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Abstract 

The Lom Panga River Project is a true testimony of Development Projects in 

sub-Saharan Africa where the impoundment of water has become a major 

issue. Amongst the most remarkable impacts is the impact of this Dam on the 

Vegetation and/or ecology in particular and spatial Land Cover dynamics in 

general. In this way a mapping of the area that is affected becomes 

indispensible in order to evaluate the effects on vegetation. The research 

methodology that has been adapted to establish this paper entailed the use of 

topographical maps, Aerial photographs and Satellite images. These sources 

facilitated map to map, image to image and map to image comparisons. Other 

information was canvassed by way of interviews. Internet sources have 

equally contributed enormously to this research. The findings related to NDVI 

results show a decrease in Vegetation reflectance. Meanwhile, the results of 

Land Cover Classification show a predominance of Forest in 2002, a drop in 

2011 with commencing of the Dam and total loss of vegetative surface in 

2016. These results thus revealed that 10196 hectares of the forest was lost in 

favour of the dam construction. The measures that have been proposed to 

revamp the situation entail sustainable management practices. 
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1-INTRODUCTION 

It is obvious that any ecosystem that is witnessing the influence of man is bound to 

have some Land Cover changes. What becomes much more preoccupying is the 

degree of change and rippling effects. In addition to this, man-induced impacts are 

outstanding such that what was two to three decades ago in the environment is no 

longer the case today. Thus it is worthwhile noting that, where the change has not 

been imposed by direct spatial need for construction it has been necessitated by either 

food needs or giant developmental projects. Measuring the extent of the impact of 

man on ecology and land cover is increasingly becoming an order of the day. This is 

why the most tedious part that entails measurement on the ground is being beefed-up 

if not totally replaced with Remote Sensing and GIS device. 

An array of works deal with general aspects of Remote Sensing and how they are 

contributing to the nature and the relevance to sciences and disciplines. Examples of 

these works include those of Lillesand et al (1979), Kokolwin et al (1998), CCT 

(2002), Aplin (2006) & Wang (2014). Other existing literatures are more concerned 

with the treatment of images in order to facilitate interpretation and analyses.  

Reviewed works that are more oriented towards treatment of images include those of 

Assako  (1998), Moshen (1999), Pratt (1991) Akono (1994), Tonye et al (2000), 

Begue et al (2010). Meawhile some works proceeded with treatment of images and 

land cover change. Good examples include those of  Turner et al (1995), Wear et al 

(1998), Jukka & Aristide (1998), Neba Shu  (2003) Ngouanet et al (2006);  Nkwemoh 

(2011),  Lambi and Kah (2012), Nkwemoh (2016),  

Land-cover change has caused and will continue to cause dramatic changes in the 

structure and function of ecosystems (Meyer and Turner, 1994). The most remarked 

of these land cover dynamics is that of vegetal cover. This entails forest and 

grasslands. A forest is a complex ecosystem consisting mainly of trees that buffer the 

earth and support a myriad of life forms. Trees help create a special environment 

which interns affects the plants and animals that can exist in the forest. According to 

Food and Agriculture Organization (FAO) defined forest as a land with the ground 

cover (or equivalent staking level) of more than 10% and an area more than 

0.5hectars. the trees should reach a minimum height of 5m at maturity. According to 

the United Nations Framework Convention on Climate Change(UNFCCC) defines 

forest as a minimum area of land of 0.05-1.0 hectares with tree crown cover (or 



Application of Remote Sensing and GIS in the Evaluation of the Impact… 119 

equivalent stocking level) of more than 10-30 per cent with trees with the potential to 

reach a minimum height of 2-5 meters at maturity in situ.  According to Act No. 94-

01 of 20 January 1994 on the forest regime of Wildlife and Fisheries, in Article 2, are 

considered forests, "the Land with a vegetation cover in which the predominant trees, 

shrubs and other species likely to provide other products than agricultural " 

According to the UN, FAO 42.1% or about 19,1916000hectars of Cameroon is 

forested. Although other estimates put forest cover at up to 48% change in forest 

cover. Between 1990 and 2010, Cameroon lost an average forest of 220,000hectars or 

0.9% per year. In total, between 1990 and 2010 Cameroon lost 18.1% of its forest 

cover or around 4,400,000hectars. This is because of mass forest exploitation, 

Urbanization, developmental project such as the construction of dams like the Mekin, 

Memvele, lom Pangar hydroelectric dams project, the construction of sea port for 

example the Kribi deep sea port, setting up of plantation such as the CDC, SGSOC 

and many others. These are considered as a major threat to the forest sector of the 

country because for this to go on well, large expenses of forest land must be put down 

bringing forth deforestation.   

Lom Pangar hydroelectric power dam is one of the developmental projects in 

Cameroon. It consists of the construction of a dam to retain 6billion m3 downstream 

from the confluence of the Lom Pangar river to ensure that there is sufficient water to 

supply the existing power station of Song Loulou and Edea during the dry season and 

to supply enough energy to the eastern region of Cameroon. It occupies total capacity 

of 6km3, water height of 672.7m. It is carried out by Electricity Development 

Cooperation (EDC).  The main problem of this Article centers on loss of vegetation 

as a result of the impoundment of water. The work thus aims at utilizing Remote 

sensing and GIS technics in measuring loss of vegetal cover as a result of the 

hydroelectric dam construction in Lom Pangar. 

 

2- BIO-PHYSICAL BACKGROUND  

The Lom Pangar dam project area is located between longitudes 13°20’ and  14°10’ 

East of the Greenwich Meridian and  latitudes 5°15’ and 5°40 North of the Equator 

(Figure 1). It is bounded to the North by the Ngoundal, Dir and Maiganga 

Subdivisions; to South by the Belabo Subdivision; to the West by the Yoko 

Subdivision and to the East by Garoua Boulai Subdivision. Administratively, the  

Lom Pangar project covers part of four different sub divisions and this includes; 

Belabo, Betare Oya and Mandjou sub divisions, found in the Lom and Djerem 

Division of East Cameroon. 
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Figure 1: Location of the Lom-Pangar Project 

 

The relief of the zone is rather diverse and very rugged. It originated from different 

tectonic movements that took place during geological time scale. This relief reveals 

features as small low-lying hills with an average 650 meters ASL.. The hills are 

separated from valleys which serve as beds for a dense hydrography and thus for most 
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of the rivers that traverse the zone and merge with the Sanaga River. The Lom river 

takes its rise from the foot of Ngaoundal from the Republic of Central Africa on the 

South-East border of Adamawa to 70 km to the east of Meiganga. It meanders 

towards the confluence with Pangar the most important of the tributaries is 23 km 

before the confluence with the Djerem. Around 20 km downstream of the dam site, 

the Lom and Djerem join to form the Sanaga. The Lom is the biggest contributor of 

Sanaga which has not been regulated by a dam/reservoir. The Lom and Pangar rivers 

are weakly mineralized, presenting a good physical and chemical quality. They have 

neither detected the presence of heavy metals in the river nor sediments. What can be 

observed is the low concentration of mercury (Oreade-Breache 2011). All these 

properties make it good for its exploitation in dam creation.  

The area is characterized by a  bimodal system that reflects an Equatorial zone 

marked by four seasons of unequal durations: - The long dry season (mid-October to 

March) - The short dry season (June to mid-August) - The long rainy season (from 

mid-August to October) - The short rainy season (March to June). The soils of this 

zone are predominantly ferallitic sandy clay or clayey limestone that are usually 

found in the plains with a laterite curd. Apart from the existence of rocky blocks 

covered with a lateritic rocks mantle there is the conspicuous presence of 

Hydromorphic soils in the valleys. The study area is found in the region floristic 

Guinea Congolese-area of dense moist semi-deciduous forest. Near the forest limit is 

Savannah, it has phyto-geographical units in two sub assemblages. They include the 

Guineo-Sudanian sector (with its various savannah facies, and the semi deciduous 

forest sector) and the peri-forest savannahs (with all gradations between wooded 

savannahs and savannah Grass that occupy 1/3, or 2 000 km2 of the geographical 

area) (Letouzey, 1985).  

 

3- MATERIALS AND METHODS 

The methodology that has been adapted entailed Classical and empirical approaches. 

Data was collected from secondary sources via main Libraries of the University, of 

Yaounde, the World Bank, and the Ministries of Environment, Forest and Fauna, the 

Delegations of Agriculture and Rural Development as well as Housing and Town 

Planning, Livestock Fisheries and Animal Husbandry. Topographical of sheets Deng 

Deng at the scale 1:200 000, Maiganga and Betare Oya at the scales 1:50.000, Aerial 

photos (1965 & 1984) and Satellite images  have been utilized for location and 

mapping of specifics sites.  

In order to establish comprehensive satellite images to determine land cover and land 

use, information was gotten from LANDSAT. We proceeded with access to the GLCF 

(Global Land Cover Facility) and then the ESDI (Earth Science Data Interface). With 

the study of images from MSS (Multi Spectral Scanner or Generation 1 satellite) and 
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TM (Thematic Mapper or Generation 5 satellite) and ETM+ (Generation 7 Satellite) 

we proceeded with a workable procedure which entailed the determination of the path 

and Row. Using the ETM+ (Enhanced Thematic Mapper +) the Scene that carries 

Lom - Panga could be traced following. The path is 184 and Row 056 between the 

period 2002 (date before the project), 2011(date of commencement of the project) and 

2016 (date after the project). Given that each Scene has a surface area of 185 km2 and 

that the scene is composed of many pixels with each pixel having a surface area of 

30m, we proceeded with downloading. we had to determine the various bands in order 

to exploit and show the various aspects that constitute the land cover classes. ASTER 

Images also assisted in the elaboration of Digital Elevation Model (DEM) and the 

Hydography. 

The ERDAS software program was then utilized in the location and combination of 

the various colour bands. Then the bands appear with the possibility of RGB colour 

instead of gray scales.  With, the Supervised and on  Signature Editor, then zooming 

of the image, the sample by polygones of each form of feature is taken and attributed 

a colour. For instance green for vegetation, brown for bare surfaces and blue (or water 

surfaces). Global Position System (GPS) was equally utilized for collection of points 

for precition 

The Normalized Differential Vegetation Index (NDVI) is a standardized vegetation 

index which allows us to generate an image showing the relative biomass. The 

chlorophyll absorption in Red band and relatively high reflectance of vegetation in 

Near Infrared band (NIR) are used for calculating NDVI. Here we are using the 

Landsat image acquired from USGS Earth Explorer. The data is inTiff format with 

16-bit radiometric resolution (ranges from 0-65535). Landsat 8 Operational Land 

Imager (OLI) and Thermal Infrared Sensor (TIRS) images consist of nine spectral 

bands with a spatial resolution of 30 meters for Bands 1 to 7 and 9. The resolution for 

Band 8 (panchromatic) is 15 meters. In addition, it has two Thermal IR bands with a 

spatial resolution of 100m (later resampled into 30 m). Before calculating the NDVI 

the DN data must be converted to reflectance using the equations given below. Here 

the IR and NIR bands are 4 and 5 respectively. The formula below was used to 

calculate the NDVI.  

𝐍𝐃𝐕𝐈 =  
(𝐍𝐈𝐑−𝐑𝐄𝐃)

(𝐍𝐈𝐑+𝐑𝐄𝐃) 
   

 

Table 4 shows the spectral characteristics of Landsat 8 and the selected bands used 

for calculating NDVI.  
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Land Cover Calculation  

  
𝐿𝐶𝐶1

𝑇𝐿𝐶
x

100

1
 = % LCC1 of TLC 

 

LCC1b-LCC1a  = Rate of  change for LCC1 for 10years 

Where LCC  = Land Cover Class 

              TLC = Total Land Cover 

              LCC1a = Land Cover Class for Built –up area for the year 2002 

              LCC1b = Land Cover Class for Built –up area for the year 2011  

              LCC1c = Land Cover Class for Built –up area for the year 2016 

 

4- RESULTS AND DISCUSSIONS 

This section deals with Normalize Difference Vegetation Index (NDVI) Analysis; 

Analysis of Land cover dynamics before, during and after the project  and then the 

Socio- Economic and Ecological impacts of the Dam Project    

 

4.1- Normalize Difference Vegetation Index (NDVI) Analysis  

Generally, the value of NDVI is divided into non-vegetated and vegetated land. As 

mentioned before about the value of NDVI, the negative values and zero value 

represent non-vegetated land while positive values represent vegetated land.  

 

 

Figure 2: NDVI density map of lom Pangar 2002 
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Figure  3: NDVI density map of lom Pangar 2011 

 

 

Figure  4: NDVI density map of lom Pangar dam project 20 

 

Figure 2, 3 and 4 show the different NDVI results for three different years. The 

highest values are found on the more vegetated soils and presumably because 

reflection from the vegetation is high, and produces high values in NIR band and high 

values in red band; hence the NDVI values are high.  
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The negative values that is -0.490909 signified areas where there is low and absence 

of vegetation where as high values of about 0.692883 are areas of high vegetation 

cover. The difference however, presents the NDVI of 0.2. This shows the presence of 

high vegetation cover.  

As indicated in figure 2 for image 2002 (ETM+) shows that, the NDVI values 

fluctuate from –0.37037 to +0.432258, for image 2011 (ETM+) the derived values 

vary from -0.490909 to   + 0.692833 and for image 2016 (OLI_TIRS) values varies 

from -0.125735 to + 0.354222. From this we can understand that there is a significant 

change between vegetated land and non-vegetated land from year 2002, year 2011 

and year 2016. The lowest values are found on the less vegetated soils and 

presumably because reflection from the water is low, and produce low values in NIR 

band and low values in red band; hence the NDVI values are low. The reduction in 

the vegetation reflectance is because the vegetation was being replaced by water (the 

dam construction). 

The Normalized Difference Vegetation Index for the three different years shows the 

variation in vegetation. Figure 5 below show this decrease  

 

 

Figure 5: The variation of vegetation between 2002, 2011 and 2016 

 

4.2- Analysis of Land cover dynamics 

Landsat images for 2002, 2011 and 2016 were used to supplement existing maps and 

data. The ERDAS IMAGINE program was used to attribute colour combinations to 

Land Cover Classes (LCC).  The ARCGIS program in combination with the above 

software was subsequently used in delimiting various land cover classes. The 

technique has been utilized with success by Assako Assako (1998), Bauer & als 
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(2003); Pratt (1991), Tonye & als (2000) and Nkwemoh (2017).   

Five cover classes were identified as follows: Built up area, Bare surfaces, Forest 

Vegetation, Savannah and Water surfaces. Built up area entails the area consisting 

human activities in in terms of buildings and road networks. Bare surfaces include 

areas with rock outcrop or with no vegetal cover or exposed for agriculture. Dense 

Forest incorporates the dense moist semi-deciduous forest and young, and gallery 

forest.  Savannah includes the three types of Grasslands observed by Letouzey (1985) 

that include: Grassy savannah, shrubby Savannah and Tree/woody Savannah. Water 

Surfaces include Streams/Rivers/ Water courses (such as Lom Panga river and its 

tributaries), ponds, maars/lakes and Reservoir.  

 

4.2.1- Analysis of Situation before the Dam Project. 

Finding from field survey permitted us to realise that the area was initially covered by 

different aspects that illustrated the role of man and his land use and nature. Utilizing 

base satellite images we were able to establish a land cover classification for the study 

area (Figure 6)  

 

Figure 6: Land cover map of Lom Pangar (2002) 

 

As can be viewed in Figure 6, built up areas occupy the lowest percentage that is 

0.03% of the total cover class value that is 21hectars of land. The low percentage is 

basically due to the fact many people had not yet settled in this area. Forest occupies 
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39108 hectares that is 52.7% of the total class values. This value shows that’ in 2002 

forest occupied the highest proportion of the study area. This was because large 

exploitation blocs had not yet been attributed in this area. The area was principally 

known for hunting activities as the image show little percentage of young forest or 

secondary forest. Bare Surfaces 22351 hectare and these accounts for 30.12% of the 

total surface area. Savannah covers 8183 hectares and this accounts for 11.76% of the 

total surface area. Water bodies occupy 6.1% of the total class value that is 

4553hectares of land. At this level water was still at it normal state governed by 

natural factors. Other land use cover is occupied by bare surfaces and the savannah 

with 42.5% of the total class value for that year. The table below summarizes this.  

 

4.2.2- Analysis at the Commencement of the Project 

The 2011 image show an evolution on the site of Lom Pangar. This image was taken 

in 18 January 2011 the year that the project started (Figure 7).  

 

Figure 7: Land cover map of Lom Pangar dam project (2011) 

. 

Built-up area has increased from 21 hectares in 2002 to 61 hectares in 2011 that 

occupies 0.08%. This slight increase is due to increased human activities with 

population explosion in this area. Forest occupies 36904 hectares that is 50.03% as 

against 52.7% in 2002 of the total class values. The percentage change here is 2.7% 
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decreased in forest cover. This reduction was due to an increased in forest 

exploitation and other human activities that led to forest degradation such as 

agriculture. It is within these years that the Deng Deng forest reserve had to be 

created to prevent the hard wood specie of forest. Bare Surfaces cover 20747 hectare 

and these accounts for 28.13% of the total surface area. Savannah occupies 22351 

hectare and this accounts for 17.1% of the total surface area. 

Water surfaces occupy 3434 hectares of land that is 4.7% of the total class values. 

This shows a decreased in the volume of water as compared to 2002 where water 

occupied 6.13% of the area. The reduction in the water level is equally climate 

change effects where water bodies were drying up. This explains the reason why 

between 2010 and 2013 we mostly had electricity fluctuation and shortages since 

there wasn’t much water to supply the Song loulou and Edea power stations as a 

reduction in this volume of water. Presently we haven’t experienced such shortages in 

electricity thanks to the Lom Pangar dam project that the construction has increased 

the flow of water and extend to these areas.  

 

4.2.3- Analysis  of the Situation after the Completion of the Project 

The satellite image 2016 image was taken after the project has been completed 

(Figure8).  

 

Figure 8: Land use map of Lom Pangar dam project (2016) 
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This is aim at evaluating the forest cover lost as an impact of the project 

Built up area occupies 391 hectares of class making up 0.53% of the surface. The 

increase from 0.08% to 0.53% is due to the implantation of the dam infrastructure. 

Forest cover which includes young, gallery and deciduous forest now occupies an 

area of 26708 hectares, being 41 .23% of the total surface area. This value compared 

to 2011 which was 50.03% shows a decreased of 16.03% between 2011 and 2016. 

Equally this value shows the percentage of the forest that was being exploited in order 

for the project to be constructed. Therefore, the total amount of forest that was lost as 

the result of the dam construction is 10196 hectares as reveal by the satellite image. 

Apart from forest cover, other land use such as Savannah was also destroyed because 

of the dam construction. Bare Surfaces occupy 21082 hectare and these accounts for 

28.58% of the total surface area. Savannah occupies 4010 hectare and it accounts for 

5.44% of the total surface area. Meanwhile, Water surfaces account for the highest 

percentage of the total class value being 29.24%. Since the main aim of the project 

was to increase the volume of water, the high percentage of water is best explained by 

the dam construction. The data on land cover distribution for each study year as 

derived from the maps are presented in Table 1.  

 

Table 1 : A Recapitulation of Land Cover Distribution (2002, 2011, 2016) 

LAND COVER 

CATEGORIES 

2002 2011 2016 

Area 

(Ha.) 

Area 

(%) 

Area 

(Ha.) 

Area 

(%) 

Area 

(Ha.) 

Area 

(%) 

Bare surface  22351 30.12 20747 28.13 21082 28.58 

Built-up area 21 0.03 61 0.08 391 0.53 

Forest vegetation 39108 52.69 36904 50.03 26708 36.21 

Savannah 8183 11.76 12612 17.1 4010 5.44 

water bodies 4553 6.13 3434 4.66 21570 29.24 

Total  73763 100 73763 100 73763 100 

 

4.4- The Socio- Economic and Ecological impacts of the Dam Project    

The influx of the population in this area as a result of the Lom Pangar project has 

increased the rate of prostitution. This has led to moral decadence and the spread of 

diseases in the localities there.  More-so moved by the Lom Pangar hydroelectric dam 

project in eastern Cameroon, a hunting village had to re-learn a new way of 
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subsistence which is fishing without having access to water. This has made it difficult 

for them to survive. The Lom Pangar dam construction is not all that negative as from 

the impacts presented above. It has some positive aspects to the localities of Lom 

Pangar. 

The Electricity Development Cooperation (EDC) that constructed the dam did not 

just do that but further contributed to the development of the localities there. The 

Ngura district benefited from the construction of a borehole, a block of two class 

rooms, equipped with thirty benches, two chairs and an administrative block. The 

infrastructure has helped the Carga Sarali public school to supervise their students. 

Furthermore, the EDC promises to go constructing the access embankment on the 

Lom in the Tourake. This will inevitably create jobs for the sons of the locality.   

Moreover, there is a project to rehabilitate health infrastructures such as the regional 

hospital of Bertoua and the Belabo, Deng-Deng, Mandjou, Ndokayo, Garga-Sarali 

and Bouli health centers. A set of socio-economic measures aimed essentially at 

improving the living conditions of the populations. EDC has undertaken to draw up 

the Local Development Plan (PDL) and the Cantonal Development Plan (PDC), 

whose projects are already available, will be validated at regional level in the coming 

days ". These two plans are of importance for EDC, in view of the socio-economic 

stakes of the Lom-Pangar project, which have many expectations. They will support 

activities related to the development of agriculture, livestock, fisheries and gold 

panning. In the meantime, the grievances expressed by the populations of these 

villages concern the equipment of the newly-retroceded communal houses, the 

construction of a fishing landing-place in the Ngoura district and the electrification of 

the villages impacted by the construction of the Lom-Pangar dam.  

 The loss of trees and some species of organism as a result of dam construction has 

led to a reduction in the state revenue. This is because part of it revenue comes from 

forest exploitation and granting of hunting permits. 10196 hectares of forest was 

taken up for the construction of the dam and part of it is hard wood that is found in 

the Deng Deng Forest Reserve. This is a great sacrifice by the state and to the 

detriment of the economy of Cameroon.  Even though dam construction is a 

developmental project which would eventually speed up development in the country, 

it will take some time.  

Ecologically; the illegal hunting and the felling of the trees destabilized the ecosystem 

equilibrium. It has eliminated the young and the mature species of animals and some 

are forced to migrate to different areas. This explained why the elephant specie and 

other big mammals disappeared. The increase in the population in the villages at the 

peripheries south of the Lom Pangar dam is risky because it only provokes further 

degradation of the ecosystem by the anarchic invasion of forest and high pressure of 

hunting even in the protected species. Moreover, the high demand of bush meat by 
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the population increase the poaching rate. The reduction of forest cover directly 

influence CO2 absorption in the atmosphere. This assertion is true for the case of 

Lom Pangar electricity dam project even though the percentage is not known but it 

contributed to the reduction of the CO2 absorption capacity. The replacement of 

forest cover with water contributes to floods in case of high rainfall.  

 

5- CONCLUSION 

This research work demonstrates the ability of GIS and Remote Sensing in capturing 

spatio-temporal data and measuring the rate of vegetal degradation in the area under 

study. As could be viewed from satellite images there was an increase in settlement in 

the pre-Dam years. This rapid rate of settlement expansion before the project 

(evolution showed a gradual reduction in forest cover between 2002 and 2011) in turn 

triggered and exacerbated a rate of Land Cover change in the Lom Pangar area. This 

is viewed in the lay out of specific land cover classes ranging from forest land, 

grassland, Farm lands, Bare surfaces, and constructed spaces. 

The study equally concludes that the completion of the Dam project in 2016 has 

permitted the existence of only one Land cover class (water/dam)  to the detriment of 

all the other Land cover Classes. Most importantly, 10196 hectares of forest has ceded 

its surface area to the reservoir. This has therefore exacerbated vegetal degradation 

since the resettled population has to equally go to the vicinity of the project area for 

its vegetation. This situation therefore calls for an urgent reaction through judicious 

planning by the powers that be to establish a sustainable environment as the ultimate 

solution. 

The degradation of vegetation is not an unstoppable or irreversible process. Increased 

and concerted efforts in forest plantation ‘rebirth’ and rejuvenation will bring to use 

the type of forest reserve we envisaged. In order to reduce the effects of deforestation 

around the Lom  Pangar Area  it is recommended that; Government by way of policy 

should be strict in preserving forest reserves from illegal occupation. There should be 

the promotion of alternative energy sources to fire wood in order to reduce the 

pressure on the forest. Development and promotion of trade in non-timber forest 

product should be enhanced to reduce the pressure on timber resources and to assure 

rural livelihood. It is strongly recommended that any form of forest plantation 

degradation should be stopped forthwith, having realized the purpose for which the 

reserve was meant for. The available vegetation area and the farmland should be 

converted into forest plantation of exotic fast growing species. 
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