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Preface 

The interactions between people and environment are more challenging, rigorous and 

inevitable. Land degradation and desertification in drylands have been suggested to be 

the most alarming issue of current environmental problems. Importance of remote 

sensing in monitoring and mapping land degradation and desertification is extensively 

recognised and well developed in a wide variety of practical and scientific fields. The 

developments in satellite technologies and remotely sensed image acquisition and 

analysis offer effective opportunities for monitoring land cover change in such areas. 

Arid and semi-arid regions manifest a complex mosaic of vegetation cover, structure 

and phenology. Furthermore, arid regions endure intensive land use pressures and are 

highly sensitive to climatic perturbations. Remote sensing has been suggested for long 

time as a cost-effective method for monitoring change in arid environments. In this ca-

pacity, there are many efforts in the development of different remotely sensed methods 

for monitoring and providing information on dry land degradation. North Kordofan 

State, located in the central part of Sudan, is characterized by a fragile ecosystem 

which makes the region more vulnerable to land degradation and desertification risks. 

The region undergoes intensive land-use pressures and suffers from high sensitivity to 

climate fluctuations. Recurrent land degradation and desertification experienced by the 

region are presumably traced back to various practices such as changes in fire regi-

mens, removal of vegetation, and over-grazing. Taking advantages of future hyper-

spectral imagery and developing methods such as spectral mixture analysis (SMA) are 

recently recommended as most suitable methods for vegetation studies in arid and 

semi-arid areas. Therefore, the current study is intended to improve the monitoring ca-

pability afforded by remote sensing to analyse and map desertification processes in 

North Kordofan using SMA technique. Three Landsat MSS, TM and ETM+ scenes cov-

ering the study area were selected for the analysis. Linear mixture model (LMM) and 

principle component analyses (PCA) were applied to determine and analyse land cover 

change. Eolain Mapping Index (EMI) was used to map and evaluate the soil erosion in 

the study areas that are subjected to wind erosion hazard. Interpretation of ancillary 

data and field observations verify the role of human impacts in the temporal change in 

both vegetation cover and sand soil. The findings of the study proved that SMA tech-

nique is powerful for characterisation and mapping of desertification processes in study 

area by providing direct measure of different land cover. Application of multi-temporal 

remote sensing data by the study demonstrated that it is possible to detect and map 
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desertification processes in the study area as well as in arid and semi-arid lands at 

relatively low cost. The study came out with some valuable recommendations and 

comments, which may contribute positively to reduction of sand encroachments as well 

as land degradation and desertification processes in North Kordofan State.  

The study encompasses four parts including seven chapters. The first part, an intro-

ductory one, is devoted to the problem statement and rationale for the study, objectives 

and introduction to the study area. Part two reviews the theoretical and empirical back-

ground of the spectral mixture analysis (SMA). It summarizes the challenges and op-

portunities of application of this method in monitoring desertification in arid lands. Part 

3 focuses on the methodological aspects of the study with special emphasis on the 

analysis, interpretation and classification of images, together with the field observa-

tions. The presentation and discussion of results are presented in part 4, which sum-

marize, conclude, recommends and highlights the main limitations of the study. 

The positive contribution provided by many individuals and several institutions in the 

completion of this study is highly appreciated and duly considered. With enormous in-

debt-ness to the Chair of Remote Sensing at the Institute of Photgrammetry and Re-

mote Sensing, Dresden University of Technology, I am thankful for having such pleas-

ant opportunity to do this study. 

First of all, an endless gratitude to my supervisor, Prof. Dr. Elmar Csaplovics, who has 

patiently steered my thinking through the maze of the remote sensing science and its 

application during my study program. He has friendly encouraged my competency and 

technical capability in remote sensing by granting me an unlimited access to his ex-

perience, precious time, valuable advices and moral support.  

My gratitude is also due to my co-supervisor, Prof Dr. Jaochim Hill, for his fruitful sug-

gestions and valuable comments. I do appreciate his exerted efforts to facilitate this 

study. Special note of thanks are due to the staff of Remote Sensing Department at the 

University of Trier, for their unlimited co-operation and support during the last stages of 

my study.  

Appreciations are extended to the staff members of the following institutions in Sudan: 

Forests National Corporation (FNC); Ministry of Agriculture and Animal Wealth, North 

Kordofan State; Gum Arabic Research Center, University of Kordofan; Faculty of For-

estry, University of Khartoum; and the Remote Sensing Center, University of Khartoum 
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for their significant contribution to this work by availing me their resources during the 

field survey. I am gratefully indebted to “Wissenschaftliche Hilfskräfte der TU Dresden” 

for their generous financial support during the major efforts of this study. Special ap-

preciation also for the “Gesellschaft der Freunde und Förderer der TU Dresden” for 

their valuable financial support during some periods of my work. Thanks are also due 

to all colleagues, friends, many and many others who assisted me directly or indirectly 

through the course of my study. Finally, remarkable thankfulness is to my family, fa-

ther, mother, sisters and lovely brothers for their unlimited spiritual and moral support. 
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