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Abstract: TheNorth Kordofan State has undergone rapid, wide-rangingchanges in land cover intensified by 
human activities and over grazing. This study examined the useof remote sensingdata and geographic 

information system (GIS) techniques to gain a quantitativeunderstanding of the spatiotemporal dynamics of land 

cover. In addition, the major factors behind land cover changes and expand of Sand area were analyzed. A post-
classificationcomparison approach was used to detect land cover changes in the study area between 2000 and 

2020 using Landsat twoimages from 2000, and 2020. The observed changes were indicativeof a decrease in the 

expanse of Acacia senegal Trees which gain(378.5814 km2)of its total area over 20 years. Results indicate an 

unstable trendof Sand area which generally increased. From the outcomes of thisstudy, it is strongly 

recommended that urgent measures should be taken to conserve the vegetation cover. Moreover, this map 

documents constant reality in discrete land cover types which can be used by researchers and decision makers 

as the guide for future planning and development. 

Keywords: Change detection; Maximum Likelihood Classification; Post-classification comparison; 

deforestation.  
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I. INTRODUCTION 

Change in land cover has been recognized as the global issue connected with land degradation and 

desertification(Bartholomé and Belward 2005; Sano et al. 2010; Shalaby and Tateishi 2007).Over the past 

decades, desert encroachment has drastically transformed North Kordofan land coversand influencing the 

ecosystem function.Thesouth border of the desert has been movedto south with an average of 90-100 km 

throughthe last 17 years(El Gamri et al. 2009; Elhag 2006).This is affecting the land cover and expanding the 

desert area. However, desert encroachment damagedalmost all the vegetation cover expect trees and small 

patches of dunes adapted shrubs. The desert encroachment is seriously threat agricultural land and declining 

food production. According to (Ayoub 1998; Dawelbait and Morari 2012)the desert is continuedmovingto the 

south at arate of 5-6 km per year. Consequently, the desertification is spreading like cancerelsewhere in North 
Kordofan State.Most importantly, the vegetation cover has decreased dramatically, as indicated by(Yagoub et al. 

2017), but up to date detailed land cover map for North Kordofan and it isspatial distribution still unknown. 

Thus, mapping the major land cover types in North Kordofan isneeded for thedecision-making process in order 

to manage the land resources ina sustainable manner. However, remote sensing dataisanindispensable sources 

for land cover monitoring(Foody 2001; Hansen and Loveland 2012; Rawat and Kumar 2015; Rogan et al. 2003; 

Schulz et al. 2010), and they areuseful for land cover mapping(Chen et al. 2015; Gong et al. 2013; Mayaux et al. 

2004). It was, therefore, used efficiently in different land cover classification, mapping and change detection 

studies using various satellite images withdifferent resolutions(Baker et al. 2006; Friedl et al. 2002; Hansen et al. 

2000; Hansen et al. 2013). This success of remote sensing satellites is attributed to a range of advantages such as 

a wide range of geographical coverage and multi-spectral bands in each singleimage. Moreover, the premise of 

using remote sensing data isbasically based on the availability and accessibility of freely Landsat archived data 
since 2008,which offers a unique opportunity for mapping the major land cover types in the study 

area.Therefore,integration ofremote sensingand geographic information system (GIS) techniques made possible 

to classify and map different land cover types. Land cover is verysignificant and easily detectable indicatorfor 
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measuring environmental change(Seppelt et al. 2011). In other words, it is a dynamic factorthatassociated tothe 

interaction between human activities and environmentalchanges. Therefore, there is anurgent need for mapping 

North Kordofan land cover for a wide range of purposes including decision-making process to sustainable land 

resources management.Moreover, North Kordofan is the one of themostimportant producing area of Gum 

Arabicat local, regional and international scales. In this study, our main objective is to map the major land cover 
types in using Landsat ETM+ images and to examine their spatial distribution in North Kordofan State. 

Wewould precisely want to answer the following scientific question: 

- How accurately can Landsat ETM+ images produce athematic map for land cover types in North 

Kordofan State? 

 

II. MATERIALS AND METHODS 

2.1. Study Area 

North Kordofan state, located in semi-arid zone of Sudan, approximately from latitudes 12° 40´ N to14° 

20´ N and longitudes 28° 10´ E to 31° 40´ E(Fig. 1).  North Kordofancovers an area of 

approximately185,302km2. The state is unique in its natural resources. It is rich in agricultural products and 

rangelandresources which allow the raising of various kinds of livestock (sheep, camels, and cows).Animal 
husbandry is the backbone of the economy of the state and plays major source of incomefor the majority of the 

inhabitants.Also, it’s considered as one of the main areas of Gum Arabic producing at local, regional and 

international scales.The predominant climate is semi-arid, with dry cool in winter (December –January) and 

rainy season (July- October) with average annual rainfall ranging from 300-400 mm and a persistent feature of 

the climate in North Kordofan is drought.  

  

 
Figure 1.Location of region of interest in North Kordofan, Sudan 

 

2.2. Data 

Landsat ETM+imageslocated by satellite path/row 176/050 were used. The images were acquired free 

of cost from the archive database at http://glovis.usgs.gov/with the 0% of cloud cover. An extensiveground-

points survey was carried outin the dry season from January to March 2015, a total of 105 ground- points as the 

reference data in North Kordofan and land cover characteristics were collected. The ground- points were 

http://glovis.usgs.gov/
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collected using handhold GPS device (GARMIN GPSMAP 60CSx), and used for accuracy assessment of the 

classification. Table 1 shows the characteristics of Landsat data used in this study.  

 

Table 1.Source and characteristics of satellite imagery used in this study. 
Datasets  Date  Spatial 

resolution 

scale, m 

Spectral 

bands 

Swath, 

km 

Source  Format  

Landsat 7 

ETM+L1T 

Nov. 

2000 

30 8 bands 185 http://glovis.usgs.gov/ GeoTiff 

Landsat 7 

ETM+L1T 

Dec. 

2020 

30 8 bands  185 http://glovis.usgs.gov/ GeoTiff 

 

2.3. Pre-processing  

Geometric rectification is the most significant for producing spatially corrected map of land cover. 
Landsat TM image of 2010 was used as a reference to register Landsat ETM+ image. Image to image 

registration with the first-degree polynomial equation was performed. The nearest neighbor resampling 

technique was used to avoid changing the original pixel values of the image. Landsat ETM+ image of 2015 was 

geometrically corrected using 21 control points. The result of Root Mean Square (RMS) error was less than 0.7 

pixels. Moreover, oneof the more significantpreconditions for remote sensing data analysis is the atmospheric 

correction which had been done by applying the Model FLAASH (Fast Line-of-Sight Atmospheric Analysis of 

spectral Hypercubes), in order to improve the imageinformation by transforming the radiance as sensor into 

surface reflectance values. Thena new subset image contains the region of interest was created in each ETM+ 

images using the area of interest (AOI) function in ENVI 5.1 and the clip function in ArcMap 10.2.  However, 

this is helpful and effective to reduce the image file size and thus we can focus just on the region of interest. The 

color composite of the image was generated from Landsat ETM+ bands 6, 5, and 3 as showed in Figure 2a. This 
color composite was chosen to assist the collection of the training and test data of each land cover class. Besides 

to the raw image input, normalized difference vegetation index (NDVI) as a simple statistical indicator that can 

be utilized to investigate the remote sensing measurements and assess whether the object being observed 

contains live green vegetation or not. However, we derived NDVI from the Landsat ETM+ images using the 

following equation (1).  

 

     
       

       
 ………………….. (1) 

Where NIR and RED correspond to near-infrared and red spectral bands of Landsat ETM+ image 

 

2.4. Image classification  

Image classification was carried out using supervised classification technique based on Maximum 

Likelihood Classifier (MLC). After classification has been chosen, training test samples were carefully selected 

in sufficient homogeneity in order to symbolize spectral and spatial characteristics of each land cover types as 

well as maximize classification accuracy. This step is probably the most significant element of supervised 
classification, because the spectral signatures extracted from the training test samples will determine the overall 

accuracy of the classification and thus the utility of the final land cover map. Therefore homogeneity should be 

taken in choosing training test samples that represent different land cover types and avoiding heterogeneous 

areas. In this study, a modified version of the Anderson land use land cover classification system was 

used(Anderson 1976). While this classification system was basically developed for the USA, however, it is 

widely used worldwide(Alsaaideh et al. 2012). The system established that land use/land cover classification of 

level 1 class can be mapped over large areas from Landsat data or high altitude imagery. Thus land use/land 

cover classification system of Level 1 was chosen and referred to the classification system of this study. Land 

cover classification scheme and detailed descriptions were illustrated in Table 2. A kernel size 3 x 3 was used to 

image smoothen and reduce the number of misclassified pixels. Also, thevisual interpretation was carried out 

because it allows an integrated use of spectral and spatial contents as well as prior knowledge of the study area.  

 
Table 2.Definition of land cover classes of classification scheme adopted in this study 

Land cover  Description  

Water Body  Area with seasonal water coverage, it the main source of drinking, cooking and other uses. 

Natural Forest The area covered by natural trees that covers almost 10% and considered as the main source of fodder for 

livestock and fuel wood.  

Barren and Low 

Vegetation  

Areas with low or no vegetation including rocky areas, areas of severe erosion that resulting from overgrazing 

or poor cultivation practices.  
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Acacia senegal 

Trees 

Areas covered by a natural woody vegetation known as Acacia senegal Trees which characterized the area 

with cover reaching 15-17%, generally composed of trees less than 6m.  

Sand   The areas that characterized by ongoing or recent sand encroachment. 

 

2.5. Maximum Likelihood Classifier (MLC) 

A maximum likelihood classifier (MLC) is one of the well- recognized parametric classifiers applied for 

supervised classification.  According to (Guide 1999; Scharf 1991) the algorithm for computing the weighted 

distance or likelihood D of unknown measurement vector X belong to one of the known classes Mcis based on 

the Bayesian equation (2). 

                                                   ………………... (2) 

The unknown measurement vector is assigned to the class in which it has the highest probability of belonging. 
The advantage of the MLC as a parametric classifier is that takes into account the variance-covariance within 

the class of the normally distributed training data. 

 

2.6. Accuracy assessment  

Accuracy is usually used to determine the quality of the information generated from remote sensing 

dataand the level of classification correctness. The accuracy was assessed by using 105 ground control points 

(GCPs) collected during the field survey in the study area. An error matrix as cross-tabulations of the mapped 

class vs. class reference was used to assess classification accuracy. Overall accuracy, user’s and producer’s 

accuracies were then calculated. Moreover, Kappa statistic was also derivedfor estimatingthe degree of 

classification accuracy as it not only account for diagonal elements but for whole confusion matrix elements.  

 

III. RESULTS AND DISCUSSIONS 
3.1 Accuracy assessment 

The use of Maximum Likelihood Classifier (MLC) to classify the Landsat ETM+ images has produced 

maps showing the distribution of the five prevalent land cover classes in the region of interest for the years 2000, 

and 2020. Accuracy assessment was carried out for the classified maps of 2000 and 2020 to examine the 

agreement between the produced maps and what actually exists on the ground.Table 3 illustrates the 

summarized results of classification accuracy. 

 

Table 3.Accuracy assessment for the classified maps of 2000 and 2020 

Land cover  2000 2020 

User’s Producer’s User’s Producer’s 

Water Body  64.3 75.0 78.6 91.6 

Natural Forest 81.5 81.5 85.2 79.3 

Barren and Low Vegetation   85.7 85.7 73.7 66.6 

Acacia senegal Trees 93.7 88.2 80.0 80.0 

Sand   82.4 87.5 82.9 87.1 

Overall accuracy 85.7 80.4 

Kappa statistic 0.801 0.756 

 

The classified maps of 2000 and 2020 achieved overall accuracy values of 85.7% and 80.4%, 

respectively, indicating that both land cover maps met the criterion. Furthermore, values of the kappa statistic 

forboth the two maps were more than 0.75, indicating good agreements.  
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Figure 2:Grayscale maps showing a variance of NDVI for 2000 and 2020, which is most useful for separating 

vegetation cover from other land cover classes, the vegetation cover have much larger variance than sand. 

 

 
Figure 3.Classified maps of the region of interest based on supervised classification of 2000 and 2020 Landsat 

ETM+ images. 

 

3.2 Supervised classification 

The processing and supervised classification of Landsat ETM+ images acquired in 2000 and 2020 

produced two classification maps for the five land cover typesprevalent in the area of the interest (Figure 3). 

Classification results showed that the areas of land cover classesin the two produced maps (2000 and 2020) are 

in descending order as follows: Water Body, Natural Forest, Barren and Low Vegetation, Acacia senegal Trees, 

and Sand. Sand is the dominating class, especially in the northern latitudes ofthe study area, covering more than 

half of the total landscape in 2000 and 2020 but increased to more than 50% in 2020.The continuous sand 

encorachment takes place through a systematic movement of the desert southern boundary into south part of the 

study area which caused serious threat to the vegetation cover. Sand encroaches upon vegetative areas, mostly 
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after heavy sand storms, which are most frequent during the winter season. However, loss of productive lands 

was the major impact of sand encroachment on the environment along the study area. This negative impact 

would further lead to environmental changes in the future. The Acacia senegal Trees and Barren Low 

Vegetation classes occupied an area ranging from 17.95% to about 13.84% and 17.19% and 17.89%, in 2000 

and 2020, respectively (Table 4).  While the maximum area of each of the other classes represents less than 
14%of the total area overthe study time period. However, Acacia senegal Treesare the most significant types of 

vegetation, this species comprises of a pure stand over a large area which is mainly devoted to Gum Arabic 

production and livestock grazing. Notably, Water Body covers only 3.81% and 3.57% in 2000 and 2020, 

respectively. Water resource challenges have a long existed in study area, but their impact amplified by recent 

trends such as rapid environmental change, economic growth and of course climate change. 

 

3.3 Land cover change detection 

The outcomes of the post-classification comparison give an account of the amount and type of 

change that has taken place for each land cover class. Areal change of land cover types over the study time 

period wasobviously visible and occurred as either an expansion or a decline between sequential dates. 

Attemptsto further study these outcomes can give insight to the land use behavior, pattern, and rate at whichthe 
changes occur in the study area in particular and in the North Kordofan State in general.This essential 

information would be vital for development planners and decision makers. 

Change statistics for the periods of 2000-2020, weregenerated from the comparison of classified maps of 2000 

and 2020 and will be discussedin the following sections. 

Land cover change between 2000 and 2020 

In 2000, the Sand class constituted the largest type of land cover class in the study area at 51.09% of 

thetotal area, followed by Acacia senegal Trees (17.95%), Barren Low Vegetation(17.9%), and Natural Forest 

(9.96%), whereas Water Body only covered 3.81% andoccupied the smallest area. During the 20-year time 

frame from 2000 to 2020, the area covered by Sandand Barren Low Vegetation were expanded by 341.496 and 

64.0548, respectively, while other land cover classes decreased atdifferentrates. Table 4 and Figure 4 summarize 

the change occurred within the study areabetween 2000 and 2020. 

 
Table 4.Area coverage of landcovers types in km2 and changed area from 2000 to 2020. 

No  Land cover  Area in km2 Area in % Changed Area in Km2 

from 2000 to 2020 
2000 2020 2000 2020 

1 Water Body  351.1647 328.7295 3.81 3.57 -22.4352 

2 Natural Forest 917.9505 913.4163 9.96 9.91 -4.5342 

3 Barren and Low 

Vegetation   

1584.8055 1648.8603 17.19 17.89 64.0548 

4 Acacia senegal Trees 1654.1415 1275.5601 17.95 13.84 -378.5814 

5 Sand   4709.1456 5050.6416 51.09 54.80 341.496 

 Total 9217.2078 9217.2078 100 100  
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Figure 4. Net loss and gain for each land cover class for the period 2000-2020 

 

As shown in Table 4, based on 9217.2078km2, the total size of the study area, Sand covered 4709.1456 

km2in 2020 (51.09% of the total area), but this changed to 5050.6416 km2(54.80%) in the year 2020, with a 

positive rate of change of 341.496 km2. As shown in Figure 4, out of 1654.1415 km2 that was Acacia senegal 
Trees in 2000, about (378.5814 km2loss) in 2020. The changed area was either cleared or converted to other 

land cover classes, mostly for grazing purposes. The lack of awareness amongother factors encouraged the local 

people to engage in cutting Acacia senegal Trees for firewood and producing charcoal.Destructive of Acacia 

senegal Trees have always been present since the past few decades and its negative effects were visibleand 

tangible.    

The results shown in Table 4 indicate that the Natural Forest areas, which amounted to (917.9505 

km2)in 2000, decreased to (913.4163km2) in 2020. The decrease in Natural Forest might be attributed to 

consequent livestock browsing and increase in firewood demand. On the other hand the period 2000-2020 

experienced severe droughts. Cutting Natural Forest is a negative phenomenon that can lead to stripping plenty 

of spaces of their natural vegetationcover. In fact, in such a semi-arid climate, the loss of natural trees is difficult 

to recover due to theinability of the existing tree species to regenerate naturally in addition to other 
limitingfactors such as insufficient moisture due to frequent droughts and soil shallowness resulting 

fromincreased erosion rate after removal of trees. 

 

IV. CONCLUSION 

At local scale, remote sensing can accurately mapped the natural resources. The results of this study 

shown the importance of satellite image processing with the aid of GIS techniques in mapping and detecting 

land cover changes. Supervised classification of Landsat ETM+ with Maximum Likelihood andpost-

classification comparison approach can be used to predict and obtain fairly accurate maps ofland cover changes. 

The overall accuracy and kappa statistics values of the land cover classifications achievedin this study is 

encouraging. It was generally observed that there was a significant declineinAcacia senegal Trees and a 

corresponding increase in Sand. The changes observed were indicative of anincrease in the expanse of Sand 

area,which gain about (341.496 km2) of its total area over the 20 years, and the slight deforestation rate was 
registeredin the period (2000–2020). The slight deforestation was generally a result of local people engaging in 

cutting Acacia senegal Trees for firewood and producing charcoal.Land under the Barren and Low Vegetation 

classincreased by about (64.0548 km2) and achieved a greater rate of increase from 2000 to 2020, whereas 

theland under the Water Body class decreased by about (22.4352) between 2000and 2020. Our results indicates 

and unstable trend of Sand area which generally increased significantly during the period between 2000 and 

2020.  
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Indeed, if the present trend of Sand are continues, the Sand in the study area will gain more 

than 50% of its current sand class over the next 10 years. Sand encouragement in the study area andNorth 

Kordofan State in general is an important environmental challenge.  
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