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ABSTRACT 

 This paper focuses on analysis of degraded areas, for this study, the Land 

use/Land cover change in the study area, between 1986, 1996, 2006 and 2016 

was determined using remotely sensing and Geographic Information System 

(GIS). Landsat (Enhanced Thematic Mapper) ETM with 30m resolution; 

Landsat7 for 1986, 1996 &2006 while Landsat 8 for 2016 was used. The main 

concept of the research was based on Hierarchy theory in which land 

degradation is assumed to be a complex process that include both biotic and 

abiotic elements, so as to understand the ecosystem dynamics. The Landsat 

imageries were downloaded from the earth explorer covering the study area. 

The downloaded satellite images were corrected for both radiometric and 

geometric errors from the vendors. Subsetting of these images was carried out 

to obtain the area of interest. ArcGIS 10.3 was used to perform image 

classification using maximum likelihood algorithm. The result of the work 

showed a rapid growth in built up areas between 1986 to 2016. While between 

1986 to 2006 witness reduction in water surface areas and thus an increase in 

bare surface areas. The NDVI for same period shows the level of depletion of 

vegetation cover thus, land is being degraded. Suggestions were therefore made 

at the end of the study to use the information as contained therein for 

sustainable Land management 
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INTRODUCTION 

Land degradation is an issue of increasing global concern; it threatens not only 

the productivity of land but also water quality, human health and the 

fundamentals of ecosystem on which life depends on. It causes the loss of 

productive potentials, this has receives a wide area of concern due to its 

significant negative impacts on production Barrow(1994) affirmed land 

degradation causing productivity decline at an alarming rate. Land degradation 

has become a global phenomenon and is currently threatening the ecosystem 

which is mainly caused by climate changes and human influence (Farooq, 

Fatima and Kashif, 2014). According to the United Nations Convention to 

Combat Degradation (UNCCD). Land degradation is the reduction or loss in 

arid, semi-arid and dry sub-humid areas, of the biological or economic 

productivity and complexity of rain fed crop land and wood lands resulting from 

land uses or from a process or combination of process, including processes 

arising from human activities and habitation patterns. 

Land degradation is caused by a variety of complex interrelated degradation 

process, these include: 1) soil degradation 11) vegetation degradation, 111) 

water resource degradation and 1V) soil or water pollution Ann (2002) 

Remote sensing data and Geographical Information System (GIS) tools can 

offer unbiased view of large areas, with spatially explicit information 

distribution and time repetition and has thus been widely used to monitor land 

degradation, pattern and change detection at regional scale Farooq (2013). 

Remote sensing has long been recommended for its potentials to detect, map, 

monitor and analyze degradation problems (Hellen and Stern, 1980) including 

their spread and effects with time. Use of remotely sensed imagery on the bases 

that traditional survey becomes expensive and time consuming. 

Based on various research studies carried out in Adamawa State, there is that 

death of information between land cover types and natural phenomenon such as 

rainfall and other climatic conditions. While this information exists, on the 

presence of anthropogenic activities, main drivers of land degradation and the 

underlying factors that drive this degradation are lucking. These lacks of 

information implies that whatever program put in place for sustainable use of 

resources in Adamawa state would not yield the desired result. Hence this 

research study is aimed at analyzing land use land cover mapping of degraded 

areas in Mubi/North and Gombi local governments of Adamawa state using 

satellite imageries of 1986, 1996, 2006 and 2016. 

The research would address some of the main land use/ land cover features from 

1986 to 2016 time period and would examine what changes that have occurred 

in land use/ land cover(LULC) within the period of the study. And how the 

growth in population affects the vegetation and agricultural lands.    Knowledge 
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of the spatial distribution of LULC is relevant as to know the availability of 

resource base as such they become a significant basis for planners in drafting 

and implementing developmental plan for sustainable use of land resources as 

well as for resource restoratration and quality enhancement. 

The research study covers two local government areas in the northern part of 

Adamawa state, Mubi/North and Gombi. The study  identified and mapped the 

LULC changes from satellite imageries of 1986, 1996, 2006 and 2016 time 

period. The temporal and spatial data of these satellite imageries were analyzed 

to determine the extent and changes in land cover types and the extent of these 

changes.Adamawa state has three ecological zones, namely;Southers guinea 

savanna covered by four local governments;Norther guinea savanna covered by 

six local governments and Sudan savanna covered by eleven local government 

areas. The choice of Gombi and Mubi/North was based on their locations. They 

are located in the northern guinea savanna where the vegetation cover is thin 

with lots of rock outcrop and the terrain is exposed to erosion; thus experiencing 

loss of productive land to  degradation as a result of human impact, climate 

change and urbanization as a result of population growth, hence the need for 

comparison. 

An important application of remote sensing is the generation of LULC maps 

from satellite imagery, compared to the traditional mapping approach such as 

terrestrial survey and basic aerial photo-interpretation, land use mapping using 

satellite imagery has the advantage of low cost, large area coverage, repetitively 

and computer compatible Million (2002) consequently, the end products of land 

use study obtain from satellite imagery such as land use maps and Geographical 

Information System (GIS) layer have become an essential tool in many 

operational research studies involving land resource management.( Parakasam, 

2010) carried out study of Kodiak anal Tuluk, in India using remote sensing and 

GIS approach. Landsat imageries of 2003, 2008 and Tuluk map of 1961 were 

used. In similar studies (Srumanta and Moupriya, 2012) carried out LULC 

studies of Bundwan municipality in India.in both studies, results obtained 

showed rapid growth of industrial sector, expansion of urban centers where 

cultivated lands were converted into settlement areas; existing ponds were filled 

for purpose of residential development, vegetation and forested areas were 

decreasing for settlement and agricultural purpose. 

LULC can be classified using gradable classification method; this approach 

improves the accuracy of classification when identifying LULC. The method 

recognize small objects by considering the spatial features of LULC and 

boundary problems between features in an environment can be classified using 

the gradable classification approach ( Keigo and Koarar, 2012 ). Unfortunately, 

there is general lack of accurate LULC maps in Nigeria ( Ndukwe, 1997, 
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Ezeomedo, 2006, Innocent and Joel 2013 ) also observed that the application of 

remote sensing data and geographical information system (GIS) is mostly in 

image analysis, mapping, monitoring of urban land use. It is also applied to 

estimate various surface features and provide LULC information for planning. 

 

THE STUDY AREAS 

Mubi/North and Gombi Local government areas of Adamawa State constitute 

the study area and are located in the Northeastern part of Nigeria (fig 1A). 

Gombi covers an area of about 2,232.03km₂ Mubi/North covers an area of about 

495.64km₂ the area is boarded to the south by Song and to the north by Borno 

state. The area is further boarded to the east by Mubi/North.  Boarded to the 

south by Maiha and Mubi/South, the area is boarded to the north by Michika 

and to the east by Cameroun Republic. 

 

 
Figure 1A: Map of Adamawa State showing the Study Area. 
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Methodology  

The image processing/data preparation and analysis was carried out using 

ArcGIS 10.3. The downloaded satellite images were corrected for both 

Radiometric and Geometric errors by the vendors, this imageries were only 

subsetted to obtain the area of interest.ArcGis10.3 was used to perform all the 

necessary GIS operations. Images were first imported into the ArcGIS 

imageries bond by bon from TIF format; later layer stacked, areas of interest 

(AOI) were subsetted from the main scene. The satellite images of 1986, 1996, 

2006 and 2016 were subjected to classifications process. The supervised image 

classification was used to classify the images into five different land cover 

classes, namely; vegetation cover, water surface areas, bare surface areas, 

urban/built up areas and agricultural lands; Classification was done using the 

maximum likelihood parametric rule. In order to classify the images, training 

sites in each of the study areas was created using the drawing module, by this, 

the mean digital number was used to group the  various training sites to each 

classes, thus Raster/Supervised/Supervised Subroutine was activated to classify 

the images into five land cover classifications 

 

Accuracy Assessment of Classification: Accuracy assessment is the most 

important step in evaluating the different image processing routings in image 

classification (Food 2002,in Luard Weng,2005). The accuracy of the classified 

images was checked with stratified random sampling methods for each image 

as collected from the field. The accuracy was obtained as shown in the equation  

Producer accuracy =       (corrected no ×100)/(Reference no)                                                                                                                                                            

Producer’s accuracy is the probability of a reference site being correctly 

classified as land cover divided by the number of reference sites for land cover. 

The producer accuracy for this research study is 0.72%. The kapper Coefficient 

of reliability (k) measures pair wise agreement among a set of colors making 

category judgment for expected chance agreement. 

                                  K = p (A) - (PE) 

                                             1 – P (E) 

Where P(A) is the proportion times of the code agree, P(E) is the proportion of 

times that we expect them to agree. The Kappa Coefficient calculated for the 

classification is 0.6 on the average. Kappa analysis technique was used to 

measure the agreement between two observations on the same data, for remote 
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sensing it is employed to measure the agreement between classification 

approach, it takes into account error matrix instead of only the elements. (Fung 

and Ledrew, 1988) made the recommendation as a suitable measure of accuracy 

of classification, thus The proposed classification of agreement based on the 

value of kappa(Ladis and Koch,1977) as show on the table below.  

. 

Ka values                                    Rating                         Agreement 

 

≤ 0.80                                       Excellent                       Almost perfect agreement 

0.80-0.61                                 Good                             Substandard   agreement 

0.06-0.41                                 Moderate                      Moderate   agreement 

0.40-0.21                                 Poor                              Fair agreement 

0.21-0                                      Bad                             Slight agreement 

›0.00                                   Very bad                      Less than chance agreement 

 

The classification results shows 95% confidence level. The classification result 

are not significantly different at a 95% confidence level as carried out for remote 

sensing data by Dwivedi et al(2003) and Gon calves et al (2007) . 

Land Cover Change:  Change detection is the concept of identifying contrast 

in the state of an object or phenomenon by observing it at different times 

Myaji(2008). The change detection algorithms employed for this research study 

was image differencing; image differencing is one of the most widely applied 

change detection algorithm(Saini et al,1999).It involves subtracting one data of 

imagery from a second data that has been precisely registered to the first. Raster 

Attribute/Edit/Computer statistics subroutine values were compared for the 

period involved, in this case 1986,1996,2006,&2016; This resulted to a change 

map and a table containing statistics of change in land cover types was 

generated. Similarly classified images of the various periods were subtracted 

from one another to get the difference in land cover variables between the 

periods. 

Land Degradation   The purpose of this research study is to analyze scientific 

literature and other information sources related to land degradation; sustainable 

environmental development is not possible without the development of data 

which can be used to reduce the impact of land degradation.  The concept of 

land cover change in semi-arid ecosystem refers to the resilience property of the 
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system, where vegetation covers driven by herbivore or environmental 

fluctuations are continuous and reversible. Vegetation cover is drastically 

reduced as results of episodic human activities (Rietkerh etal 1997).There are 

three main types of land degradation indicators identified by Monigue M. 

(1994) 

1 Changes in topography of the land scopes 

11 Changes in composition of the top soil 

111   Changes in composition of vegetation. 

Based on this, the changes in vegetation cover, water surface areas ,bare surface 

areas and built up/ urban areas was used as the main indicators for the analysis 

of land degradation Rietkerk e tal(1997) observed that vegetation cover can vary 

in scale from slight, moderate, medium to strong as indicators of degradation 

 

RESULTS AND DISCUSSION 

Introduction: The method of data collection, procedure of data analysis and 

the accuracy assessment were discussed. Emphasis in this section will be on 

data presentation; the data include the land use /land cover maps of 1986, 1996, 

2006 and 2016 for Gombi and Mubi North local government areas of Adamawa 

state, land cover changes for the study area are presented in tabula form. 

 

Land use and Land cover Change  

The land use/land cover change for the study area was determined using 

remotely sensed data Geographic Information System (GIS); Landsat Enhanced 

Thematic Mapper (ETM) with 30m resolution for 1986, 1996, 2006 &2016 was 

used for the analysis. The supervised image classification was used, using the 

maximum likelihood parametric rule. The Raster/Supervised/Supervised 

Subroutine was activated to classify the satellite images into five different land 

cover classes; Agricultural lands, Vegetation cover, Urban/Built up areas and 

Water surface areas. The accuracy of the classified images was checked with 

stratified random sampling methods for each image. The kappa coefficient was 

calculated for the classification as 0.6 on the average. 

Figure 1&2 shows the land use land cover classification for 1986 and 1996.The 

land use/land cover were classified into five different land cover as shown on 

the legend , vegetation cover, water surface area, bare surface areas ,urban/built 

up areas and agricultural lands. 
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Figures 3: and 4 shows the land use land cover classification of Mubi/North  

for 2006 and 2016.The land use land cover were classified into five different 

land cover classes,vegetation,agricultural lands, urban areas, water surface and 

bare surface areas. 

  
 

 

 

Figures 5: and 6 shows the land use land cover classification of Gombi for 1986 

and 1996.The land use land cover were classified into five different land cover 

classes,vegetation,agricultural lands, urban areas, water surface and bare 

surface areas. 

 

Figure 1: Land Use Land Cover of Mubi 

North 1986 

Source: Author’s Laboratory Analysis 

 

Figure 2: Land Use Land Cover of Mubi North 

1996 

Source: Author’s Laboratory Analysis 

 

 

Figure 3: Land Use Land Cover of Mubi North 

2006 

Source: Author’s Laboratory Analysis 

 

 

Figure 4: Land Use Land Cover of Mubi North 

2016 

Source: Author’s Laboratory Analysis 
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Figures 7 and 8 shows the land use land cover classification of  Gombi for 2006 

and 2016.The land use land cover were classified into five different land cover 

classes,vegetation,agricultural lands, urban areas, water surface and bare 

surface areas. 

  
 

 

 Extend of Area Coverage 

The extend of area coverage in the study area are presented in table1,and was 

extracted from the land use/land  Cover classes for the period of study, 1986, 1996, 

2006 and 2016. The total land area remains the same, since Land is static and does 

not change while variations were observed on agricultural land area, vegetation 

cover, Urban/built up areas, bare surface areas and water surface areas. The change 

was as a result of rainfall variations/Climate change and human activities.                                      

Figure 5: Land Use Land Cover of Gombi 1986 

Source: Author’s Laboratory Analysis 

 

 

Figure 6: Land Use Land Cover of Gombi 1996 

Source: Author’s Laboratory Analysis 

 

 

Figure 7: Land Use Land Cover of Gombi 

2006 

Source: Author’s Laboratory Analysis 

 

 

 

Figure 8: Land Use Land Cover of Gombi 2016 

Source: Author’s Laboratory Analysis 
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Table 1: Extend of Area Coverage in Square Kilometers, Mubi/North & Gombi. 
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Source:  Author’s Laboratory Analysis. 

 

DISCUSSION 

Land use / land cover change:  Remote sensing has high potential for land 

degradation data collection due to large area coverage (Tooke et-al 2002). This 

is because of its regular time interval, spatial and spectral resolution which 

facilitates detection of degraded areas (De Jong, 1994). Degraded features that 

must be checked in the field include 1) signs of degradation on bare ground. 2) 

Signs of degradation provided by vegetation cover and land use and lastly signs 

of degradation provided by the terrain morphology (King and Delport, 1993). 

Hence the study identified and classified five (5) land use classes namely: 

vegetation cover, urban/built up areas, bare surface areas and water surface 

areas (table 1) 

From the table, degraded features and their attributes such as bare surfaces / or 

vegetation cover and were identified. The land area for both Mubi/North and 

Gombi remain the same, since land is static and does not change. Agricultural 

land increased in Mubi North  from 3836sqkm in1986 to 3979sqkm in 2006,that 

means vegetation cover was on the decline from 40,245sqkm in 1986 to 

31,123sqkm in 2006..Bare surface areas was on the increase from 7026sqkm 

in1986 to 10,876sqkm in 2006, with corresponding decline in water surface 

areas from 1162sqkm in1986bto 10,441sqkm in 2006..this is a clear indication 

of degradation as there was decrease in vegetation cover as a result of declining 

water surface areas and increase in bare surface areas. 
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For Gombi local government, as shown in table1. The land area remain the 

same, Agricultural  land area was on the decline from 11,979sqkm in 1986 to 

5344sqkm in 2016, vegetation cover was increasing from 13518sqkm in1986 to 

14137sqkm in 1996,it declined in 2006 to 910sqkm with a rise to 5344sqkm in 

2016. However, urban/built up areas continued to expand from 2375sqkm to 

11861sqkm in 2016. Bare surface areas continue to increase from 2148sqkm in 

1986 to 10131sqkm in 2016. There was corresponding decline in water surface 

area .what this means is that ,there was land degradation in Gombi as a result of 

decline in water surface areas ,with corresponding increase in bare surface 

areas, vegetation cover was on the decline . the statistics shows that the rate  at 

which land is being degraded is more in Gombi local government than that of 

Mubi/North as indicated by increase in bare surface areas and declining water 

surface areas. 

 

CONCLUSION 

From the research study covering the two local government areas in the northern 

part of Adamawa state. The land use/ land cover maps of 1986 to 2016 over a 

time period of thirty (30) years showed some level of changes. There was 

considerable expansion in built up areas,(urban areas) and agricultural activities 

was on the increase. The decline in water surface areas resulted in the increase 

in bare surface areas and hence declining in vegetation cover. However, Gombi 

recorded more increase in bare surface areas and declining water surface areas 

resulting in land being degraded with a declining vegetation cover. Land use/ 

land cover mapping using remote sensing and GIS should be encourage in the 

assessment of land degradation, because of the wide area coverage and cost 

effectiveness of the techniques. 

 

RECOMMENDATIONS 

In view of the findings of this research study, it therefore recommends the 

following 

1. Land use/ Land cover mapping using remote sensing and GIS should be 

encouraged in the assessment and analysis of land degradation, because 

of the wide area coverage and cost effective techniques. 

2. Actual land degradation to be measured and assessed from the 

socioeconomic activities and the field assessment of the nature and 
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severity of land degradation to be carried out. Rainfall variations, 

temperature and other climatic attributes to be include in the further 

research. 

3.  

4.  Protective measures should be put in place to curtail indiscriminate 

cutting down of trees, fuel for wood and tree planting should be 

encouraged. Also there should have improved information on 

demographic data, climatic conditions and other related information for 

land managers for proper planning. 
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