharma (1999) sustainable integrated watershed management is defined as 

a process of utilization, development and conservation of land, water and forest resources for 

continually improving livelihoods of communities in a given hydrologically independent 

geographic area. FAO (2002) further stresses that watershed management is a coordinating 

framework for management that attempts to focus public and private, community and individual 

efforts toward addressing high priority land and water-related issues within a hydrologically 

defined geographic area. PWM is therefore, geared towards the management of natural resources 

in a given watershed that enable communities to overcome problems and gain more control over 

their livelihoods. It places local people in the development process as 'stewards' of the 

environment. The concept gained recognition due to the pattern of failures observed in past top-

down methods used by the public sector to implement watershed management projects in which 

communities were fewer passive recipients of external interventions (Lisa, 2007). These failures 

have fostered a more serious recognition that success depends upon enhancing communities’ 

inherent abilities to apply and adapt new and indigenous technologies. 

Overall, local institutions should be involved to manage and conserve natural resources. Attention 

to PWM is increasing across the developing world as soil erosion continues to degrade agricultural 

land, while dams, reservoirs and irrigation infrastructure continue to be clogged with sediment 

(Abdelsalam, 2008). The broader view through participatory management of watersheds (basins 

and catchments) is to capture dimensions and societal issues that are not normally included in a 

land use planning and management (Budumuru et al, 2006). These include causes of natural 

resource degradation and related land use activities. The importance of PWM is therefore to ensure 

that use and modification of water resources, land-based activities at catchments do not undermine 

the function of ecosystems and other resources. Participatory approach of water resource 

management is one of the principles of the Dublin convention which requires water development 

and management be based on involvement of all users, planners and policymakers at all levels 

(GWP, 2000). It further aims at managing the land and water resources of drainages in a manner 

that sustains adequate levels of water, soil and fiber production (FAO/FORC, 2003). In the context 

of LVB and its catchments, it therefore requires an approach that inculcates the core values of the 

EAC vision with real actions on the ground. To achieve proper management of the basin and its 

catchments, efforts are therefore required for regional coordination as well as planning at national, 
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district and local levels. More important, direct involvement of local communities as demanded 

by the principles of PWM. 

 

c) Key elements of participatory watershed management 

This section culls out the key elements of participatory processes that are considered essential for 

watershed management. There is recognition that traditional top-down, supply led, technically 

based and sectoral approaches to watershed management are imposing unsustainably high 

economic, social and ecological costs on societies and environment (Sharma, 1999). The concept 

of PWM as one of its elements emphasizes inter-disciplinary and multi-institutional mechanisms. 

This implies that watershed management is an inter-disciplinary field which requires the 

performance of different disciplines, cooperation and coordination among all concerned actors 

(FAO, 2002). It provides opportunities for stakeholders to bring forward and jointly negotiate their 

interests, set priorities, evaluate opportunities, implement and monitor the outcomes (Wani et al, 

2005). It further emphasizes and gives priority for inclusion of stakeholders at all levels and steps 

of the participation process, e.g., decision making, planning, design and implementation with all 

concerned stakeholders. According to Rowe et al (2000) the inclusion of the broader public at 

different stages of the decision-making process e.g., defining the problem of designing and 

implementing solutions is beneficial since it builds trust, taps local knowledge and creates a feeling 

of ownership. Therefore, the elements of PWM are considered highly important since community 

members, government officials, and planners work together to identify and understand the various 

biophysical and socio-cultural elements in a watershed. They then together develop strategies for 

building locally controlled and self-reliant solutions that are closely tied to the use and 

sustainability of the resources in a watershed. Therefore, stakeholder participation and 

involvement in the decision-making process is guaranteed in PWM. In a way, it empowers local 

communities to be active participants regarding preferred policy options, decision-making process. 

This is an evolution away from technocratic based decision making in conventional watershed 

management. These elements have been implemented in a variety of similar policy domains 

ranging from the cleanup of nuclear weapons facilities to ecosystem management, species and 

habitat restoration. This can be achieved in watershed management as long as local communities 

are fully involved. 
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d) Challenges in adopting participatory watershed management (PWM) 

Although PWM is considered highly important in basin and catchment management, it has got 

several weaknesses. First is the time and effort needed to involve stakeholders in an attempt to 

gain a consciousness on the issues of watershed management. The disadvantage is that PWM 

demands a lot of time, as well as local willingness to participate (Andersson et al, 2008) and 

especially negotiating the practical issues may prove to be very difficult. GWP (2008) further 

noted, while the participatory process is essential to build participants knowledge however, it 

requires ample time and patience to build the necessary trust. There are always conflicting 

demands on the part of the stakeholders since different groups represent different interests and 

reaching consensus may be difficult. Once again, this may require a lot of time. Bellamy (2002) 

further stated that during consultations, people unable to attend meetings sent representatives but 

their stand-ins may not be empowered to make any decisions. He argues that often a different 

person each time attends meetings, thus continuity and consistence in understanding the issues 

being discussed becomes a problem. Such meetings rarely lead to resolutions of any issues or 

decisions that could effectively facilitate problem-solving outcomes. There is often a problem of 

power relations when implementing PWM. It is difficult to engage different types of stakeholders 

that have different power to influence issues pertaining to natural resource management since they 

have got different interests. In societies like the ones in the riparian countries where majority of 

the population is poor, most of the decision making can easily be influenced by those who are 

better off and well connected than the poor. In addition, women in this regard may not have their 

voices heard as most of the decisions in the society are still dominated by men even though women 

are more directly involved in resource exploitation. More often there are inadequate resources to 

carry out PWM, the involvement of all stakeholders can be cumbersome and resources may be 

stretched in terms of mobilizing the different interest groups to participate. In developing countries 

and especially the riparian countries, such resources are always a problem as the governments may 

neither give priority nor have the necessary funds needed to involve all the stakeholders. This 

therefore, hinders the process of actually participation of the local people and involvement of all 

stakeholders. 

e) Attempts to implement PWM 
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Despite the challenges of PWM, there have been considerable attempts to introduce and implement 

PWM in different parts of the world. Many of the initiatives of PWM implementation have 

registered success for instance in Latin America, implementation in the highlands of Costa Rica 

and Colombia (Perez et al, 2003). The Fundación de la Cordillera Volcánica Central is cutting 

across traditional lines to promote better land management by involving local communities in 

Costa Rica. On a larger scale are the ambitious and successful attempts of the Corporación del 

Valle del Cauca in Colombia. In Africa examples include catchment management in Mali, Malawi, 

Senegal, Zambia, South Africa and Madagascar GWP (2008) while in Asia and Oceania examples 

are found in India and Australia. 

In all the catchments mentioned, the approach of PWM has mobilized communities and laid the 

foundation for improved community participation in watershed management. It has also facilitated 

stakeholders to get together, promoted sharing of resources and helped to build consensus on 

watershed management problems. For instance, in Australia, there has been a shift in catchment 

management from government as administrator of policy on behalf of communities’ as passive 

recipients, to government as ‘enabler’ and ‘facilitator’ to support a more empowered community 

that articulates catchment strategies (Bellamy et al, 2002). More so, Indo German micro watershed 

development in 20 districts of Maharashtra in India has similar results (Farrington et al, 1997). 

These examples of PWM are easily replicable and represent a significant step forward. 
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CHAPTER THREE: RESEARCH METHODOLOGY 

 

3.1 Description of the study area 

3.1.1. Location of the study area 

The Adamawa plateau is a band of terrain that ranges from 1,000 to 2,000 m in altitude 

(averaging about 1,100 m) and stretches from Nigeria to the Centre African Republic. 

Altitude dips to as low of 500 m in the Djerem and Mbere valleys and at the border north of 

Ngaoundere. Though the plateau is chiefly in north-central Cameroon, the part of it known 

as the Gotel Mountains is in southeastern Nigeria. The Adamawa plateau forms part of the 

Cameroon Volcanic Line and is characterized by numerous lakes extending east of the 

Central African Republic and southwest-ward to the western Cameroon Highlands and the 

Atlantic coastal plain. The area is located at the transition between the humid equatorial 

climate to the south and the tropical dry Sudano – Sahelian climate to the north. The 

Adamawa Plateau include five Sub Divisions: 

1. Djerem, with its headquarters at Tibati 

2. Faro et Deo, with its headquarters in Tignere 

3. Mayo Banyo, with its headquarters in Banyo 

4. Mbere, headed from Meiganga 

5. Vina, governed from Ngaoundere 
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Figure 2: Map of the study area  
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3.1.2. Relief 

Powerful geothermal forces have shaped the Adamawa. The regions begin to the south as part of 

the South Cameroon Plateau. The land rises gently but unevenly until about 6 degrees latitude. 

Here begins the Adamawa Plateau, a band of terrain that ranges from 1,000 to 2,000 m in altitude 

(averaging about 1,100 m) and stretches from Nigeria to the CAR. Altitude dips to as low of 500 m 

in the Djerem and Mbere valleys and at the border north of Ngaoundere. The plateau continues to 

about 8 degrees north before descending to the Benue Depression in abrupt cliffs and active 

volcanoes (though this transitional zone is mostly in the North Region). Faults also cut across the 

area, the major one being the Cameroon Fault, dating from the Cretaceous Period. The Mbang 

mountains follow this fault in a rough cut toward the east. Other mountains dot the province, as 

well. The Mambilas stretch into the extreme southwest from Nigeria and the Northwest and West 

Provinces. The Gotels are north of these along the border with Nigeria. All of these mountains 

form part of the Cameroon Ridge. Tchabal Mbabo, in the Gotels, is the highest peak at 2,460 m. 

 

3.1.3. Climate 

The region high elevation lends it a relatively cool climate average between 22 and 25 degrees 

Celsius. However, specific conditions vary between the South Cameroon and Adamawa Plateaus. 

The former experiences an equatorial climate of the Guinea type with four seasons: a long, dry 

period from December to May, a short, wet period from May to June, a short, dry season from July 

to October, and finally a long, wet season from October to November. The climate of the Adamawa 

Plateau is classified as tropical of the Sudan type. It has only two seasons; November begins the 

dry period, and April the wet. Rainfall here averages 900 to 1,500 mm per year and decreases 

further north. May and June are the wettest, with occasional tornadoes; August is another rainfall 

peak. In addition, temperatures dip from November to January, as conditions similar to those that 

cause winter in temperate climes take at least a tentative hold. Temperatures rise due to 

the Harmattan beginning in January, reaching a high in April. Torrential rains in May and June 

bring temperatures down once again. A third climate type characterizes the Adamawa's southwest 

corner (most of the Mayo-Banyo division). This region experiences an equatorial climate of 

the Cameroon type. Rainfall is within 1,500 to 2,000 mm with a long dry period followed by a 

long-wet period. 

https://en.wikipedia.org/wiki/South_Cameroon_Plateau
https://en.wikipedia.org/wiki/6th_parallel_north
https://en.wikipedia.org/wiki/Adamawa_Plateau
https://en.wikipedia.org/wiki/8th_parallel_north
https://en.wikipedia.org/w/index.php?title=Benu%C3%A9_Depression&action=edit&redlink=1
https://en.wikipedia.org/wiki/Fault_(geology)
https://en.wikipedia.org/wiki/Cameroon_Fault
https://en.wikipedia.org/wiki/Cretaceous_Period
https://en.wikipedia.org/w/index.php?title=Mbang_Mountains&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Mbang_Mountains&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Cameroon_Ridge&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Tchabal_Mbabo&action=edit&redlink=1
https://en.wikipedia.org/wiki/Equatorial_climate
https://en.wikipedia.org/w/index.php?title=Guinea-type_climate&action=edit&redlink=1
https://en.wikipedia.org/wiki/Tropical_climate
https://en.wikipedia.org/w/index.php?title=Sudan-type_climate&action=edit&redlink=1
https://en.wikipedia.org/wiki/Tornado
https://en.wikipedia.org/wiki/Harmattan
https://en.wikipedia.org/w/index.php?title=Cameroon-type_climate&action=edit&redlink=1
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3.1.3. Vegetation 

The vegetation is dominated by savannah species such as Annona senegalensis, Antidesma 

venosum, Bridelia ferruginea, Cussonia barteri, Entada africana, Lannea kerstingii, Maytenus 

senegalensis and Terminalia glaucescens. Sterculia tragacantha, a semi-deciduous forest species, 

is also occasionally present (Tchotsoua, 2005). The endangered toad Amietophrynus djohongensis 

is known to exist in the wild only in the Cameroonian part of the Adamawa Plateau (Darrel, 2015). 

The plateau is also an Important Bird Area with about 525 bird’s species including 13 species 

which are globally threatened (Birdlife, 2016). 

 

3.1.4. Soil 

Soils are mostly made up of brown or brownish-red laterites, the result of the annual shift between 

dry and wet conditions and soil wash on the mountains. Iron and aluminum content is high, which 

causes hardpans, duricrust, or cuirasses to form near the surface due to oxidation. The soil of the 

Lom valley is a lightly evolved composition of raw materials, as is that directly northwest of the 

Mbakaou Reservoir and directly west of the Faro River. The extreme northwest of the province 

has ferruginous soil instead, and many of the province's mountains, including the Gotels and 

Mambilas, contain mixtures of several soil types. 

 

3.1.5. Drainage  

The Adamawa is sometimes dubbed the "water tower" of Cameroon, since a large number of the 

country's rivers rise in the area. All of these falls into a tropical regime, with a period of high water 

from May to September during the rainy season, and a period of low water – or even complete 

dryness – from October to April. Some of these are subject to seasonal flooding as well, such as 

the Djerem in the area of the Mbakaou Reservoir. The region’s rivers fall into three different 

basins: those that ultimately flow into the Niger River, to Lake Chad, and to the Atlantic Ocean. 

The Mayo Deo River rises in the Gotel Mountains and then flows into the North region. The Faro 

River begins a short distance east of the Mayo Deo but follows a wide, arcing course east and north 

between the Vina division and the Faro and Deo division before entering the North region (the two 

rivers eventually join). Two major rivers lie in the Chad basin. The Mbere rises north of the town 

of Meiganga and then flows northeast toward the border with the North Region and the Central 

Africa Republic. The headwaters of the Vina River flow just north of Ngaoundere before the river 

https://en.wikipedia.org/wiki/Laterite
https://en.wikipedia.org/w/index.php?title=Soil_wash&action=edit&redlink=1
https://en.wikipedia.org/wiki/Iron
https://en.wikipedia.org/wiki/Aluminium
https://en.wikipedia.org/wiki/Hardpan
https://en.wikipedia.org/w/index.php?title=Duracrust&action=edit&redlink=1
https://en.wikipedia.org/wiki/Cuirass
https://en.wikipedia.org/wiki/Oxidation
https://en.wikipedia.org/w/index.php?title=Ferruginous_soil&action=edit&redlink=1


THE CONTRIBUTION OF GIS AND REMOTE SENSING IN ESTABLISHING THE CASE FOR ECOSYSTEM RESTORATION IN THE ADAMAWA PLATEAU AND A NEED 

FOR A WATER FUND. 

 

18 

 

enters the North region. These two rivers eventually merge to form the Logone River. The Mbam, 

Kim, and Djerem are the major rivers of the Atlantic basin. The Mbam and Kim both rise in the 

southwest before flowing into the Centre Region. The Djerem forms in eastern and western 

branches, which converge at the Mbakaou Reservoir. The river then flows south into the East 

region. Due to the reservoir (which holds two million cubic meters of water), the Djérem forms an 

important source of hydroelectric power for Cameroon. Finally, the Lom rises about 60 km east of 

Meiganga before flowing south into the East Region. The Djerem eventually becomes the Sanaga 

River, and these other rivers ultimately empty into it. A long history of volcanism has also created 

a number of crater lakes in the region, the results of collapsed volcanoes filling with water. Among 

the most well-known are Lakes Tison (Tyson, Tisson) and Mbalang near Ngaoundere. 

 

3.1.6. Agriculture 

Nearly all farming in the region is done at the sustenance level. Millet is the mainstay, 

though maize, and cassava are also important. Other crops, grown in smaller quantities, 

include cocoyams, yams, and groundnuts. The Gbaya, Mbum, and Dourou are the region's 

most prolific farmers, though even the herdsmen farm in the rainy season. Farms are 

typically small plots that are cleared or burned out of the brush and then planted during t he 

dry season. Crops grow during the rainy season, when they are harvested. Because the dry 

season is so long, crops must be preserved, so most are transformed into grain, which is 

pounded by hand with mortar and pestle. Cash crops play a small role in the region's 

economy. SODEBLE grows wheat on 100 km² at Wassande, near Ngaoundere. The 

southwestern Mayo-Banyo division also has some coffee plots. Other interests have 

established groundnut, millet, and wheat plantations in recent years.  

 

3.2- Data collection 

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

secondary sources.  
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3.2.1 Secondary data 

Secondary data were obtained from both published and unpublished documents on ecosystem 

restoration and watersheds. Documents like text books, journals, articles, data from internet 

sources and the use of maps among others were equally visited.  

 

3.2.2 Primary Data Collection 

They are data collected in the field through GPS and field surveys. These surveys were 

carried out among the population through questionnaires, to know the state of degradation 

and deforestation. 

- Production of a map of the hydrological system of the Adamawa Plateau and 

where they empty themselves: the use of GPS to collect the geographical coordinates 

of the different rivers found in the landscape, while the tracing of the rivers to the empty 

themselves will be obtain through the acquisition of google earth images.  

- Identification of all the watersheds of the Adamawa Plateau: in order to identify 

the watershed, the data used in this study is the Shuttle Radar Topographic Mission 

(SRTM) image, downloaded from the NASA website using 

http://dds.cr.usgs.gov/srtm/. It is a Digital Elevation Model (DEM).  

- Evolution of the land use land cover since 2000:  the downloading of data for image 

processing was done on earth explorer. Satellite images of the study area for the years 

2000 and 2020 were downloaded. The various land use types were identified using 

Google Earth and geographical coordinates were registered. 
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3.3 Data analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Flow for the production of hydrological system map 
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Figure 4: Flow chart for the production of watershed map  
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The DEM is the base from which a watershed is delineated. This is achieved through the 

hydrological extension of the ArcGIS platform. It requires the right hardware in terms of capacity. 

The hardware should be checked whether it meets the specifications, since a DEM takes a lot of 

computer storage space and requires a computer with a favorable processing speed. In this case a 

computer with the following specifications was used; Windows 10 Pro, 64-bit, Core™ i5-1135G7, 

Processor, CPU @ 2.40 GHz, to generate a DEM for the Adamawa Plateau area from which the 

area of study was shown in Figure 5 below. 

 

 

Figure 5: DEM of the study area 

 

 

 



THE CONTRIBUTION OF GIS AND REMOTE SENSING IN ESTABLISHING THE CASE FOR ECOSYSTEM RESTORATION IN THE ADAMAWA PLATEAU AND A NEED 

FOR A WATER FUND. 

 

23 

 

 

3.3.2 Watershed Delineation 

A watershed, also known as basins or catchments, was physically delineated by the area upstream 

from a specified outlet point. Watersheds can be delineated both manually on paper maps and 

digitally in a GIS environment through the hydrology extension. The process of delineating the 

Adamawa watershed from the DEM included the following procedures; Fill Digital Elevation 

Model, Create Flow Direction, Create Flow Accumulation, Raster Calculator, Stream order, 

Stream to Feature, Create Watershed Pour Points, and Delineate Watersheds. 

3.3.3 Filling the DEM 

The ‘Fill’ tool in the ‘Hydrology toolbox’ in Esri ArcGIS was used to remove any imperfections 

known as sinks in the digital elevation model. A sink is a cell that does not have a defined drainage 

value associated with it. Drainage values indicate the direction that water will flow out of the cell, 

and are assigned when creating a flow direction grid for the landscape covered by the DEM. The 

resulting drainage network depends on finding the 'flow path' of every cell in the grid, so it is 

important that the fill steps be performed prior to creating a flow direction grid. The filled DEM 

was computed and added to the map as shown in Figure 5. There is a slight change to the values 

which is because the ‘Topo to raster tool’ in ArcGIS generates a hydrologically correct DEM. 



THE CONTRIBUTION OF GIS AND REMOTE SENSING IN ESTABLISHING THE CASE FOR ECOSYSTEM RESTORATION IN THE ADAMAWA PLATEAU AND A NEED 

FOR A WATER FUND. 

 

24 

 

 



THE CONTRIBUTION OF GIS AND REMOTE SENSING IN ESTABLISHING THE CASE FOR ECOSYSTEM RESTORATION IN THE ADAMAWA PLATEAU AND A NEED 

FOR A WATER FUND. 

 

25 

 

 

Figure 6: Filling of DEM 

 

 

 

 

 

 

 

 

3.3.2 Creating a flow direction  

Direction of flow must be known for each cell, because it is the direction of flow that determines 

the ultimate destination of water flowing across the surface of the generated DEM. This is 

generated from the ‘filled DEM’ through the GIS platform using ‘Flow Direction tool’ in ArcGIS 

environment as shown in Figure. 7(a) and (b) below. 
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                         (a) 

 

 

                                                                                                                     (b) 

 

Figure. 7. Flow direction map of Adamawa 

The numbers in the flow direction layer in Figure 6(b) are generated automatically by the system 

to represent the flow direction, in this case, of water from each cell to its steepest down slope 

neighbor. 

 

3.3.3 Creating flow accumulation 

This is a function in a GIS environment that calculates the flow into each cell by accumulating the 

cells that flow into each down slope cell. Flow Accumulation tool under Hydrology is used and 
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flow direction raster in Figure 7 above was used as input data. The flow accumulation raster was 

computed and added to the DEM.  

 

 

Figure 8: Flow accumulation 
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3.3.4 Raster calculator 

It is designed to execute  single algebraic expression using multiple tools and operators. When 

multiple tools or operators are used in one expression, the performance of this equation will 

generally be faster than executing each of the operators individually. Open the Raster Calculator 

on Map Algebra and construct the following expression (use the keys in the visual keypad to 

construct this expression and don’t attempt to type it yourself because the spacing between the 

characters in the expression is important to getting this to work properly). 
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Figure 9: Raster calculation 

 

3.3.5 Stream order 

Stream order are also important for the systematic mapping of a river system, enabling the clear 

labelling and ordering of streams. It is a method of assigning a numeric order to links in a stream 

network or this order is a method for identifying and classifying types of streams based on their 

numbers of tributaries. In both methods, the upstream stream segments, or exterior links are always 

assigned an order of 1, 2, 3, 4, 5, 6 as shown below.  
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Figure 10: Stream Order 
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3.3.6 Stream to feature 

It is designed primarily for vectorization of stream networks or any other raster representing a 

raster linear network for which directionality is known. 

 

Figure 11: Stream to features 
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3.3.7 Creating watershed pour points 

This was accomplished by creating a new empty shape file to store the pour points identified for 

Adamawa River in the study area. The pour points are stored as the shape file name and the feature 

type as points. The Spatial Reference frame for the new pour points shape file is set to be the same 

as those of the existing DEM layer. The pour points are added by zooming in until the individual 

raster cells in the flow accumulation raster generated previously and edited accordingly as shown 

in Figure 12. 
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Figure 12. Watershed pour points 

If the Analysis Extent and Cell Size do not match an existing layer, there will be problems of 

registration between the pour point raster and the other raster layers necessary to delineate 

watersheds. Therefore, it is always advisable to set the cell size and analysis extent area relative to 

an existing raster layer, in this case ‘flow accumulation’. 
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3.3.8 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 13. 

 

 

Figure 13. Delineation of Adamawa 

The watershed was polygonised to enable computation of the area and flow accumulation to the 

watershed so as to generate the contributing streams. It is from here that the calculation of the area 

of the watershed boundary polygon was done by adding a field to the watershed shape file and 

then using the ‘calculate geometry tool’.  
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3.3.9 Evolution of the land use land cover since 2000 

This study utilized Landsat images of 2000 and 2020. Landsat images, each with a (30 m) 

resolution, were collected from United States Geological Survey (USGS) website, Earth Explorer 

(http://earthexplorer.usgs.gov/). Atmospheric correction has been conducted with the use of 

vegetation delineation function through the ENVI software package version 5.3 In addition, 

radiometric correction has been carried out by using the Landsat calibration function within the 

tools of ENVI 5.3 software. Red and NIR bands are combined to generate NDVI maps. The 

reclassification of NDVI maps have been implemented through the value of NDVI range from -1 

to + 1 which refer to vegetation rates based on spectral reflections. The negative value of an NDVI 

index refers to lack of vegetation and to other types of land use such as built-up areas. A zero value 

indicates bodies of water, whereas positive values refer to different types of vegetation rates. The 

certified maps of land cover and land use, which generated, reclassified and validated by using 

ground control point method recorded through Google Earth. They were also used for accuracy 

assessment (Fig. 14).  

 

NDVI = (NIR – Red) / (NIR + Red) 

 

 

http://earthexplorer.usgs.gov/
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Figure. 14. Operational processes to generate NDVI values maps and NDVI differences map of Adamawa Plateau 

Landsat image of 2000 and 2020 

Atmospheric and radiometric 

correction using Envi 5.3 
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Accuracy assessment 
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CHAPTER FOUR: PRESENTATION OF RESULTS AND DISCUSSION 

 

4.1 Production of the map of the hydrological system of the Adamawa Plateau and where 

they empty themselves.  

 

 

Figure 15: The hydrology of the Adamawa plateau  
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The Adamawa Plateau is the main water tower of the country. This is because several major rivers 

take it rise and flow to different direction. We have the river Djerem, river Lom that flow down 

South to form the river Sanaga. The river Mbam, river Kom and Noun River which flow and enter 

river Sanaga which empty itself in the Atlantic Ocean of the country. We equally have the river 

Faro, river Benue that flow in the Northern part to form the Benue River which passes through 

Nigeria to enter the Atlantic Ocean. Furthermore, the Mbere and Vina rivers which flow North 

East to form the Logone river which passes through Chad and empty itself in the Lake Chad Basin. 

 

4.2. - Identification of all the watersheds of the Adamawa Plateau. 

The analysis of the DEM shows that, the Adamawa plateau is a made up of seven watersheds. 

These include: 

- The Benue Watershed 

- The Djerem Watershed 

- The Faro Watershed 

- The Mbam Watershed 

- The Mbam Watershed 

- The Mbere Watershed 

- The Vina Watershed 
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4.2.1 The Benue Watershed 

 

Figure 16: Map of the Benue watershed 

The Benue Watershed is located in the Northern part of Adamawa; it is made up of many 

tributaries. It has a surface area of about 696339.22 ha. The Benue Watershed was name after the 

major river passing through the area. The watershed passes across many villages such as the 

Bandjoukri, Kerbia_Keraoua, Biem, Homain just to name a few. The Benue River manned at 

Lagdo Dam contributes about 20% to the national electricity grid. It supports the electricity supply 

in the Northern Region of Cameroon. This watershed flow across four divisions. 
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4.2.2 The Djerem Watershed 

 

Figure 17: Map of the Djerem watershed 

The Djerem Watershed, covers a surface area of about 3040536.81ha. It is the largest in the 

Adamawa plateau. This watershed was name after the major river passing call Djerem river. It 

flows across 12 divisions in the country. This watershed has many tributaries found in the area. 

The construction of the dam along this river, has led to the provision of the hydroelectricity to 

some of the localities in the area such as Mbakaou. 
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4.2.3 The Faro Watershed 

 

Figure 18: Map of the Faro watershed 

The Faro watershed, is the second largest watershed found in the area. It has a surface area of about 

2459415.82Ha. This watershed was name after the river Faro. It flows across many villages like 

Bakene, Masset, Rep and Mayo sita just to name a few. It flows across 12 divisions of the country. 

This river provides a source of navigation to the nearby countries. 
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4.2.4 The Lom Watershed 

Figure 19: Map of the Lom watershed 

The Lom watershed which is the third largest watershed found in the area. It covers a surface area 

of about 2000963.66 ha and also flows across many villages. This watershed, was name after river 

Lom, it has the economic important or potential which is the provision of hydroelectricity power 

in the country. 
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4.2.5 The Mbam Watershed 

Figure 20: Map of the Mbam watershed  

The Mbam watershed, it is the fourth largest watershed in the area. It covers a surface area of about 

180583.48Ha. This watershed was name after the main river Mbam flowing through the area. It is 

located in the South West of Adamawa. This watershed, is surrounded by many villages such as 

Somie, Mble, Nyati Dorofi. It flows across 16 division in the country. This river provides a fishing 

ground for the local communities. 
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4.2.6 The Mbere Watershed 

 

Figure 21: Map of the Mbere watershed 

The Mbere Watershed, it located in the North East of Adamawa. It has a surface area of about 

803208.08Ha. It flows across six division of the country. And it is the 5th largest watershed found 

in the area. This watershed is bounded by many villages. 
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4.2.7 The Vina Watershed 

 

Figure 22: The Vina Watershed  

 

The Vina Watershed is located in the North East of Adamawa. It has a surface area of about 

1321114.74 ha. This watershed flows through many villages in the area. This watershed was name 

after the main river flowing through it. it flows through 10 divisions of the country. This river flow 

to join the logone which provide a navigation to the nearby countries such as Chad. 
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4.2.8 The Various watersheds found in Adamawa  

Figure 23: Map of all the watersheds  

The above results, shows that seven watersheds are found in the Adamawa landscape. Where is the map of global picture of the 

watersheds
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4.3. Assessment of the rate of degradation of the Adamawa Plateau and the potential sites 

for restoration. 

4.3.1 Land use and land cover of the Adamawa plateau in 2000 

The land use and land cover of the year 2000 was access and a map was produced (figure 24).  

Figure 24: Land  use/Land cover in the year 2000  

Figure 24 shows that the area of No vegetation covers a large surface area from the assessment 

of the landsat images. The area of No vegetation covers xxxx ha ( xxx%); the area of vegetation 

xxxx ha (xxxx %) and the water body xxx ha (xxx%) (see Table 1).  
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4.3.2 Land cover and use in Adamawa plateau in 2020 

The land use and land cover of the year 2020 was accessed and a map was produced (figure 25)  

 

Figure 25: Land  use/Land cover in the year 2020 

Figure 25 shows that the No Vegetation (Build -up area, farm land and bare soils) is occupying 

the large surface area. The area of No vegetation covers xxxx ha ( xxx%); the area of vegetation 

xxxx ha (xxxx %) and the water body xxx ha (xxx%) (see Table 1). 
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4.4. Land use and land cover statistic of Adamawa plateau 

Table 1: Land use and land cover from 2000 and 2020 

 

 

 

Figure 26: Land cover and use from 2000 to 2020 

 

Table reveals that there is a significant change in vegetation cover in the study area. There is an 

increase of No Vegetation from 2719337.5ha in 2000 to 5509307.15ha in 2020. This is due to the 

increase in built-up areas, farm land and bare soils. This rising rate can be attributed to rapid 

development operations in the area. On the other hand, the class of vegetation cover decreased 

from 2472125ha in 2000 to 688663.39ha in 2020, because of urban growth and farmland creation. 

Furthermore, an increased class of no-vegetation areas is observed in the North North East of 

Ngaoundere. This population increase is a result of locally emigrating from rural lands to urban 

areas, Internal Displaced Population and Central African Refugees looking for better jobs and 

services. The accelerating growth of population has led to increase the demand of lands and houses 

and as a consequence it has led to the change of both land cover and land use. 

NDVI 

Density 

2000 LULC Classes 

area 

2020 LULC 

Classes area 

Change between 2000 

and 2020 

Classes Ha % Ha % Ha % 

Water 1236062.5 19.23 229554.46 3.57 -1006507.86 -81.42 

No 

Vegetation 

2719337.5 42.31 5509307.15 85.71 2789969.65 102.59 

Vegetation 2472125 38.46 688663.39 10.72 -1783461.61 -72.14 

Total 6427525 100 6427525 100 - - 

0 1000000 2000000 3000000 4000000 5000000 6000000

Water

No Vegetation

Vegetation

2020 2000
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4.5 Need for a water fund 

 a) Contribution of the hydrology to the National economy 

The Adamawa is sometimes dubbed the "water tower" of Cameroon, since a large number of the 

country's rivers rise in the area. The River Sanaga occupies about 65% of the total watershed of 

the Adamawa Plateau. The Noun River, Mbam River, Sanaga River, Lom and Djerem Rivers 

manned respectively at Bamendjim, Bankim, Mbakaou and Lom-Panga respectively supply over 

65% of the Cameroon national grid. The Benue River manned at Lagdo Dam contributes about 

20% to the national electricity grid. It supports the electricity supply in the Northen Region of 

Cameroon. The plus over 50 lakes in the Adamawa Plateau are also important in generating 

electricity to the Adamawa Region. 

 

b) Contribution of the hydrology to the Sub-Regional Economy of Nigeria, Cameroon and 

Central Africa Republic 

The River Faro and Benue flow into Nigeria to join Niger River that flow to the Atlantic Ocean. 

Niger River generates electricity in Nigeria. It is the largest River in Nigeria. The Niger Delta is 

the seat of Nigeria Oil Industry. While in Cameroon about 70% of industry is supported by 

electricity supplied by the hydrology of Adamawa Plateau. In Central Africa Republic, the longest 

river which is the Chari takes rise from the Lake Chad Basin. The Adamawa plateau is important 

to local, national, and sub regional economy.  

From the above analysis, we can say that many stakeholders are involved one way or another in 

the management of the natural resources in the area, yet nothing or little is done to secure the area, 

reduce the degradation, and develop livelihoods. All the stakeholders should come together 

through the payment for ecosystem service to form a water fund which will financially sustain the 

long lasting conservation and restoration programs in the landscape 

 

4.6 DISCUSSION 

The comparison to the 2000 and 2020 land use/land cover shows a significant change in land use 

and land cover in the Adamawa landscape. It can be observed that, an increase in settlement and 

farm land has become a major threat for degradation of the land use and land cover. The rate of 

vegetation has drastically decreased from 2472125ha in 2000 which is 38.46% to 688663.39ha in 
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2020 which is 10.72%. More so, the rate of No vegetation has greatly increased from 2719337.5ha 

in 2000 which is 42.31% to 5509307.15ha in 2020 which is 85.71 because of build-up area, farm 

land and bare soils leading to the loss of the vegetation cover. This alarming condition requires a 

scientific management of land use for sustainable development in the area. 

Such results were obtained in Malaysia, where significant changes of vegetation cover in the study 

area, the land cover analysis confirmed the increase of the non-vegetation class from 3390 ha in 

1990 to 6914 in 2010 because of the increased rates of built-up areas. This rising rate can be 

attributed to rapid development operations in the study area based on the data from local 

institutions such as the Departments of Agriculture and Statistics, Malaysia. 

 On the other hand, the class of dense vegetation cover decreased from 74934 ha in 1990 to 62412 

ha in 2010 because of urban growth and oil palm plantations in dense forest areas, especially in 

the west of Seremban in Labuand in the Rasah zones. 

 

4.7. CHALLENGES 

In the course of elaborating this project a number of setbacks were encountered.  

• It was difficult to download the Landsat images due to periodic shutdown of Earth 

Explorer. Also the images came with some line gaps error which greatly took more of the 

time to correct the various bands. 

• Searching of different projects based on watershed precisely in Cameroon on the internet 

was not an easy task.  

• The treatment of the images took much time, since I was working on a very large landscape. 

More so, several methods were used in other to obtain the result. 

• There were also difficulties during the course of scanning of maps that have information 

related to the project. Since the credibility of geo-referencing the scanned maps depends 

on the machine used for the scanning. At times the division lines of the latitude and 

longitude were not very clear. 
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CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS 

5.1 CONCLUSION 

This study presents an overview of environmental issues pertaining to watersheds, the relevance 

of GIS and Remote Sensing focused on the Adamawa Region, the current trends and the state of 

the ecosystem within the watershed with regard to agriculture and urbanization. This is followed 

by an outline on the need to adopt an integrated water funds in the Adamawa Region by integrating 

spatial technologies, to solve the emphasis on the growing threats posed by ecological degradation 

due to population pressures. The others include the rise in socioeconomic activities especially the 

need for more agricultural land at the expense of forest land and open lands, impacting on the 

stability of natural ecosystems.  

Furthermore, several conclusions can be drawn from this study. Agricultural activities comprise 

the large part of land cover of the Adamawa region. However, agriculture has got its own 

challenges especially in terms of inputs and methods practiced. Agriculture in itself can be a threat 

depending on how it is practiced on the landscape.  

The NDVI index is an important indicator used to identify changes in land use and land cover 

because of urban and economic development. Effective factors on land cover can be determined 

through extracted values of the NDVI map. Nowadays, the NDVI index has become a commonly 

used method to evaluate the land cover changes and urban growth patterns. Results of the study 

confirmed that the vegetation areas in the study area declined as a result of several causes such as 

urban and economic development, population growth, and deforestation for agricultural purposes. 

Results of the NDVI index can be used as indicators for future trends on land cover changes and 

for identifying effective factors on vegetation cover for the better understanding of planners and 

decision makers on the issue. 

Also, getting various stalk holders involve in watershed management or protection, as the case of 

the Adamawa landscape which is the water tower inquires that legal framework should be step up 

by stalk holders in collaboration with the local communities within these watersheds. To protect 

these watersheds through restoration techniques such as, tree planting by house whole on riparian 

forest and water catchment. 
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From the above analysis, it is clear that the biodiversity of Adamawa plateau is at the risk of 

extinction. This means that, the water resource potentials of this particular landscape which is the 

water bread basket of almost all part of Cameroon is threaten. The economic, agricultural links of 

Cameroon growth to this landscape. 

 

 

5.1- RECOMMENDATION 

- The study recommends that, more studies should be done on the hydrology of Adamawa since 

limited information is been provided. 

- Re-introduce the Green infrastructure along the watersheds, by the various stakeholders like 

(ENEO, CAMWATER) and others actors benefiting from it. 

- However, more research should be carried out in the area by employing other spatial techniques 

like modelling the socio-economic and environmental concerns within the watershed. 

- Furthermore, this calls for concert efforts to identify vulnerable spots especially slopes, swamps 

and valleys so that they can be rehabilitated and conserved. This can only be achieved by raising 

the spectral of responsibilities for planners and those charged with watershed management in the 

localities and towns of Adamawa regions and neighbouring towns along which the watershed 

traverses. 

- Above all, the best way to ensure better management of our Ecosystem must be based on a strong 

awareness of local populations on the need for a reasonable and Sustainable Management of the 

Ecosystem. Without this awareness of the population, the efforts of the government and NGOs 

will be useless.  
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