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Arid Lands: A Study From Sudan-Ghubaysh Area:  

A GIS And Remote Sensing Perspective 
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Abstract: This article investigates and analyzes land use/land cover change in Ghubaysh area-Western Sudan during the period 1973-2010. The main 
objective of the article is to detect and identify land cover changes that have occurred during the last four decades. Multi-temporal satellites images 
(MSS, TM and ETM+) of 1973, 1987 and 2006 were used for data collection.  The EARDAS Imagine classifier tool 9.2 and ArcGIS 10.2 have been used 
in the data analysis.  Cultivated area, Wadis, shrubs, grass and forest were the most dynamic parameters used in land cover classification. Results 
showed high level of accuracy (98.2%, 96.3 and 89.6%) for the selected images for the years 1973, 1987 and 2006, respectively. The results also 
showed that the study area was once very rich in vegetation cover consisted of grass shrubs and forest which covered 86.7% of the study area. A 
prolonged and unsystematic change in land cover was reported. The agricultural area increased by a rate of +1.8% and shrubs increased by a rate of 
+0.67 per year during the last four decades. A decrease in land cover by a rate of -1.4, -0.37 and -0.08 was accounted for grass area, forest and Wadies, 
respectively. A remarkable change has taken place in agricultural area from 9.8% in the year 1973 to 41.4% in the year 2010. This expansion is at the 
expense of the area covered by grass, forest and Wadis. 
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1.0 INTRODUCTION 
An understanding of land use/land cover change at local, 
regional, and global scales is important in an increasingly 
human-dominated biosphere. The terms land cover and land 
use although often used interchangeably; their actual 
meanings are quite distinct. Land cover refers to the surface 
cover on the ground; while land use refers to the purpose the 
land serves (Shiraz, 2014). Land cover/land use has been 
used extensively to derive a number of biophysical variables, 
such as vegetation index and biomass (shunlin, 2008). Land 
use and land cover are important components in 
understanding the interactions of the human activities with the 
environment and thus it is necessary to be able to simulate 
changes (Kuldeep and Kamlesh, 2011). Land use and land 
cover change has become a central component in current 
strategies for managing natural resources and monitoring 
environmental change (Kuldeep and Kamlesh, 2011). The 
properties measured with remote sensing techniques relate to 
land cover, from which land use can be inferred, particularly 
with supplementary data or a priori knowledge (Noam, 1999). 
The detection of land use/land cover change is the process of 
identifying differences in the state of an object or phenomenon 
by observing it at different times (Singh 1989).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Change detection is an important process in monitoring and 
managing natural resources, land use change analysis, 
monitoring of shifting cultivation and assessment of 
deforestation because it provides quantitative analysis of the 
spatial distribution of the population of interest. The increasing 
impact of land cover change on the environment has been an 
issue of concern in the developed and the developing 
countries with consequential effects on sustainable 
development and long term impact on the agricultural and 
other sectors of the economy (Galal 2003). This involves the 
spatial and non-spatial data to query new information. 
vegetation cover analysis has been carried out for many 
countries using multi-temporal landsat MSS data e.g. the 
Philippines for 1972-1980, Thailand using data from 1972-
1982, Brazilian Amazon for 1975-1978 and 1978-1982 
(Parada et. al, 1981; Chaudburg 1985 as cited by Joyce & 
Sader 1985). In various cases, Landsat MSS data have been 
adequate for detecting vegetation density (Joyce et al. 1985). 
Landsat MSS and Landsat TM provide data on land cover 
adequately and with high efficiency due to sensor 
improvement (Rock et al. 1986). The application and utilization 
of remotely sensed data for land use and vegetation cover 
inventories and assessment is characterized by digital 
analysis in that there is a link between remotely sensed data 
and the geographic information system. The literature related 
to the land use/ vegetation cover of the study area was found 
as part of several studies on the vegetation of  Sudan e.g. 
Smith (1949), Harrison and Jackson (1958), Barbour (1965), 
Lebon (1965) and the Sudan Survey Department (1983) which 
was based on Harison and Jackson’s work.  The main 
objective of this article is to detect and identify land cover 
change that have occurred in Ghubaysh area during the last 
four decades using digital spatial data acquired from remotely 
sensed images analyzed by Geographical Information 
Systems (GIS). 
 

2. 0 MATERIALS AND METHODS 
This part presents the materials and methods used in the 
study. It provides general geographical description of the study 
area together with the methods of data collection and analysis. 
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2.1 The Study Area  
Ghubaysh is part of the semi-arid area of Sub-Saharan Africa, 
lies between latitude 110 18' 56'' to 120 49' 39'' N and 
longitude 270 3' 29'' to 280 30' 44'' E (Figure 1). This area is a 
vulnerable area and susceptible to degradation. It has a single 
rainy season from July to October, followed by dry cool winter 
(December- February) and relatively prolonged dry hot 
summer season ( March –June). The rainfall is governed by 
the movement of the (ITCZ) Inter Topical Convergence Zone 
(Mahadi, 1975). It's also, characterized by high water 
deficiency and unreliable rainfall (Nicholson et. el, 1996, Elfaig 
et.al, 2013). Rainfall highly fluctuated over both space and 
time as shown in Figure 2. Drought is a persistent feature of 
the climate and the area was struck by the drought during 
1983-1984, 1990-1991 and 2004-2005. The total population of 
the area is 290619 persons (Central Bureau of Statistic, 2009). 
Rain-fed subsistence farming is the main activity and the main 
source of food which depends on rainfall distribution, pattern 
and quantity. Rainfall fluctuations strongly affect the success of 
agriculture (Adnan, 2009). 
  

 
Figure 1: Geographical Location of the Study Area 

 

 
 

Figure 2: Rainfall Deviation and Fluctuation in En Nuhud 
(Nearest Meteorological Station 

 

2.2 Methods of data collection  
The sources of data for land use/land cover change of the 
study area depends basically on a multi-temporal satellite 
images of 1973, 1987and 2006 as presented in Figures 2A, 
2B and 2C. The Africover map of 2010 which was done under 
Sudan Africover was used for the comparison. This was done 
through an integrated coverage of landsat satellite images 
(MSS, TM, and ETM+) and updated high resolution spot, IRS 
to improve the accuracy of interpretation. These images 
provide reliable and up to date information on land use and 
changes of land cover over both space and time which may 
lead to establishing a trend on land cover change. Field survey 
had been undertaken to check the accuracy of land cover 
classification and interpretation. 
 

2.3 Methods of Data Analysis 
To analyze and assess the changes in land cover the most 
dynamic parameters such as cultivated areas; seasonal water 
courses (Wadis), shrubs, grass areas and forest were 
examined. The EARDA Imagine Classifier tool 9.2 and 
ARCHGIS have been used in the data analysis. The 
standardization procedures for land cover classification 
created by the Food and Agricultural Organization of United 
Nations (FAO) and Global Land cover (GLC) which is 
recognized by International Organization for Standardization 
(ISO) as standard international approach was adopted. It 
considered the widely used texture, tone; color and reflectance 
of the land cover presented in the image. These include image 
interpretation and classification, field verification and finally 
data harmonization and finalization. High levels of overall 
accuracy assessment were obtained before proceedings for 
the analysis (98.2%, 96.3% and 89.6%) for the images of the 
years 1973, 1987 and 2006, respectively. The quantitative 
data obtained from the analysis of the maps in the form of 
descriptive statistics were presented informs of tables, graphs 
and percentages.  Detecting changes over time series of land 
use and land cover of Ghubaysh were exemplified in maps 
formats. 
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Figure 2A: Image of Ghubaysh Area in 1973 Figure 2B: Image of Ghubaysh Area in 1987 
Source: Landsat 1973    Source: Landsat (1987) 

 

 
 

Figure 2C: Image of Ghubaysh Area in 2006 

Source: Landsat(2006) 
 

3.0 Results and Discussion 

The satellite images of Ghubaysh area of 1973, 1987 and 
2006 were manipulated in maps formats. The patterns and 
percentages in the selected parameters were presented 
hereafter. 
 

3.1 Ghubaysh Land Cover in the Year 1973 
The land cover of Ghubaysh area shown by the landsat image 

of 1973 has been manipulated in figure format (Figure 3). It 
shows that the study area was once very rich in vegetation 
cover including grass, shrubs and forest which covers 86.7% 
of the study area as shown in Table 1. It shows that most part 
of the study area were open or dense natural vegetation. 
Agricultural land is concentrated along the small settlements 
areas. 
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Figure 3: Measured parameters of Ghubaysh area (1973) 

 
TABLE 1 

LAND COVER IN GHUBAYSH AREA (1973) 
  

                      Cumulative %            %                 Total Covered Area (km2) Parameters 

                            24.5          24.5                      3527 Shrubs 
                           74.9          50.4                      7257 Grass 
                           78.5          3.6                      519 Wadi 
                           88. 3          9.8                     1419 Cultivated area  
                             100          11.7                     1685 Forests 

 
Source: Manipulated and calculated from Satellite Image of 1973 using GIS Technique 

 
The table shows that most parts of the study area in 1973 
were covered by grass (50.4%), followed by shrubs and 
forests which represent (24.5%) and (11.7%) of the study area 
respectively. The existence of a considerable segment of 
forest can be explained by small traditional community 
practices reflected by cultivated area, which covers (9.8%) of 
the total area. 
 

3.2 Ghubaysh Land Cover in the Year 1987 

Ghubaysh land cover image (Figure 2B) has been 
manipulated in figure format as shown in Figure 4. It shows 

that grass covered most part of the area. It covers seven 
thousand and eighty four square kilometer (7084 km2), 
followed by shrubs and forest which covers three thousand six 
hundred and forty six square kilometer (3646km2), two 
thousand one hundred and twenty one square kilometer 
(2121km2) of cultivated areas and three hundred and sixty 
four square kilometers (364km2) of Wadis, as shown in able 2. 
It shows substantial increase in agricultural land. Large areas 
have been cleared of their vegetation cover and converted to 
agricultural land. Sign of heavy vegetation cover removal were 
evident. The land clearing for cultivation proceeded from the 
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north and approached the south toward the forests and Wadi 
areas. 

 

 
Figure 4: Measured Parameters of the Ghubaysh Area (1987) 
 

TABLE 2 
LAND COVER IN GHUBAYSH AREA   (1987) 

 

Cumulative % % Total covered 
area (km2) 

Parameters 

25.3 25.3 3646 Shrubs 

74.5 49.2 7084 Grass 

77.0 02.5 364 Wadi 

92.3 14.7 2121 Cultivated 
area 

100 08.3 1192 Forests 

Source: Manipulated and calculated from satellite image of 
1987 using GIS Technique 

 

3.3 Ghubaysh Land Cover in the year 2006 

Figure 2C has been manipulated and detailed in Figure 5. The 
figure shows that grass and shrubs covered most part of the 
study area, which is approximately nine thousand four 
hundred and thirty six square kilometer (9463km2), followed 
by cultivated areas and forest. These figures are illustrated 
numerically in Table 3. 

 

 
Figure 5: Measured Parameters of Ghubaysh Area (2006) 

 
TABLE 3 

LAND COVER IN GHUBAYSH  (2006) 

Cumulative % % Total Covered Area 
(km2) 

sretemaraP 

34.1 34.1 4914 Shrubs 
67.5 33.4 4805 Grass 
69.2 01.7 245 Wadi 
95.6 26.4 3807 Cultivated 

area 
100 4.4 636 Forests 

Source: Manipulated and calculated from satellite image of 
2006 using GIS Technique 

 

3.4 Ghubaysh Land Cover in the year 2010 
In the year 2010, the land cover of Ghubaysh was done under 
the Sudan Africover. Images were downloaded from UGSS 
website. The study area as a part of Kordofan SPOT coverage 
was provided by Global Monitoring for Food Security (GMFS). 
The classified parameters are presented in Table 4 and Figure 
6. 
 

TABLE 4 
LAND COVER IN GHUBAYSH AREA (2010) 

Cumulative % % Total Covered Area 
(km2) 

Parameters 

42.7 42.7 6156 Shrubs 
55.4 12.7 1830 Grass 
56.8 1.4 200 Wadis 
98.2 41.4 5965 Cultivated 

area 
100 1.8 256 Forests 

Source: Africover (2010) 
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Figure 6: Measured Parameters of Ghubaysh Area (2010) 
Source: Manipulated from Sudan Land Cover (2010) 

 

3.5 Patterns and trends of change in land use/land 
cover in Ghubaysh Area 
The study revealed that there is an incessant increased in the 
area covered by shrubs with a maximum increase during the 
period 2006-2010 as shown in Tables 5 and 6 as well as in, 
Figures 7 and 8. The figures showed a continuous increase in 
the cultivated area during the period 1973-2010. The augment 
in shrubs and cultivated area is at the expense of the area 

covered by forests, Wadis and grass which in general show a 
continuous negative trend (decrease in cover area) by the rate 
of -0.08, -0.37 and -1.4 for the areas covered by Wadis, grass, 
and cultivation, respectively. These results reflect a gloomy 
natural environmental condition which is caused mainly by 
rural community practices of the traditional production system 
and persistent drought. 

 
TABLE 5 

LAND COVER CHANGE DURING DIFFERENT PERIOD IN GHUBAYSH AREA 

2010 2006 1987 1973 Environmental 
parameters % Area(km

2
) % Area(km

2
) % Area(km

2
) % Area(km

2
) 

42.7 6156 34.1 4914 25.3 3646 24.5 3527 Shrubs 
12.7 1830 33.4 4805 49.2 7084 50.4 7257 Grass 
1.4 200 1.7 245 2.5 364 3.6 519 Wadi 

41.4 5965 26.4 3807 14.7 2121 9.8 1414 cultivated area 
1.8 256 4.4 636 8.3 1192 11.7 1685 Forest 

 
TABLE 6 

PERCENTAGE OF LAND COVER CHANGE DURING DIFFERENT PERIOD IN GHUBAYSH AREA 

1973-2010 2006-2010 1987-2006 1973-1987 Environmental parameters 

+0.67 +2.15 +1.29 +0.057 Shrubs 
-1.40 -5.18 -1.61 -0.085 Grass 
-0.081 -0.075 -.016 -0.04 Wadi 
+1.18 +3.8 +3.97 +0.35 cultivated area 
-0.37 -0.65 -2.33 -0.33 Forest 
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Figure 7: Land Cover Change in the measured parameters during Different time periods (1973-2010) 
* Area in km2 

 

 
  

Figure 8: Percentage of Land Cover Change in the Measured Parameters during different time period (1973-2010) 
 

4. Conclusion 
The change in land cover in Ghubaysh area can be explained 
by the horizontal expansion of traditional agriculture at the 
expense of vegetation and forests. The Expansion of 
agriculture creates competition over natural resources 
especially in the study area which is vulnerable to drought. 
The cultivated areas have expanded rapidly in Ghubaysh in 
the last four decades from 9.8% in the year 1973 to 41.4% in 
the year 2010 which indicates unsustainable pattern of 
resource use. It also shows that up to the year 1987 the 
expansion was rather slow.. Since, then it increased four times 
and covered an area of 5965km2 out of the total area until 
2010. The increase in the area covered by traditional 

agriculture, initiated by accelerated population growth under 
conditions of rapid transition to market economy and 
increasing tendency towards drier climatic conditions, is an 
important feature reflected in land use and land cover change 
across Ghubaysh area during the period 1973-2010. The 
highest changes were reported in the area covered by grass 
during the period 2006-2010, while the lowest changes were 
reported in the area covered by forest (-0.33) during the period 
1973-1987. 
 
 
 
 

0

1000

2000

3000

4000

5000

6000

7000

8000

1973 1987 2006 2010

shrubs grass wadi cultivated area forest

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

50%

55%

1973 1987 2006 2010

shrubs grass wadi cultivated area forest



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 4, ISSUE 05, MAY 2015      ISSN 2277-8616 

131 
IJSTR©2015 
www.ijstr.org 

References 
[1] Barbour, K, M. (1965).The Republic of the Sudan, A 

regional geography. The University of London press. 
 

[2] El Tom, M.A. 1975. The Rains of The Sudan. 
Mechanisms and Distribution, Khartoum, University of 
Khartoum press 

 
[3] Gbenga, O. E. 2008. Remote Sensing for Agricultural 

Land Use Changes and Sustainability Monitoring in 
Sudan. Master Thesis,     Linkoping University, 
Sweden 

 
[4] Harison, M. and J. K. Jackson (1958). Ecological 

Classification of the Vegetation of   Sudan. Forest 
Bulletin No. 2. Forest Department Khartoum 

 
[5] Kuldeep. T and Kamlesh, K (2011).  Land Use / Land 

cover change detection in Doon valley (Dehradun 
Tehsil), Uttarakhand: using GIS & Remote Sensing 
Technique. International Journal of Geomatics and 
Geosciences. V.2, No 1.  

 
[6] Lebon, J.h. (1965). Land use in the Sudan. The World 

Land use Survey Monograph, No.4 
 

[7] Nicholson, S.E; M.B.BA and Kim, J.Y. 1996. Rainfall in 
the Sahel. J. of Climate, vol. 9. No. 

 
[8] Noam, L.,  1999. Fundamentals of Remote Sensing. 

Tel Aviv University, Israel 
 

[9] Sanyal, J., and Lu., X. X. 2004. Application of Remote 
in Flood Management with Special Reference to 
Monsoon Asia. Natural  Hazard 33. Kluver Academic 
Publisher, Netherlands 

 
[10] Shiraz, O.S., 2014. Landover change in Khartoum city 

during the period 1987-2014: A Remote Sensing 
Approach. Unpublished M.Sc. Thesis. University of 
Khartoum 

 
[11] Singh, A. 1989. Review Article: Digital change 

detection techniques using remotely-sensed data. Int. 
J. Remote Sensing, 10(6).   

 
[12] Shunlin,  L., 2008. Advances in Land Remote 

Sensing, System, Modeling, Inversion and 
Application. 

 
[13] Smith, J. (1949) Distribution of Trees Species in the 

Sudan in Relation to Rainfall and Soils Texture. 
Ministry of Agriculture, Sudan government; Bulletin 
no.4, Khartoum 

 

[14] Sudan Survey Department (1983): 1:4 Million Scale 
Map of Vegetation Sudan. Khartoum 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 4, ISSUE 05, MAY 2015      ISSN 2277-8616 

132 
IJSTR©2015 
www.ijstr.org 

 

 

 


