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Abstract  

This study with the topic of Establishing the Case for Ecosystem Restoration in the Nlonako-Muanenguba 

Mountains and the main aim which is to help in the restoration of degraded Cameroon Mountains for a time 

period of 20 years, 

 It is to understand the main causes leading to environmental degradation with the use of Remote sensing 

and GIS's software which help in classifying Landsat TM in 2000 and Landsat TM in 2021 imagery into 

six land use and land cover (LULC) classes which are bare soil, buildup, cloud cover, dense vegetation, 

grass land and less dense vegetation The Maximum likelihood classification method was adopted in this 

research. The watersheds were delineated with the help of the ArcGIS platform. 

The results showed a clear deterioration in vegetative cover (111.463km2 in the year 2000) to (64.894 km2 

in the year 2021), accounting for 46.5764% decrease in vegetation. Equally, the results showed that the 

landscape is made up of 2 principal watersheds and 2 sub-watersheds. 

 It is therefore important that the Cameroonian government takes actions now so as to reduce or stop the 

current environmental changes that will enable her to be in the best possible position when the current 

environmental crisis go away 
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CHAPTER ONE: INTRODUCTION 

1.1 CONTEXT AND JUSTIFICATION 
Global forest has decreased from 32.5% to 30.8%, and some 420 million hectares of forest have 

been lost to agriculture and other land uses since 1990.This continued degradation of forests 

threaten biodiversity and the survival of many species, and intensify global warming (Vogt, 2019). 

Over half of the tropical forests worldwide have been destroyed since the 1960s, and every second, 

more than one hectare of tropical forests is destroyed or drastically degraded (IUCN, 2021). 

Africa's tropical forests are the most extensive after those of the Amazon covering 3.6 million 

km2, with the majority concentrated in the greater Congo Basin. These forests harbor 2,000 species 

of vertebrates and more than 10,000 plant species (Cincotta et al., 2000; Sosef et al., 2017; Orme 

et al., 2005; WWF, 2017). They provide numerous and valuable environmental services, including 

carbon storage, protection of threatened ecosystems, hydrological functioning, and medicinal 

products (Colfer, 2012; Abernethy et al., 2016). African forests also provide significant socio-

economic resources including: plant and animal products, food, medicine, products of cultural 

value, building and construction materials. 

Tropical African forests are threatened by a wide variety of anthropogenic activities that threaten 

natural ecosystems and biodiversity. For instance, the few previous studies conducted in the 

threatened forests of the Cross–Sanaga River region (Fa et al., 2006), identified deforestation as a 

major factor driving both forest loss and degradation (Hosonuma et al., 2012; Ordway et al., 2017; 

Aleman et al., 2018). Deforestation, along with other smallholder activities in African tropical 

forests, is also known to damage important wildlife habitats, leading to biodiversity loss and the 

destruction of forest-based livelihoods. Known reasons of forest land-cover conversion include 

industrial logging, agricultural expansion, settlement purposes and the construction of road 

infrastructure. These processes can also lead to forest fragmentation and degradation, resulting in 

loss forests with significantly reduced biodiversity compared to intact forests (Fahrig, 2003; 

Haddad et al., 2015; Laurance et al., 2018). 

In Cameroon, the Nlonako-Muanenguba Mountains (NMM) is located along the north-western 

axis of the region, have a rich diversity of frogs such as the (goliath frog in particular), birds and 

reptiles but is subject to human factors. With its closeness to wildlife habitat, Douala supports a 

huge market for forest products and wildlife, many of which supply fuel wood for house hold use. 

The high demand for forest and wildlife products is a strong driver of the ongoing depletion of 

natural forest cover and biodiversity through logging and hunting in the unprotected forests of the 

Littoral Region and greater part of Cameroon (Morgan et al., 2011). 

It is therefore important to determine how human land-use actions affect unprotected high-value 

forests at the landscape level across the wider Littoral Region, using combined remote sensing and 

geographical information system (GIS)-based analysis in the interest of environmental 

sustainability. (Wiens et al, 2009; Willis, Cetin, 2015). The growing awareness of remote sensing 

technologies have been increasingly used to the delineation  and  assessment  of  agricultural  

riparian  forest  for  environmental  studies  in  recent  years (Narumalani S, Zhou Y C, Jensen J R 
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(1997). For example, RS   images   were  applied  to  monitor  coastal  habitat  conditions  in  terms  

of  changes  in  land  cover,  riparian  forest,  and  wetlands(Klemas V V (2001). Remote sensing  

images  provide  fundamental  data  sources  for  land  cover  and  land  use  mapping.  GIS  could  

be  used  to  estimate,  analyze,   and   visualize   the   spatial   distribution   of   cropland  in  

designed  restoration  area.  Such information   is   essential   for   environmental   restoration   

planning and management (GU Fengxia, et al (2010). 

 

1.2 PROBLEM STATEMENT 
The Nlonako-Muanenguba Mountains (NMM), along the north-western axis of the country 

Cameroon, has a rich diversity of amphibians, birds, reptiles and plants. It represents one of the 

most fragile ecosystems in Cameroon that keeps some of the world’s most threaten fauna species. 

Most of these animals are endemic to the area. These mountains (Nlonako-Muanenguba Mountain) 

serves as a homeland to key species such as amphibians (particularly the goliath frog), birds and 

pangolins (white bellied and giant pangolin).  

The adjacent communities to this hotspot have for a long time depended on this mountain’s 

biodiversity for their survival and feeding. A large majority of the population in these communities 

are involved in agricultural activities an turn to clear large hectares of the NMM for agricultural 

purposes, not leaving out human settlement and expansion of business. Other human activities on 

the NMM, such as unsustainable levels of logging, selective logging, land clearing, farming and 

hunting, cutting down of the forest for fuel wood place the region under severe threat. 

 The use of land for agriculture and logging for industrial purposes is the main course of land 

degradation in the Nlonako-Muanenguba landscape. A large majority of the population depends 

directly or indirectly on agriculture, through farm activities. The assessment of the rate of land 

degradation in the Nlonako-Muanenguba landscape is poorly analyzed and little or no knowledge 

is known about the hydrological system or pattern of the landscape. This made use to ask the 

specific question: What is the state of degradation and the management status of the NMM and 

its watersheds? In this light, this study is going to establish a case for ecosystem restoration using 

modern GIS and Remote tools which have been increasingly used to map out land use and land 

cover analysis.  
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1.3 OBJECTIVES/AIM OF THE STUDY 

1.3.1 General Objective 
To contribute to the restoration of degraded Cameroon Mountains 

1.3.2 Specific Objectives 
➢ To produce a map of the hydrological system of the Nlonako-Muanenguba  

➢ To identify all the principal watersheds of the Nlonako-Muanenguba Mountains. 

➢ To identify the degradation rate of the Nlonako-Muanenguba Mountains since 2000 

➢ To identify and characterize the different stakeholders in the watershed and the threats 

affecting the sustainable management of the Nlonako-Muanenguba Mountain ecosystem 

and the importance to Cameroon. 

1.4 RESEARCH QUESTIONS 

1.4.1 Main research question 
What is the state of degradation and the management status of the Nlonako-Muanenguba 

Mountain watersheds? 

1.4.2 Specific research questions 
➢ What is the structure of the hydrological system of the Nlonalo-Muanenguba landscape?  

➢ What are the different watersheds of the Nlonako-Muanenguba Mountains? 

➢ What is the degradation rate of Nlonako-Muanenguba Mountains within the study period? 

➢ Who are the different stakeholders involved in the ecosystem management of the Nlonako-

Muanenguba? 

1.5 HYPOTHESIS 

1.5.1 General hypothesis 
The landscape (Nlonako-Muanenguba Mountains) is under server human pressure. About 80% 

of the landscape is degraded due to unsuitable farming practices, logging and population growth. 

1.5.2 Specific hypothesis 
➢ The Nlonako-Muanenguba landscape is made up of very few streams that flows with 

their tributaries into the Nkam and Mungo River.  

➢ The Nlonako-Muanenguba landscape is made up of about 4 watersheds  
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➢ The rate of degradation on the Nlonako-Muanenguba landscape is estimated up to 80%. 
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CHAPTER TWO: THEORITICAL ORIENTATION 

2.1 PRESENTATION OF THE HOST ORGANISATION 

2.2 CONCEPTS AND DEFINITION 

2.2.1 Remote sensing  
Remote sensing can be defined as the collection and interpretation of information about an object, 

area, or event without being in physical contact with the object. Aircraft and satellites are the 

common platforms for remote sensing of the earth and its natural resources. Aerial photography in 

the visible portion of the electromagnetic wavelength was the original form of remote sensing but 

technological developments has enabled the acquisition of information at other wavelengths 

including near infrared, thermal infrared and microwave.  

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

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. This system comprises of Software, Hardware, Data, 

and Personnel that make it possible to enter, manipulate, analyze and present information that is 

tied to a location on the earth's surface. 

2.2.3 Water fund  
Water Funds are organizations that design and promote financial and governance mechanisms, 

engaging public, private, and civil society stakeholders in order to contribute to water security 

through solutions grounded on nature-based infrastructure and sustainable management of 

watersheds (JE Hunink, P Droogers, 2015).  

2.2.4 Ecosystem 
An ecosystem is a community or group of living organisms that live in and interact with each other 
in a specific environment. For instance, tropical forests are ecosystems made up of living beings 
such as trees, plants, animals, insects and micro-organisms that are in constant interaction between 
themselves and that are affected by other physical (sun, temperature) or chemical (oxygen or 
nutrients) components. 
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2.2.5 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). 

2.2.6 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. 

2.2.7 Ecosystem Degradation 

Ecosystem degradation refers to 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). 

2.2.8 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). 

2.2.9 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). 

2.2.10 GPS 

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). 

 

 

https://en.wikipedia.org/wiki/Environment_(biophysical)
https://en.wikipedia.org/wiki/Depletion_of_resources
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
http://www.physics.org/article-questions.asp?id=77


17 

 

 

2.2.11 Forest 

Land spanning more than 0.5 ha with trees higher than 5 metres 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). 

2.2.12 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 (I.R. Swingland (2000). 

2.2.13 DEM 

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). 

2.3 LITERATURE REVIEW 

2.3.1 Ecosystem Restoration 
Restoring the health of degraded land is necessary for overall human development as land is a very 

important life support system, which is directly or indirectly influencing the attainment of the UN 

Sustainable Development Goals (UN-SDGs).Restoring a degraded ecosystem is an international 

activity which increase ecological health and sustainability (SER 2004). Without post 

implementation restoration monitoring, it is impossible to evaluate success, understand restoration 

recovery trajectories, or gather lessons learned that may better inform restoration science (DeLuca 

et al. 2010; Hooper et al 2016). Monitoring is generally considered as costly and time-consuming, 

given the assumptions of successfully restoring the services of a particular ecosystem or habitat. 

However, opportunities exist for remote sensing to bolster the restoration science associated with 

a wide variety of degraded, damaged, transformed, or destroyed ecosystems (hereafter, injured 

resources), including resources affected by fire, hydropower operations, chemical releases and oil 

spills, among others. 

2.3.2 GIS and RS for Monitoring  
Very high resolution imagery is now available that allows detailed mapping and monitoring of 

vegetation cover and provides a basis for continues assessments using moderately high resolution 

remote sensing (for example, Landsat) (Dubayah, R., J.C. Knox, 2000). Laser-based remote 

sensing is another advancement that permits even more detailed information on vegetation cover 
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analyses, such as refined topographic development and multidimensional vegetation structure. It 

is now evident that information on ecosystem restoration has become an integral part of the 

environmental and developmental planning process (Lattin, P.D., P.J. Wigington, 2004). This 

information has aided the advancement of more effective ecosystem restoration processes, water 

resources planning, and resource management. Mapping of vegetation has not been systematically 

accomplished across many landsacpe, however, partly because the traditional approach has relied 

on aerial photo interpretation. In the past, satellite imagery was of marginally sufficient spatial 

resolution to adequately map ecosystems for restoration were approximately 30 m (Hansen M.C., 

R.S. DeFries, 2002). In the past few years, a combination of factors has changed the expectation 

for remote sensing with respect to ecosystem restoration and its properties. These include 

techniques to extract additional information from moderately high resolution (20 to 30 m) satellite 

observations. The most widely used satellite remote sensing observations are those that measure 

light reflectance in the optical portion of the electromagnetic spectrum (visible and near infrared), 

particularly the Landsat (Land Satellite) series of sensors with 30 m ground cell resolution (Cohen 

and Goward, 2004). 

2.3.3 Importance of watershed management 
Even though watershed management has become an increasingly important aspect of water 

resources development in recent years in both developed and developing countries, it should be 

noted that its importance has been realized for at least some 2 500 years.(Biswas, Asit K. (1984). 

Climate and Development, Cassell Tycooly, London). 

The importance of watershed management, has become more and more relevant in recent years 

because of the increasing awareness that the long term sustainability of water projects is an 

essential needed for human welfare. Large and medium scale water development projects are 

always capital-intensive, and economically they can be considered to be efficient only if the 

benefits from such projects can be assured over their designed life periods. There is now 

considerable evidence from projects from many different parts of the world that the life spans of 

some reservoirs will be less than expected due to more than anticipated rates of sedimentation, 

which may occur due to changing land-use patterns (Dendy, E.F. et al (1973). 'Reservoir 

sedimentation surveys in the United States). 

2.3.4 Water fund in the other country 
Cities like New York have decided to make large investments in watershed management to protect 

water quality instead of investing in water treatment plants (Appleton, A. Horizontal Integration of 

Infrastructure Services: The New York City Experience. 2006). In a similar manner, the city of Bogota 

is receiving the benefits of the investments it has started to make in watershed conservation. 

Experts at The Nature Conservancy - TNC- and CIAT estimate that in four years the city could 

save approximately $4.5 million that it currently spends in sediment removal. While the evidence 

suggests that it is more cost effective to protect than to mitigate, watershed management costs have 

not been taken into consideration when calculating the costs of water supply. This is a phenomenon 

that occurs repeatedly all over the world (Millennium Ecosystem Assessment, 2005). 
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2.3.5 Landscape degradation and deforestation agent 
The effect of external farming systems is an insecurity on deforestation with regards to the von 

Thünen model it is straightforward: a land user will invest by clearing more forest and converting 

it to agriculture (Angelsen 1999; Araujoa et al. 2009). This is the opposite of what is commonly 

assumed. Insecure tenure should slow deforestation whereas more secure tenure should increase 

the value of the investment and encourage forest clearing. Forest protection is, from a societal 

perspective, an investment for the future. In contrast, from the individual’s point of view, 
deforestation is an investment in future income. 

2.3.6 Methods for Data collection  
The various methods for collection of information on riparian zones and ecosystem have been 

found to be costly and time consuming (Salem, 2003). The modern technology of remote sensing 

allow us to collect lot of spatial data rather easily, with speed and on repetitive basis, and together 

with GIS helps us to analyze the data spatially, offering various options (Aspinall, 1995).  

2.3.7 GIS for assessing a watershed 
GIS is used to derive soil wetness from digital elevation model (DEM) for assessing the suitability 

of different sites in agricultural watersheds for restoration of vegetation or farming riparian zones 

(Russell G D, Hawkins C P, O’Neill M P (1997). 

Satellite remote sensing and Geographic Information Systems (GIS) technology have played a 

very important role in all aspects of watershed management, from assessing watershed conditions 

through mapping the impacts of human activities and visualizing impacts of other case study (Tim 

& Mallavaram, 2003). The integration of all the individual remote sensing methodologies related 

to watershed monitoring and management in a universal approach. Specifically, different 

approaches such as development of erosion models, use of radar imagery for the detection of areas 

affected to inundation phenomena, construction of Land Use /Land Cover (LULC) maps, 

optimization of classification methodologies and calculation of landscape metrics for the recording 

of urban decline. 

 2.4 STATUS OF CONSERVATION IN THE STUDY AREA 

The site (Nlonako-Muanenguba) is unprotected over 80% of its surface due to the presence of 

roads and foot tracks that lead into the forest. Human pressure is increasing at a fast rate in the 

northwest near the city of Nkongsamba. The opening of a tracks towards the mountain  for the 

purpose of hunting, farming and logging have led to increasing pressure on the biodiversity of the 

landscape which is the flora and fauna resources not leaving out the forest cover of the area. The 

hilly nature of the site constitutes in itself a means of protection for the abundant tree cover of the 

area which seems to be the most threatened. 
Threats to the globally important biodiversity of Mt Kupe-Muanenguba come from forest 

clearance upslope of  Mt Kupe, despite its wide reputation all over the country for its summit being  

home of powerful spirits that can capture and enslave the living. The mountains of Kupe-

Muaenguba are threatened by logging activities, while much of the formerly forested area of the 
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slopes are now being cleared for agricultural purposes. Despite the extremely high number of 

endemic species which are all threatened, Kupe-Muanenguba Mountains remain formally 

unprotected, although an Integral Ecological Reserve has been proposed there and supported by 

local communities.  
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CHAPTER 3: MATERIALS AND METHODS 
 

3.1 DESCRIPTION OF THE STUDY AREA 
 

3.1.1 Geographical Location 
Mount Nlonako is a small isolated massif located 8 km south-east of the city of Nkongsamba, in 

the coastal province, straddling the departments of Mungo and Nkam. The center of the site has 

the coordinates 4 ° 53´N and 9 ° 55´E. Mount Nlonako rises above the coastal plain over an area 

of approximately 3,500 hectares. Its location outside the long mountain chain that goes from Mont 

Koupé to Oku gives it the appearance of a small massif with rounded shapes. The north-west 

facade is limited by the city of Nkongsamba, the south side is occupied by coffee plantations, while 

the west is occupied by the undisturbed forest of the Department of Nkam. 

Kupe Muanenguba Division (KMD) is located between longitudes 90o 9´´ 1´E and 90o 48´´1´E 

and latitudes 50o33´´1´N and 4o 041´´1´N of the equator. This Division was created in 1993 

comprising three Sub-divisions, that is, Bangem, Nguti and Tombel Subdivisions with it’s 
headquarter in Bangem. KMD has a total surface area of 3,951km2 with 189 villages. 
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Figure.1 A Location map of the Study area 

3.1.2 Relief and Hydrology 
Mount Nlonako extends from the altitude of Nkongsamba (877m) and rises to 1.825m on a very 

steep slope. This means that the contour lines almost overlap. Given the small extent of the massif, 

only a few small tributaries of the Nkam have their source there. 

3.1.3 Soils 

Soils come from the degradation of granite giving coarse elements like sand and gravel. We find 

in places very old lateritic soils. Despite the very point out relief and abundant rainfall, erosion is 

low because of the forest which covers the entire massif. The low altitude areas between 800 and 
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1,000m on the northwest plane are well eroded due to agriculture by the riparian city dwellers 

coming from Nkongsamba.  

3.1.4 Climate 
The climate is of the humid pseudo-tropical type with a unimodal rainfall regime with two seasons: 

a long rainy season which goes from March to October and a small dry season which goes from 

November to February. Precipitation is 

abundant and varies with altitude: Nkongsamba (877m, 2.684mm), Nlonako 

(1,825m, 3,000mm) (Valet, 1985). The average temperature is 26 ° 4C in 

Nkongsamba and 20 ° C at the top of the mountain. 

3.1.5 Vegetation 

Four types of vegetation are found on Mount Nlonako. At low altitude near the Department of 

Nkam, we find the Atlantic forest with rare Cesalpiniaceae with elements of semi-deciduous 

forests. The northern slope towards the city of Nkongsamba presents a marked degradation facies 

of submontane forests. Between 1,200 and 1,825m one meets both the submontane forest and 

some saxicolous groups. Outside the facade 

turned towards the city of Nkongsamba which knows an important traditional exploitation and an 

agricultural activity with the cutting down of trees, the massif retains its floristic potential 

because of the very steep relief making access impossible for an industrial exploitation. 

The flora does not seem to present any particularities apart from the existence 

of Prunus africana and Voacanga africana in the forest.  

3.1.6 Fauna 

Little is known and has never been studied. The wildlife service’s report the presence of buffalo, 
chimpanzee (Pan troglodytes ), drill ( Mandrillus leucophaeus). Among the Amphibians, we 

noted the Goliath frog. Among the endemic or threatened species cited are  

avian species such as Malaconotus gladiator, Lioptilus gilberti ,Picathartes oreas , 

Phyllastrephus poliocephalus and Nectarina ursulae. 

 

3.1.7 Human Activities  
They are concentrated around agriculture, artisanal logging, the exploitation of medicinal plants 

and hunting. Agriculture is located in the mid-altitude area of 800–1,000m near the town of 

Nkongsamba. Agricultural activity is very high and the fertile soils are to the west of the city on 

the side of the Manengouba Mountains. Small-scale chainsaw logging is another important 

activity, due to the demand for timber. Two companies of local law exploit or buy the medicinal 

plants which are Prunus Africana and Voacanga africana. Finally, unregulated hunting constitutes 

a lucrative activity because of the closeness of medium and large towns. The most captured 

animals are then killer such as, bush pig, pangolin and civet. 
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3.2 DATA COLLECTION 

3.2.1 Secondary data 
Secondary data were obtained from the consultation of different documents on pass projects 

carried out by ERuDeF and other organizations in the Nlonako-Muanenguba landscape and also 

from documents produced by the councils on projects and activities carried out on the landscape. 

Consultation of scientific articles on GIS and remote sensing application was also done.  

3.2.2 Primary data 
Primary data collection focused on: 

• Identification of different land use through Google earth and registration of their 

geographical coordinates 

• Downloading of the satellite images and DEM (Digital Elevation Model) 

• Interview of the local population. 

3.3 Data Collection Method 

3.3.1 Primary data collection 

3.3.2 Identification of all the watersheds of the Nlonako-Muanenguba 

landscape: 

The identification of all the different watershed was done through the following processes as stated 

below.  

• The downloading of digital elevation model (DEM) covering the study area from USGS 

from the website http://dds.cr.usgs.gov/srtm/. 

 3.3.3 Production of a map of the hydrological system of the Nlonako-

Muanenguba landscape and where they empty themselves: The downloading 
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of digital elevation model (DEM) covering the study area from USGS was done and Google earth 

help in identifying and confirming the different river channels.   

3.3.4 Assessing the degradation rate in the Nlonako-Muanenguba 

landscape between 2000 and 2021: Satellite images of the years 2000 and 2021 for the 

study area were downloaded from USGS. Images of the dry season were downloaded to avoid 

cloud cover. 

3.4 DATA ANALYSIS  

3.4.1.To identify all the watersheds of the Nlonako-Muanenguba 

landscape: To identify all the watersheds, the DEM is the base form from which a watershed 

is delineated. This is achieved through the hydrological extension from the ArcGIS platform. The 

fig below are the steps to be used. 
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(Figure.2) Steps for Watershed identification 

DEM Preparation. 

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, 

Intel(R) Core(TM) i5-4310U CPU @ 2.40 GHz, to generate the DEM which was used for the 

Nlonako-Muanenguba study as shown in (Figure.3). 
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Figure.3 

Filling the DEM 

In order to identify the drainage area for each raster cell in the study area, 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 an ‘sinks’ (low areas where water would enter but 

not leave). In other to do this, open the ArcToolbox, double click ‘Spatial Analyst’, double click 

‘Hydrology’, open the ‘Fill’ tool by double clicking it, Set the ‘Input Raster’, next to the ‘Output 

Raster’ box, use the folder icon to navigate to your ‘gdb’, save the output in the geodatabase, 

click ok to run the tool, you should now see a new version of your DEM in the ‘Table of 

Contents’ which has been ‘filled’ to make it hydrologically correct as shown in (Figure.4). 
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Figure.4 

Direction 

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. Open the ArcToolbox, double click ‘Spatial 

Analyst’, and double click ‘Hydrology’, open the ‘Flow Direction’ tool by double clicking 

it.Then set the ‘Input Raster’. Next to the ‘Output Raster’ box, use the folder icon to navigate to 

your ‘gbd’, then save the output in the geodatabase, click ok to run the tool. This may take a 

moment, but you should see a new raster dataset where the values relate to the direction of water 

flow for that cell as in (Figure.5). 
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Figure.5 

Flow Accumulation 

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

determine the direction that water will flow from each cell. This is done through the following 

process. First, open the ArcToolbox, double click ‘Spatial Analyst’, double click ‘Hydrology’, 

then open the ‘Flow Accumulation’ tool by double clicking it, set the ‘Input Flow Direction 

Raster’, next to the ‘Output Raster’ box, use the folder icon to navigate to your ‘gbd’, save the 

output in the geodatabase, then click ok to run the tool. This may take a moment to complete, but 

you should see a new raster dataset where the values relate to the number of other cells which 

flow into that cell as shown in the (Figure.6). 
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Figure.6 

Creating the Raster Calculation 

The raster calculation is generated so as to help determine the number of stream order in the 

study area. For this to be done, we double on the ‘ArcToolbox’ then scroll down and click on 

‘Spatial Analyst Tools’, scroll down to ‘Map Algebra’ then double click on ‘Raster Calculator’. 

A dialog box will come up, were there is the heading ‘Layers and Variables’, double click on the 

watershed raster the choose the ‘=’ sign from the box and input a number between ‘2000-5000’ 

this is help identify all rivers and streams in the area. The select the ‘Output Raster’ which is 

where it will be saved. It will take some minutes depending on the computer. You should now 

see the results of the calculation as shown in the (Figure.7). 
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Figure.7 

Stream Order 

After the ‘Raster Calculation’ then come the ‘Stream Order’ this is done so as to determine the 

number or order of stream in the study area. This was archive as follows, open the ‘ArcToolbox’, 

scroll down to ‘Hydrology’ and click on it, double click on ‘Stream order’ which will then open 

a new dialog box, ‘Input stream raster’, then ‘Input flow direction raster’, after which ‘output 

raster’ which is where it will be saved then click ok. The results should be as shown in the 

(Figure.8). 
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Figure.8 

Stream to Feature  

The ‘Stream to Feature’ is then use to display the raster into a more visible way which will be 

done as follows. First, open the ‘ArcToolbox’ then move down to ‘Spatial Analyst Tools’ down 

to ‘Hydrology’ then double click on ‘Stream to Feature’, a new dialog box will come up which 

will let you ‘Input stream raster’ then ‘Input flow direction raster’ finally ‘Output polyline 

feature’ then click ok. It should take some minutes but the results will look as shown in the 

(Figure.9). 
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Figure.9 

Creating Watershed Pour Point 

In other for this to be archive, we first create an empty ‘Shape file’ where we will store the 

watershed pour points, we then select the ‘Editing tool’ at the top of the plat form were we will 

be taking the points for the watershed, after each point is taken we then ‘stop the edit’ so as to 

save the point. Do this for all the pour points in the area of study area. The pour point will then 

appear on each of the watershed were they were marked in the form of a ‘black dot’ look closely 

at the (Figure.10) for how it looks like. 
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Figure.10 

Delineating the Watershed/Study Area 

After saving each point, then go the ‘ARC Toolbox’ double click on the ‘Spatial Analyst Tools’, 

then move down to select the ‘Hydrology tool’, double click on the ‘watershed tool’, a menu will 

come up then were you will ‘input the flow direction raster’ after which, ‘input raster or feature 

pour point data’ then select were to save the ‘output raster’ then click ok. This should take some 

minutes depending on your computer processor, but you should then see some shaded areas 

coming from each of the pour points which will depend on the order of the river or stream if it is 

a first, second, third, fourth, fifth or sixth order river selected as seen (Figure.11 ) below. 



35 

 

 

Figure.11 

Overlay on Satellite Imagery for Verification  

After the above processes have been followed strictly, then convert the raster to KML format and 

save in the geodatabase then lunch ‘google earth’ and import the KML file since it’s the format 

which is accepted by google earth. Then verify to see if all the streams and rivers are in the right 

position.  

3.4.2 To produce a map of the hydrological system of the Nlonako-

Muanenguba landscape and where they empty themselves: For conservation 

and management processes of a watershed to be effective, it is important that all the contributing 

river channels are identified so as to get a clear picture on their sources, nature and most 

importantly, to identify the type of drainage pattern they form. Coordinates of the different rivers 

obtain will be super impose on a google earth image so as to help track the different water channels 

down to the Atlantic Ocean. The (Figure.12) are the steps involve. 
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(Figure.12) Steps for a Hydrology map production 

DEM Preparation. 

The DEM is the base from which a hydrological map 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, 

Intel(R) Core(TM) i5-4310U CPU @ 2.40 GHz, to generate a DEM which was used for the 

Nlonako-Muanenguba study as shown in (Figure.13). 
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Figure.13 

Setting Geo-processing Environment 

A Geo-processing environment is an area in the ARCgis platform were we can use to organize 

all are save files and folders for easy location. This can be set as follows, first we click on 

‘Geoprocessing’ on the menu bar then scroll down to ‘Environments’ and click from here, a 

window will then appear. From, the files were all files and folders will be save is then chosen as 

shown in (Figure.14). 
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Figure.14 

Filling the DEM, Flow Direction, Flow Accumulation, will still be same method that was used 
for the generation of   

3.4.3 To assess the rate of degradation of the Nlonako-Muanenguba 

landscape since 2000: The assessment of the degradation rate was done following 3 steps: 

pre-processing, classification (Maximum likelihood algorithm) and post classification. 

Pre-processing of images 

The pre-processing for the dataset will include image registration, band composition, clipping of 

the Landsat image to the study area and then creating a pan sharpening raster. The remotely sensed 

dataset will be geometrically corrected in the datum WGS84 and projection UTM N32. 

Image Registration: After loading are Landsat image on the ArcGIS plat form, we then processed 

to registering the image. This will involve the creation of a folder where all the processed data of 

the image will be store for easy location. For this to be done, we go to the ‘Add Data’ icon at the 

top of the ArcGIS interface then select a folder location and give it a name then click ok. Look at 

(Figure.15). 
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Figure.15 

Band Composition 

After the image registration, we then proceed to band composition. This is to help easily identify 

ground points for easy classification. We open the ‘ArcToolbox’ scroll down to ‘Data Management 
Tools’ then down to ‘Raster’, moving down again we single click on ‘Raster Processing’ we should 
then see ‘Composite Bands’ the double click on it. A dialog box will come up. The first information 

to will when the box comes up is to ‘Input raster’ here we will load from band 1 to band 7 of are 
Landsat image form where it was saved then ‘Output raster’, we select are folder then click ok, the 
band composition for this image was (4,3,2). The image will then look as shown in the (Figure.16). 
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Figure.16 

Clipping 

 Clipping the image to the study area is very important in the sense that, it enables the application 

which in this case is ArcGIS to work only on the region of interest rather than the whole image 

which might take time, depending on the computer. First, we open the ‘ArcToolbox’ then down to 
‘Data Management Tools’, moving down again to ‘Raster’, then ‘Raster processing’ then double 
click on ‘Clip’. A dialog box will come up which will allow us ‘Input raster’ which is the result of 
the band composition, then ‘Output extent’ which is a shapefile of the study area should be added 
then move down to ‘Output raster dataset’ where we save then click ok as shown in the (Figure.17). 

 

Figure.17 
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Pan sharpening 

This process is to help us easily identify correctly, the ground features so as to have a correct image 

classification. First, we open the ‘ArcToolbox’ then down to ‘Data Management Tools’, moving 
down again to ‘Raster’, then ‘Raster processing’ then double click on ‘Create Pan-Sharpened 

Raster Dataset’. A dialog box will come up which will allow us ‘Input raster’ which will be the 
clipped image then next we go to ‘Output raster dataset’ which were we have been saving are 
progress then finally and very import, ‘Panchromatic image’ which in this case is the band 8 of the 
are Landsat image then click ok, it should look as shown in the (Figure.18). 

 

Figure.18 

Classification of the images 

In this paper a single method for image classification will be used which will is; supervised 

classification (a maximum-likelihood classification (MLC). Satellite data downloaded will be 

analyzed with the help of ArcGIS and classifications of the different land use classes of the 

landscape will be done, also ArcGIS will be used in the production of the land cover analysis map. 

The steps below are to be used. 

Sampling and Evaluation of Surface Changes 

Sampling here is the collection of ground control points of different areas of the study area which 

will help in the classification and hence help to evaluate surface changes. First, we start by taking 

‘Training Sample’. Note that these samples in ArcGIS should not be more than 8 per each surface 
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classification if not it will result to errors and hence a wrong classification. After taking all of the 

samples for each land surface for classification, create and save the Training samples as a signature 

file as shown in the (Figure.19). 

 

Figure.19 

Maximum Likelihood Classification 

After saving the signature file, then processed to. At the top right hand corner of the ArcGIS 

platform, there is a box labeled as ‘Classification’ click on it for a drop down menu and select 

‘Maximum Likelihood Classification’. A dialogue box will come up permitting to ‘Input raster 

bands’ which in this case will be the pan sharpened image then move down to ‘Input Signature 

file’ which is the file from the ground samples collected, then move down to ‘Output classified 

raster’ where it will be saved then click ok. It should take some time but the results will look as 

shown in the (Figure.20). 



43 

 

 

Figure.20 

Post Classification (Map layout and Statistics) 

After a successful image classification as in the (Figure.20), readjust the colors to suite the number 

of classis and then attribute names to all the classified samples as in the (Figure.21) then evaluates 

for any surface change by comparing with another year or years. 
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Figure.21 

 

 

 

 

 

 

 

 

 

 

 

                                    (Figure.22) Steps for creating a LULC map 
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                 CHAPTER 4: RESULTS AND DISCUSSIONS 

4.1 RESULTS. 

4.1.1 Watershed Maps 

 4.1.2 The Hydrological System of the Nlonako-Muanenguba landscape 

is presented. 
The (Figure.23) shows the hydrological system of the Nlonako-Muanenguba Mountains 

down to the Atlantic Ocean. The hydrological system is made up of some very important 

rivers that flows within and without the national territory and provides a means of sea 

transportation, helps to irrigate farmers crop land, and equally helps for the cooling down 

of industrial engines located along the rivers   
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Figure.23The Hydrological System of the Nlonako-Muanenguba Mountains. 

4.1.3 Identification of all the Watersheds of the Nlonako-Muanenguba 

Mountains.  
The Nlonako-Muanenguba Mountains is made up of 2 principal watersheds and 2 sub-

watersheds. The principal watersheds include; Mungo and Wouri watersheds and sub-

watersheds include; Nkam and Manyu sub-watersheds. 
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Mungo Watershed 

The Mungo watershed covers a total surface area of 3092.869 km2 with some few 

tributaries such as the Kobe stream, Jide, Kombe, and the Jua stream all from neighboring 

rivers and cuts across the littoral region, down in to the Atlantic Ocean. It’s given the name 

Mungo watershed because the river Mungo is the principal river of the entire watershed 

and all the streams and water in the area flow into it.  

 

 

Figure.24 The Mungo Watershed 
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Wouri Watershed 

The wouri watershed is the second watershed in the Nlonako Muanenguba Mountains (Figure.25). 

The wouri watershed covers a surface area of 1628.442 km2 and is feed by the river Nkam as a 

tributary, the river Dibombe, Nkebe and the River Mbome. The main source of the river wouri is 

Koupe Muanenguba Mountains. This watershed cuts across the Koupe-Muanenguba division, 

down to Nkam and finally gets in to the Littoral as the river wouri. This watershed is named after 

the river Wouri because it is the main river of all the watershed. 

 

 

Figure.25The Wouri Watershed 
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The Nkam Sub-watershed 

The Nkam sub-watershed covers a total surface area of 3122.659 km2 down to the Atlantic Ocean. 

The Nkam sub-watershed takes its rise from the Mount Bamboutos in the Menoua divison, flows 

down through the Haut Nkam taking some of its tributaries from the Mount Muananguba which is 

in the Koupe Muanenguba division, then finally flows down to join the river Wouri where the form 

the Nkam ou Wouri river passing through the Littoral region to the Atlantic Ocean. It is given the 

name Nkam sub-watershed because majority of its tributaries are from the Nkam and Menoua 

rivers. 

  

Figure.26The Nkam Sub-Watershed 
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The Manyu Sub-Watershed 

The Manyu sub-watershed, with a total surface area of 5513.059 km2 takes one of its main branch 

from the Mount Muanenguba and flows through the Manyu division and in to Nigeria where is it 

called the Cross River. The cross river then flows down back to Atlantic Ocean. It is called the 

Manyu sub-watershed because it flows out of the region of interest and contributes more out the 

area of interest.  

 

 

Figure.27 The Manyu Sub-Watershed 
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4.2.1 To identify the Degradation rate of the Nlonako-Muanenguba 

Mountains since 2000 and identify potential areas for restoration. 

4.2.2 Land use/Landover Map of the Nlonako-Muanenguba Mountains 

for the year 2000 
From the LULC map of the Nlonako-Muanenguba Mountains for the year 2000, the results shows 

that, bare soils covers an area of 19.668 km2 (3%), buildup areas covers a 20.206 km2 (3%) of the 

total surface area, the cloud cover occupied a 10.539 km2 (2%) which prevented the LULC class 

of that area from being classified. Dense vegetation also covered a 111.468km2 (19%) of the total 

area while grass land and less dense vegetation covers 123.708 km2 (21%) and 292.270 km2 (51%) 

respectively. The fig below is a tabular representation of the statistics obtained. 
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Figure.28 LULC Map of Nlonako-Muanenguba Mountains for the year 2000 
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Figure.29 Percentage occupied by each LULC class in th year 2000 
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4.3.1 Land use/Land cover Map of the Nlonako-Muanenguba Mountains 

for the year 2021 
The map presented in (Figure.30) is the LULC map of the Nlonako-Muanenguba Mountains in 

2021. The proportions covered by each LULC class is as follows. Bare soil covers an area of 

60.574 km2 (11%), build-up area covers 24.271 km2 (4%), the cloud cover occupied a 3.574 km2 

(1%). Dense vegetation also covers 64.894 km2 (11%) while grass land and less dense vegetation 

covers 147.379 km2 (26%) and 275.100 km2 (48%) respectively (Figure.31) 

 

 

Figure.30 LULC Map of the Nlonako-Muanenguba Mountains for the year 2021 
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Figure.31 Percentage occupied by each LULC class in th year 2021 

The data on the (Figure.32) reveal that during the 21-years period, several land use changes 

occurred in particular, an increase in areas covered by bare soil from (3%) in the year 2000 to 

(11%) in the year 2021 was highlighted, corresponding significant drop in the total surface area. 

Also, a significant drop at the level of dense vegetation from (19%) in the year 2000 to an (11%) 

in the year 2021. Less dense vegetation also saw a significant decrease by 51% to 48%, meanwhile 

grassland saw an increase from 21% in the year 2000 to 26% in the year 2021 this suggest an 

increase rate of deforestation within the period. And a slight increase in buildup area from 3% to 

4% respectively for the time interval of the study. Such increase is due to the high rate of 

deforestation towards vegetation stands and to the small holder plantations in the North parts of 

the study area. The human causes of environmental degradation in the study area is identified on 

the basis of analysis and interpretation of data, specifically current land uses and satellite images. 

Accordingly, the proportions of the main causes that is land-use related are measured and presented 

in (Figure.32). 
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Figure.32 

The (Figure.33) shows a significant change in the LULC which can be recognized, and the type of 

LULC conversion taking place can be identified. From 2000 to 2021, bare soils saw a relatively 

dramatic increase in size from 19.6687km2 in 2000 to 60.5741 km2 in the year 2021. The areas that 

contributed the most to this change were vegetation land. This suggest logging and development 

not leaving out the cutting down of the forest for farm land (agriculture). During the same time 

span, buildup areas also saw a slight increase in size from 20.2068 km2 to 24.2714 km2 respectively 

following the duration of study. The majority of this change came from the development of 

vegetation land into farm land for agriculture and logging purposes. Less dense vegetation saw a 

decrease in size from 292.2707 km2 to 275.1009 km2 respectively. Some of the dense and less 

dense vegetation converted to grass land thus and increase in the area of grass land from 123.7087 

km2 in the 2000 to 147.3796 km2 in the year 2021, while some of it was converted to buildup. 

Finally, dense vegetation areas saw a drastic decrease in size from 111.4686km2 to 64.8945km2. 

The largest portion was converted to land for farming which is the drastic drop in dense vegetation, 

with another portion converted to bare soil, and a significant portion to less dense vegetation. 
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Figure.33 

4.3.2 The Importance of the Landscape (Nlonako-Muanenguba 

Mountaisn) to the Cameroon govertments. 
The Nlonako-Muanenguaba Mountains watersheds have a long term economic importance both to 

the Cameroonian government and the people of this great nation. On the other hand, countries such 

as Nigeria and the Central Regions of Africa also benefits from the water that flows from these 

mountains. The Nlonako-Muanenguba Mountains are important for the follwing reasons namely: 

1. A key watershed for the principal Rivers of Cameroon, namely the Moungo and Wouri 

Rivers. While the Wouri estuary provides the site where the biggest Cameroon sea port has 

been constructed and the life wire of the economy of Cameroon and the Central Africa Sub 

region, the Moungo River provide over 80 % of potable water in the metropolitan city of 

Douala where over 7 million people live. 

2. The presentation of these Nlonako-Muanenguba mountains Watersheds is so key to the life 

of Cameroonians. The Mount Nlonako, also drains some tributaries of the Manyu River 

that drains into Nigeria showcasing the international significance of the Nlonako-

Muanenguba Mountains watersheds. 

3. The site of the historic culture of the Mbos and Bakossi people. This mountain complex 

represents or lodges the shrines and have species of biodiversity such as Goliath frogs that 

play a significant role in the culture of Mbo/Bakossi people. 

4. The Nlonako-Muanenguba Mountains represents the greatest site for the conservation of 

amphibians and reptiles on continental Africa and hence a source of great natural heritage 

that needs preservation. While the Mount Muanenguba has been proposed for the creation 

of a herpetological Sanctuary, a similar proposition is also being considered to create the 
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Ekom-Nkam Waterfall Sanctuary to protect the rainforest and biodiversity of part of Mount 

Nlonako. 

The management of the Nlonako-Muanenguba Mountains as a conservation complex would be a 

key to the long-term socio-economic development of Cameroon. Though part of Mount Nlonako 

has been placed under forest exploitation. It will still be very critical to manage the Nlonako-

Muanenguba Mountains as a composite conservation complex since majority of the indigenous 

people of the area depends directly or indirectly on the mountains rich biodiversity for survival 

(food, fuel wood and medicine). Thus this seek to reposition the importance of the Nlonako-

Muanenguba Mountains watersheds to the long-term economic development of Cameroon on the 

one hand and Nigeria/Cameroon and Central Africa Region on the other hand. 

4.4 DISCUSSIONS  

Vegetative cover areas for this study by application of MLC, a high decrease in the vegetative 

cover in most parts of the study area was observed. The North-western parts of the area of interest 

registered the worst situation and the highest decline in the vegetative cover during the mentioned 

years. They were 111.4686 km2 for the year 2000 and 64.8945km2 for the year 2021 respectively. 

This results reveal that vegetation degradation, which is mainly due to deforestation and human 

activities, is a major reason of the land degradation problem in Nlonako-Muanenguba Mountains. 

Human activities including farm for agriculture and unsustainable logging have left many bare 

soils on the fragile ecosystem of the Nlonako-Muanenguba Mountains. When comparing this 

results with that of A. Hadeel , Mushtak Jabbar & Xiaoling Chen in their book titled “Remote 
sensing and GIS application in the detection of environmental degradation indicators” which was 
published online on 14 Aug 2012, revealed that during the 20-year period, several land use changes 

occurred; in particular, a decrease in areas covered by vegetation (24.1%) was highlighted, 

corresponding to an average loss of 342.2km2.  

Equally, the watershed of the Nlonako-Muanenguba Mountains are faced with pressure from 

human activities as areas that were occupied by the watersheds are now being gradually shifted 

into cultivated land . If this should continue at same rate, the watersheds will be lost to bare soil 

thus no water for the local population.  

4.5 CHALLENGES 
There were many challenges faced during the preparation of this work which include: 

- Downloading of satellite images for the work was not easy as there were many images with 

errors and huge cloud cover. 
- Also the poor network connection slowed down the downloading of images which made it 

took longer than usual to acquire them. 
- Data such as shapefiles, documents and scientific articles were difficult to find since little 

or nothing have been done in the area with regards to Ecosystem Restoration and 

watersheds. 
- So many sleepless nights were spend trying to compile this work as it was my first time 

bringing so much research into one piece.     
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CHAPTER 5: CONCLUSION AND RECOMMENATION 

5.1 Conclusion 
This study centered on the case study of ecosystem restoration and a need for the water fund in 

the Nlonako-Munaneguba Mountains. The landscape is made up of 2 Mains Rivers, the Dibome 

and Nkebe that flows into the Nkam to form the river Wouri. The analysis gathered from the 

DEM identified 2 principal watersheds and 2 sub-watersheds around the Nlonako-Muanenguba 

Mountains. The land use/land cover for the years 2000 and 2021 was assessed through the 

maximum likelihood method of classification. Six major classes namely bare-soil, build-up, less 

dense vegetation, dense vegetation, grass-land plus the cloud cover (on both images) were 

identified. There were some changes (decrease) in the vegetative cover of the Nlonako-

Muanenguba landscape and an increase in bare-soils, with a slight increase in the buildup areas. 

Also, a relative drop in the less dense vegetation cover from 51% in the year 2000 to a 48% in 

the year 2021. And increase in grass land cover from 21% to 26% respectively. The stakeholders 

involve in this landscape are made up of the various government ministries MINFOF, 

MINADER, MINEPDED, MINEPIA and MINEPAT not leaving out the local population, 

traditional authorities, Mbos and Bakossi people, local NGO and enterprises……. 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 Nlonako-Muanenguba watersheds. 

5.2 Recommendation  
This study gives recommendations to the following: 

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.  

The government should equally great protected areas in the so as to conserve the biodiversity  

NGO 

- Develop participatory landscape management program to assist in livelihood development and 

reduce degradation and deforestation as well. 

- To assist the government in the protection and restoration of key water catchment and streams 

in the Nlonako-Muanenguba Landscape. 

Local communities 

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

ecosystem. 
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Researchers 

 

They should be more research in the area by employing other spatial techniques like modeling the 

socio-economic and environmental concerns within the watershed. 

- They should 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. 

- They should also identify the different stakeholders involved in watershed management, their 

role in the landscape, their impact on the hydrological system and proposed measures for the 

creation of a water fund. 

. 
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