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Abstract

Detecting Land cover (LC) change at local scale is needed for a wide range of applications, such as deforestation, land
degradation and desertification. LC changes based on anthropogenic activities, negatively impact the patterns of climate
and socio-economic dynamics at both local and global scales. In this study, LC changes investigated using satellite remote
sensing imagery and Geographic Information System (GIS) in West Kordofan Region of Sudan. To achieve the purpose,
firstly a supervised classification is performed to the satellite images of Landsat acquired in 1994 and 2015. The
classification of the six reflective bands of two Landsat images is carried out by using maximum likelihood techniques
with the aid of ground points data collected from detailed field survey across the study area in 2015. The second step
focused on LC changes by applying change detection comparison (pixel by pixel). The results showed that massive LC
changes have occurred in bareland (50%), Sand dunes (28.7%), Acacia trees and Shrubs (-13.9%) and dense forest (-
7.5%), areas between 1994 and 2015. It was clearly seen that the LC changes mostly occurred in bareland.
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1. Introduction

Land Use Land Cover (LULC) plays a critical role in local and global environmental change studies
(Mohammed et al., 2018; Belay and Mengistu, 2019; Hailu, Mammo and Kidane, 2020; Nse, Okolie and Nse,
2020). LU and anthropogenic activities have largely resulted in deforestation, land degradation, deterioration,
desertification, and habitat loss (lkazaki, 2015; Hishe et al., 2020). These environment issues are almost
connected to LULC changes (Ketema et al., 2020; Liu et al., 2020). This pressure and the associated LULC
changes are mostly followed by mis-management of natural resources, which, in most cases, occurred in
developing countries (Nse, Okolie and Nse, 2020). In these countries, unplanned human activities and

unguided planning, traditional rained agricultural practices can increase when decision-makers disregard the
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needs of local population to sustain their livelihood. Therefore, availability of LULC changes information
could provide important inputs for planning.

The increasing socio-economic needs and growing population creates a marvelous pressure on LCLC (Brink
and Eva, 2009; Gross et al., 2013; Elagib and Mansell, 2016). LULC are expressively altering the Earth
surface and this has had a profound effect on natural environment over time (Ketema et al., 2020). Also, they
have continue to explore and exploit the natural resources in their environment and these have brought a
massive impact in LULC changes (Pitman et al., 2004; Assessment, 2012; Jamali et al., 2015; Ketema et al.,
2020). LU can be measured to be reflecting the degree of human activities that are directly related to land and
making use of its resources which tend to vary over time and scale (Pitman et al., 2004; Assessment, 2012;
Gross et al., 2013; Jamali et al., 2015; Ketema et al., 2020). The extent of LULC changes are varies with the
time being investigated, the geographical location, and more significantly the nature of LC. However, data on
LULC may not, therefore, be easily collected except with relevant remote sensing technologies and
techniques.

Satellite remote sensing data integrated with Geographical Information System (GIS) are powerful tools to
generate an accurate and timely information on the spatial distribution of LULC changes over small or large
scale areas (Antwi, 2009; Mohammed et al., 2018; Tadese et al., 2020). GIS offer a flexible environment for
collecting, storing, displaying and analyzing digital data needed for change detection (Hishe et al., 2020).
Satellite remote sensing data are the practical data resources for GIS. Satellite remotely sensed data have been
used extensively in LULC change studies due to the rich archive, free of cost and its spectral resolutions.

The aim of change detection process is to identify LULC on digital images that change object of interest
between two or more dates (Muttitanon and Tripathi, 2005). There are many methods and techniques
developed such as post-classification comparison, image ratio, image regression, and manual on-screen
digitization of change, principal components analysis and multi-date image classification (Lu et al., 2005). A
numerous studies have highlighted that post-classification comparison was recognized to be the most accurate
approach due to indicating the nature of the changes. In this study, change detection comparison (pixel by
pixel) technique was applied to LC map generated from satellite remotely sensed data (Marland et al., 2003;
Gross et al., 2013; Jamali et al., 2015; Belay and Mengistu, 2019; Ketema et al., 2020).

This study aimed to analyze LC changes using satellite imagery data and GIS in West Kordofan Region,
Sudan. In order to achieve this objective, Landsat Thematic Mapper (TM) and Enhanced Thematic Mapper
(ETM+) data acquired on November 1994, and November 2015, respectively, were used. Maximum

likelihood classification and change detection comparison strategy were applied to identify LC changes.
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2. Materials and Methods
2.1. Study Area

The study areas involve six localities: En Nahud, Ghubaysh, El Fula, Lagawa, Muglad and Abyei (Fig. 1) that
make-up West Kordofan Region. It is located on the west south part of Sudan between latitude 9 °- 14 °N and
longitude 27 * 29 °E with altitude ranging from 350 to 1000 meter above sea level (Mohammed et al., 2018).
West Kordofan Region covers nearly 113780.8224 km2, with 70% of its total area is sandy soil and 30% is
clay soil. West Kordofan has a semi-arid climate very dry in the north part with average temperature of
36.3°C. The annual rainfall varies from north to south with average of 240.5 mm. The vegetation cover are
mostly located in the south part of West Kordofan due to increase of annual rainfall. The study area contains
a few seasonal streams locally known as (Wadies), which generally dried over dry season. The agricultural
lands are located in the middle of the study area due either to desert encroachment from north to south or the
on-going conflict in south part. The main agricultural crops are groundnuts, millet and hibiscus being among
the most important crops. Livestock husbandry is an important component of rural livelihood in West
Kordofan as well as Gum Arabic production. Desert encroachment and land degradation is often attributed to
limited of vegetation cover in north part as well as overgrazing and the intensity and methods of traditional
agricultural practices.
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Fig. 1. Location of the study area.

2.2. Data

Landsat TM and Landsat ETM+ (Path/Row: 176/50, 176/51, 176/52, 176/53, 175/51, 175/52,175/53
and174/53) were used in this study (Table 1). All the satellite images were downloaded from United State
Geological Survey USGS. The dates of all images were chosen to be as closely as possible in the same

season.

2.3. Remote sensing images and pre-processing

For change detection, several requirements of pre-processing, for example, geometric correction, radiometric
and atmospheric corrections are the most essential to avoid spurious results produced from these issues (Lu et
al. 2004). In this study, all downloaded satellite data were level-1 products which were rectified,
geometrically and topographically corrected. All images were converted from digital numbers (DNs) to top of
atmosphere reflectance using the method suggested by (Chander, Markham and Helder, 2009). Dark object
subtraction was used to correct atmospheric effects. Mosaic was applied for the paths and rows: 176/50,
176/51, 176/52, 176/53, 175/51, 175/52,175/53 and174/53. All the images pre-processing steps were carried
out using software ENVI 5.3 and ArcGIS 10.2.

2.4. Image classification and accuracy assessment

In this study, four major LC categories were identified as dense forest, bareland, Acacia trees and shrubs and
Sand dunes. Two dated Landsat images were compared supervised classification method. In this supervised
classification method, two images with different dates are independently classified.

Accuracy assessment was significant for a map generated from any remote sensing data. Error matrix is the
most common way to present the accuracy of classified images. Overall, user’s and producer’s accuracies, and
Kappa value were then generated from the error matrices. The Kappa value incorporates the off-diagonal
elements of the error matrices and represents agreement acquired after removing the proportion of agreement
that could be expected to occur by chance. However, the Kappa value was calculated using the following

equation.
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Here, r = the number of rows in the error matrix
P_ii = the proportion of pixels in row ‘r’ and column ‘i’
P_(i+) = the proportion of the marginal total of row ‘i’

P_(+1) = the proportion of the marginal total of column i’

Table 1. Satellite imagery used in this study.

Date Sensor Spatial resolution Spectral band Format
28/11/1994 ™ 30 7 GeoTiff
23/11/2015 ETM+ 30 7 GeoTiff

These data were collected from the official website of US Geological Survey (USGS)

(http://glovis.usgs.gov).

3. Results and discussion
3.1. LC classification and accuracy assessment

In this study, 73 polygons for Landsat TM 1994 and 69 polygons for Landsat ETM+ 2015 were randomly
selected to assess the classification accuracy. Table 2 shows the overall, user’s, producer’s accuracies and
Kappa value. The overall accuracy of classified images dated 1994 was 95.6% and that of the image dated
2015 was 93.2%, and the Kappa value were 94.3% and 92.6%, respectively. In 1994 and 2015 classified
maps, user’s and producer’s accuracies of individual classes were enormously high, ranging from 80% to
97.6% and 83.3% to 93.01%, respectively. The classification accuracies had been turned out to be higher than
expected. Classification processes become more difficult particularly due to the fact that there are only LC
map of Sudan but no sufficient ground points data for the periods of 1994. But having dense forest, located in
south border and sand dunes in the north part of the study area, made it possible to assess the classification
outcomes reliably.

Table 2. Accuracy assessment of classified satellite imagery for the years 1989, 2000, and 2015.

LULC categories 1994 2015
Producer’s User’s accuracy Producer’s User’s accuracy
accuracy (%) (%) accuracy (%) (%)

Dense forest 94.41 93.01 92.51 88.84

Bareland 88.93 90.12 91.10 89.61
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Acacia trees and Shrubs 97.61 91.62 93.23 87.50

Sand dunes 80.00 83.32 89.74 84.51

Overall accuracy (%) 95.60 93.27

Kappa Coefficient 0.943 0.926

3.2. LC change in West Kordofan Region

The results of image classification showed that the total land area of West Kordofan Region was 113780.8224
km2. Individual class area and change statistic for the years 1994 and 2015 are presented in Table 3. From
1994 to 2015, dense forest and Acacia trees and shrubs decreased 5707.5525 km? (7.5%) and 10584.5526 km?
(13.9%), respectively. On the other hand, bareland and sand dunes increased 38199.6738 km? (50%) and
21907.5687 km? (28.7%) from 1994 to 2015. Therefore, the change in dense forest and Acacia trees and
Shrubs areas in course of time are meant by the change occurred in vegetation cover in 21 years. As seen in
Table 3, while the areas well qualified for vegetation cover was 39673.4931 km? in 1994, this number
decreased 7.5% and 13.9% and became 23381.388 km? in 2015. On the other hand there was 21907.5687 km?
(28.7%) increased in sand dunes, in that area the increase from 39084.4998 km? to 60992.0685 km?. The
decrease in dense forest areas and Acacia trees and Shrubs and increase in sand dunes areas are almost the
same. This given data clearly state that the increase in sand dunes and decrease in dense forest and Acacia
trees and Shrubs are mostly result in deforestation which means some forest areas were removed and
converted to other type of LU or to desert or semi-desert areas. However, it’s usual that this phenomena
occurs in arid and semi-arid regions, with less rainfall and repeated period of droughts. The total annual
rainfall in West Kordofan Region is 300 — 400 mm, which makes West Kordofan Region a semi-arid area.

Table 3. Spatial coverage of various LC categories between 1994 and 2015.

LULC categories Spatial coverage of different LULC categories in  Change area Annual

km2 /km2 change

1994 2015 1994-2015 1994-2015
Dense forest 12419.8452 6712.2927 -5707.5525 -271.7882143
Bareland 13115.2608 51314.9346 38199.6738 1819.032086
Acacia trees and 27253.6479 16669.0953 -10584.5526 -504.0263143
Shrubs
Sand dunes 39084.4998 60992.0685 21907.5687 1043.217557
Total 113780.8224 113780.8224
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Fig.2. Classified maps for 1994 and 2015

Dense forest were typically located in the south part and along seasonal water courses within the study area,
and the dense forest are less than other kinds of LC categories. The sand are dominated in the north part with
900 m of altitude (Mohammed et al., 2018), and the sand dunes area is more than the others types of LC.

In most parts of West Kordofan Region, negative trends in the sand dunes increase were shown, while
vegetation cover decrease became an indicator of desert north border moving to south (Elagib and Mansell,
2016) and showed a negative impact on LC change. In addition, there was no protection measures in study
area. As the results we assumed that in this region, the extensive creep of sand and the anthropogenic
activities, the level of which reached the ecosystem carrying capacity, caused negative effects on biodiversity.
This is very common in developing countries (Brink and Eva, 2009; Gross et al., 2013; Hailu, Mammo and
Kidane, 2020) and could also verified by empirical studies and case analyses. For example, Ethiopia
experienced a decline in vegetation caused by population growth, economic growth and rapid urban
expansion, from 1989-2001, while in Cameroon, the human population was strongly responsible for LC

change and degradation (Mertens and Lambin, 2000).
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4. Conclusion

This paper aimed to investigate LC changes occurred in West Kordofan Region between 1994 and 2015 using
satellite remotely sensing data and GIS. The main change observed for the time period of 1994-2015 was that
the area of Sand dunes, was increased about 21907.5687 km2 (28.7%) of the total changed area. Dense forest
and Acacia trees and Shrubs were decreased 16292.11 km2. The most imperative reason for this is that the
intensive human activities (traditional rain-fed agricultural practices, grazing, and trees cutting). Since there
had been very limited natural resources in the study area, and repeated periods of drought, those exploited
areas were naturally turned into semi-desert of desert. Moreover, the climate pattern of the study area is
susceptible for desertification.

Another challenge is some problems faced in identifying LC using remotely sensed data in West Kordofan
Region. The complexity of vegetation cover and negative climate conditions are essential reasons for those
problems. For this reason, it was relatively hard to find suitable and usable satellite remote sensing data.
These problems had been tried to be eliminated by independently performing supervised classification change
detection technique to both images.
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