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Terrestrial degradation nowadays presents one of the devastating environmental 

problems of the earth caused by natural as well as man-made factors. According to 

UNCCD, almost one-third of the world agricultural land is facing a degradation 

phenomenon. Desertification phenomenon is threatening Kebbi state with huge 

drawback relating to the diminishing of ecosystem services and negative 

socioeconomic impact on community livelihood. However, the extent, trends and 

severity of desertification in Kebbi state has neither fully recognised, nor the rate of its 

development is accurately documented. Subsequently, the primary aim of the study is 
to develop a geospatial framework to monitor and assess land degradation in the area 

with specific emphasis on quantifying land cover (LC) change and vegetation depletion 

from 1986-2016, modelling the LC change for the year 2026 and characterising 

desertification sensitivity in the area.  

 

 

Remotely sensed data were classified into five thematic LC classes namely dense 

vegetation (DV), shrubs land (SL), farmland (FL), bare/grassland (BGL) and water 

body (WB). The Driver-Pressure-State-Impact-Response (DPSIR) framework was 

used for better understanding of the drivers, the state of the environmental condition, 

the causes and the impact of the LC changes. Modelling the future (2016-2026) LC of 

the area was conducted using the CA-Markov model. Desertification sensitivity of the 
area was assessed using Mediterranean Desertification and Land Use-Environmental 

Sensitivity Area Index (MEDALUS-EASI) methodology.  

 

 

The analysis of LC change from 1986-2016, indicates a gradual decrease of DV by 

about 61%, the downturn in the SL by about 25.7%.  BGL has increased by about 

18.2% while FL increases by 35.9%. WB remains unchanged. The drivers of the 

change are mainly the demand for farming land as the population increases as well as 

socio-economic stresses.  
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The pressures of the change include expansion of farming land and the use of wood as 

fuelwood, construction material and other domestic use. The state of the condition 

indicates a decline in vegetated and shrubland, however; farming land and bare 

grassland are increasing. The impacts include severe land degradation, soil erosion, the 

decline in the provision of ecosystem goods and services and biodiversity loss. The 

responses include afforestation programs by government and Non-Governmental 
Organisations (NGO’s) however, communities and individuals organise an annual tree 

planting campaign. The future LC prediction (2026) illustrates that FL and DV may 

probably increase while SL and BGL may probably decline. WB may decrease 

slightly. The spatial assessment of desertification sensitivity of the area indicates that 

36% of the area is not affected. 17%, 30%, 15 % fall within a low, moderately and 

sensitive categories respectively. Only 1% of the area is highly sensitive to 

desertification. The impact of the different quality index to the desertification in the 

area show that climatic indices have a high impact on desertification in the area 

(r2=0.64) followed by soil indices (r2=0.47) and human indicators to desertification 

(r2=0.45). Vegetation indices have the least impact to the desertification in the area 

with (r2=0.38).  

 
 

It is recommended that Governmental and NGO’s should make an essential strategic 

plan for the continued in-depth assessment and monitoring of land degradation using 

advanced tools. Adaptation and mitigation measures such as agroforestry system of 

farming, robust afforestation and land restoration activities need to be strengthened. 

Environmental education needs to be integrated into both primary and post-primary 

teaching curricula to enhance environmental awareness. There is also the need to 

improve the livelihood of the rural people by providing alternative income and 

domestic energy sources since they depend heavily on natural resources for sustenance. 

The novelty of the study laid on the integration of remote sensing and GIS, the 

MEDALUS-EASI and the DPSIR frameworks for developing a unique and 
explanatory platform for modelling LC cover trend and magnitude of land degradation 

in the area. 
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Degradasi terrestrial pada masa kini merupakan salah satu masalah alam sekitar yang 

dahsyat di bumi yang disebabkan oleh faktor semula jadi dan buatan manusia. Menurut 

UNCCD, hampir sepertiga tanah pertanian di dunia menghadapi fenomena degradasi. 

Negeri Kebbi di Nigeria terancam dengan fenomena desertifikasi dengan kelemahan 

yang besar berkaitan dengan penurunan perkhidmatan ekosistem dan kesan 

sosioekonomi yang negatif terhadap kehidupan masyarakat. Walau bagaimanapun, 

sejauh mana pola, dan keparahan desertifikasi di negari Kebbi tidak dapat dipastikan 

sepenuhnya atau kadar perkembangannya secara tepat tidak didokumenkan. Matlamat 
utama kajian ini adalah untuk membangunkan rangka kerja geospatial untuk memantau 

dan menilai kemerosotan tanah di kawasan tersebut dengan penekanan khusus untuk 

mengire perubahan tanah (LC) dan penurunan kawason tumbuhan dari 1986-2016, 

memodelkan perubahan LC pada tahun 2026 dan mencirikan sensitiviti desertifikasi di 

kawasan tersebut.  

 

 

Data pendiriaan jauh diklasifikasikan kepada lima kelas LC bertema iaitu tumbuh-

tumbuhan padat (DV), pokok renek / kawasan binaan (SB), tanah ladang (FL), kosong 

/ padang rumput (BGL) dan badan air (WB). Rangka Kerja Kerangka-Impak-

Kemajuan-Negeri-Dampak (DPSIR) digunakan untuk pemahaman yang lebih baik 

tentang pemandu, keadaan keadaan alam sekitar, sebab-sebab dan kesan perubahan 
LC. Pemodelan masa hadapan (2016-2026) LC kawasan itu telah dijalankan 

menggunakan model CA-Markov. Sensitiviti desertifikasi kawasan itu dinilai dengan 

menggunakan kaedah Indeks Kawasan Kepekaan Bumi (MEDALUS-EASI) yang 

digunakan oleh Desertification Mediterranean dan Penggunaan Tanah-Kepekaan Alam 

Sekitar. 
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Analisis perubahan LC dari tahun 1986-2016, menunjukkan pengurangan DV secara 

perlahan kira-kira 61%, kemerosotan SL sebanyak 25.7%. BGL telah meningkat 

sebanyak 18.2% manakala FL meningkat sebanyak 35.9%. WB kekal tidak berubah. 

Pemacu perubahan ini terutamanya permintaan terhadap tanah pertanian sebagai 

peningkatan penduduk serta tekanan sosio-ekonomi. Tekanan kepada perubahan 

termasuk pengembangan tanah pertanian dan penggunaan kayu sebagai bahan bakar, 
bahan binaan dan kegunaan domestik yang lain. Keadaan ini menunjukkan penurunan 

kepada kawasan tumbuh-tumbuhan dan tanah rimba, bagaimanapun; tanah pertanian 

dan padang rumput kosong semakin meningkat. Impak termasuk kemerosotan tanah 

yang teruk, hakisan tanah, kemerosotan kepada perkhidmatan barangan dan 

perkhidmatan ekosistem dan kehilangan biodiversiti. Tindak balas yang di lakukan 

termasuk program penanaman semula hutan oleh kerajaan dan Pertubuhan Bukan 

Kerajaan (NGO) walau bagaimanapun, komuniti dan individu turut menganjurkan 

kempen penanaman pokok secara tahunan. Ramalan masa depan LC (2026) 

menggambarkan bahawa FL dan DV mungkin akan meningkat sementara SL dan BGL 

mungkin mungkin menurun. WB boleh berkurangan sedikit. Penilaian spacial 

sensitiviti desertifikasi kawasan menunjukkan bahawa 36% kawasan tidak terjejas. 

17%, 30%, 15% jatuh dalam kategori rendah, sederhana dan sensitif masing-masing. 
Hanya 1% kawasan yang sangat sensitif terhadap desertificasi. Impak dari indeks 

kualiti yang berbeza kepada desertifikasi di kawasan tersebut menunjukkan bahawa 

indeks iklim mempunyai kesan yang tinggi terhadap penurunan di kawasan tersebut (r2 

= 0.64) diikuti dengan indeks tanah (r2 = 0.47) dan penunjuk manusia ke arah 

desertification (r2=0.45). Indeks tumbuh-tumbuhan mempunyai kesan paling kurang 

kepada desertifikasi di kawasan tersebut dengan (r2=0.38).  

 

 

Adalah disyorkan bahawa, Kerajaan dan NGO perlu membuat pelan strategik yang 

perlu untuk penilaian dan pemantauan degradasi tanah secara mendalam dengan 

menggunakan alat canggih. Langkah-langkah adaptasi dan mitigasi seperti sistem 
perhutanan tani pertanian, penanaman semula hutan dan aktiviti pemulihan tanah perlu 

di perbanyakan. Pendidikan alam sekitar perlu disepadukan dalam kurikulum 

pengajaran rendah dan menengah untuk meningkatkan kesedaran alam sekitar. 

Terdapat juga keperluan untuk meningkatkan kehidupan penduduk luar bandar dengan 

menyediakan pendapatan alternatif dan sumber tenaga dalam negeri kerana mereka 

sangat bergantung kepada sumber semula jadi untuk hidup. Kajian baru ini terletak 

pada pengintegrasian penginderaan jarak jauh dan GIS, MEDALUS-EASI dan rangka 

kerja DPSIR untuk menyediakan platform yang unik dan jelas bagi pemodelan pola 

litupan LC dan magnitud degradasi tanah di kawasan tersebut. 

 

 

 
 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

v 

 

ACKNOWLEDGEMENTS 

 

 

All praise is to Allah (SWT), the creator of humanity and the solicitor of the universe. 

May peace and blessings of Allah be upon to our beloved prophet Muhammad (SAW), 

his companions, households and all the believers of Islam (Ameen). 
 

 

I wish to first express my sincere appreciation to my able supervisor Associate 

professor Dr Mohd Hasmadi Ismail for his constant encouragement and guidance 

throughout this research work.  

 

 

I will also like to express my gratitude to members of the supervisory committee 

Associate Professor (Dr.) Mohamad Azani Alias and Dr Alias Mohd Sood for their 

guidance, support and encouragement.  

 

 
I as well want to thank the Tertiary Education Trust Funds (TETFund) of Nigeria 

through Kebbi state university of Science and technology, Aliero for funding this 

research work. 

 

 

I am very grateful to the families of Late Alhaji Adamu Suleiman Aliero especially 

Muhammad Adamu Aliero and Abubakar Abba A. Aliero; my family members for 

their ever tied support and encouragement. 

 

 

I also want to appreciate the effort of the United States Geological Survey (USGS), 
European Space Agency (ESA), National Statistics Bureau of Nigeria (NSB) as well as 

all the relevant Agencies for providing the data freely available for a project of this 

kind. 

 

 

Worth mentioning are my colleagues Iqbal Putut, Umar Lawal, Juan Doksi, 

Muhammad Ado, Murtala Dangulla, Shaila to mention but a few, for their contribution 

to the success of this study. 

 

 

 

 
 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

vi 

 

I certify that a Thesis Examination Committee has met on 28 May 2018 to conduct the 

final examination of Muhammadu Mansur Aliero, on his thesis entitled “Development 

of a geospatial framework for monitoring and assessing land degradation in Kebbi 

State, Nigeria” in accordance with the Universities and University Colleges Act 1971 

and the Constitution of the Universiti Putra Malaysia [P.U.(A) 106] 15 March 1998. 

The Committee recommends that the student be awarded the Doctor of Philosophy. 
 

 

Members of the Thesis Examination Committee were as follows:  

 

 

Pakhriazad Hassan Zaki, PhD 

Associate Professor 

Faculty of Forestry 

Universiti Putra Malaysia  

(Chairman)  

 

 

Helmi Zulhaidi Mohd. Shafri, PhD 

Associate Professor  

Faculty of Engineering 

Universiti Putra Malaysia  

(Internal Examiner)  

 

 

Mohammad Firuz B. Ramli, PhD 

Associate Professor  

Faculty of Environmental Science 

Universiti Putra Malaysia  
(Internal Examiner)  

 

 

Itaya Tamaki, PhD 

Associate Professor 

Laboratory of Forest Operation and Systems 

Graduate School of BioResource 

Mie University, Japan 

(External Examiner)  

 

       

                     NOR AINI AB. SHUKOR, PhD 
                     Professor and Deputy Dean 

                     School of Graduate Studies 

                     Universiti Putra Malaysia 

    

 

Date: …………………... 

 

 

 



© C
OPYRIG

HT U
PM

vii 

 

This thesis was submitted to the Senate of Universiti Putra Malaysia and has been 

accepted as fulfilment of the requirement for the degree of Doctor of Philosophy. The 

members of the Supervisory Committee were as follows: 

 

 

Mohd Hasmadi Ismail, PhD 
Associate Professor 

Faculty of Forestry 

Universiti Putra Malaysia  

(Chairman) 

 

 

Mohamad Azani Alias, PhD 

Associate Professor 

Faculty of Forestry 

Universiti Putra Malaysia  

 (Member) 

 
 

Alias Mohd Sood, PhD 

Senior Lecturer 

Faculty of Forestry 

Universiti Putra Malaysia  

(Member) 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

                                    

ROBIAH BINTI YUNUS, PhD 

Professor and Dean 
School of Graduate Studies 

Universiti Putra Malaysia 

 

 

Date:  

 

 

 

 



© C
OPYRIG

HT U
PM

viii 

 

Declaration by graduate student 

 

 

I hereby confirm that: 

 this thesis is my original work; 

 quotations, illustrations and citations have been duly referenced; 

 this thesis has not been submitted previously or concurrently for any other degree 

at any other institutions; 

 intellectual property from the thesis and copyright of thesis are fully-owned by 

Universiti Putra Malaysia, as according to the Universiti Putra Malaysia 

(Research) Rules 2012; 

 written permission must be obtained from supervisor and the office of Deputy 

Vice-Chancellor (Research and Innovation) before thesis is published (in the form 

of written, printed or in electronic form) including books, journals, modules, 

proceedings, popular writings, seminar papers, manuscripts, posters, reports, 

lecture notes, learning modules or any other materials as stated in the Universiti 

Putra Malaysia (Research) Rules 2012; 

 there is no plagiarism or data falsification/fabrication in the thesis, and scholarly 

integrity is upheld as according to the Universiti Putra Malaysia (Graduate 

Studies) Rules 2003 (Revision 2012-2013) and the Universiti Putra Malaysia 

(Research) Rules 2012.  The thesis has undergone plagiarism detection software. 

 

 

 

 

Signature: ________________________      Date: __________________ 

 

 
Name and Matric No: Muhammadu Mansur Aliero, GS44395 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

x 

 

TABLE OF CONTENTS 

 Page 

  

ABSTRACT      i 

ABSTRAK iii 

ACKNOWLEDGEMENTS v 

APPROVAL vi 

DECLARATION viii 

LIST OF TABLES                                                                                                        xii 

LIST OF FIGURES                                                                                                     xv 

  

CHAPTER  

  

1 INTRODUCTION 1 

 1.1 Background  1 

 1.2 Problem statement  3 

 1.3 Objectives of the study 4 

 1.4 Research justification 5 

 1.5 The scope of the study 6 
 1.6 Research framework 6 

 

2 LITERATURE REVIEW                                                                   8 

 2.1 Introduction 8 

 2.2 The concept of desertification and land degradation 8 

  2.2.1 Causes of desertification and land degradation 9 

  2.2.2 The impact of desertification and land degradation 12 

  2.2.3 Efforts by the Nigerian government to combat 

desertification 

14 

 2.3 Land degradation monitoring and assessment 16 

  2.3.1     Remote sensing based land degradation assessment 17 

  2.3.2     The DPSIR framework 19 
  2.3.3     The MEDALUS-ESAI 21 

     

3 MATERIALS AND METHODS 30 

 3.1 Introduction 30 

 3.2 The study area 30 

 3.3 The general study framework 32 

 3.4 Remote sensing image acquisition  34 

 3.5 Remote sensing data processing 34 

  3.5.1 Image pre-processing 35 

  3.5.2 Image classification 35 

  3.5.3 Classification Accuracy assessment 33 
  3.5.4 Land cover change detection 37 

  3.5.5 Land cover prediction 38 

 3.6 Field (survey) data collection 39 

  3.6.1 Sample size selection 40 

  3.6.2 Preparation of questionnaire  40 

  3.6.3 Data analysis 41 

 3.7 The DPSIR framework 41 

  3.7.1 The components of DPSIR 42 



© C
OPYRIG

HT U
PM

xi 

 

 3.8       The MEDALUS-ESAI framework 43 

  3.8.1 The Environmental Sensitivity Area Index (ESAI) 43 

  3.8.2 Index data sources 45 

  3.8.3 Data quality assessment     48 

  3.8.4 Data conversion to GIS environment 48 

  3.8.5 Spatial interpolation 49 
  3.8.6 The Medalus-ESAI parameterization 49 

  3.8.7 Thematic map generation 55 

 3.9 Sensitivity analysis 57 

  3.9.1 Correlation analysis 57 

     

4 RESULTS AND DISCUSSIONS 59 

 4.1 Introduction 59 

 4.2 Land cover change and vegetation depletion 59 

  4.2.1 Land cover change 59 

  4.2.2 Accuracy assessment 63 

  4.2.3 Vegetation depletion 63 

  4.2.4 The analyses of land cover change and vegetation 
depletion using the DPSIR framework 

65 

 4.3 Land cover prediction 69 

  4.3.1 Land cover change trajectory 69 

  4.3.2 Assessment of the transition rule 71 

  4.3.3 Land cover prediction simulation 72 

 4.4 Assessment of desertification sensitivity using ESAI 74 

  4.4.1 Data conversion into the GIS environment 74 

  4.4.2 Data quality assessment result 78 

  4.4.3 The ESAI parameter 80 

  4.4.4 Soil quality index     88 

  4.4.5 Climatic quality index 94 

  4.4.6 Vegetation quality index 98 
  4.4.7 Human quality index 104 

 4.5 The environmental sensitivity area index (ESAI) 106 

  4.5.1 Sensitivity analysis 108 

  4.5.2 Correlation between ESAI and SQI, CQI, VQI & HQI 110 

  4.5.3 Correlation between ESAI and (16) parameters 111 

     

5 SUMMARY, CONCLUSION AND RECOMMENDATION 114 

 5.1 Summary 114 

 5.2 Conclusion 116 

 5.3 Recommendation 116 

 

REFERENCES 

 
118 

APPENDICES 128 

BIODATA OF STUDENT 146 

LIST OF PUBLICATIONS 147 

 

  



© C
OPYRIG

HT U
PM

xii 

 

LIST OF TABLES 

 

Table  Page 

   

2.1 Projects under implementation that are directly or indirectly related 

to the desertification in Nigeria 

14 

   

2.2 Other projects implemented to tackle environmental problems in 

Nigeria 

15 

   

2.3 The components of the DPSIR framework 20 

   

2.4 Some important desertification indicators used for ESAI analysis 23 

   

2.5 Applications of ESAI for desertification sensitivity in different 

locations 

28 

   

3.1 Descriptive summary of the study area 30 
   

3.2 Detail of satellite data used for the study 34 

   

3.3 NIR and Red bands for Landsat (TM, ETM and OLI) and  

Sentinel2 

38 

   

3.4 Multi-stage sampling procedure for socioeconomic data collection 40 

   

3.5 The ESAI result classification 45 

   

3.6 Soil parameters and data source 46 
   

3.7 Climatic parameters and data source 46 

   

3.8 Vegetation parameters and data source 47 

   

3.9 Human (social) parameters and data source 47 

   

3.10 Description of parameters, class range and weighted score for SQI, 

CQI, VQI and HQI 

54 

   

4.1 Description of land cover classes identified in the study area 59 

   
4.2 Percentage land cover gain (+) and loss (-) 63 

   

4.3 Accuracy assessment (in percentage) of the land cover themes 63 

   

4.4 Description of land cover classes identified in the study area 70 

   

4.5 Percentage land cover gain (+) and loss (-) 71 

   

4.6 Land cover transition probability matrix from 2006 to 2016 71 



© C
OPYRIG

HT U
PM

xiii 

 

   

4.7 Sensitivity classes and area coverage for soil texture map 80 

   

4.8 Sensitivity classes and area coverage for soil porosity map 82 

   

4.9 Sensitivity classes and area coverage for SOM map 83 
   

4.10 Sensitivity classes and area coverage for a bulk density map 84 

   

4.11 Sensitivity classes and area coverage for Soil pH map 86 

   

4.12 Sensitivity classes and area coverage for soil slope map 87 

   

4.13 Sensitivity classes and area coverage for SQI map 88 

   

4.14 Sensitivity classes and area coverage for LST map 89 

   

4.15 Sensitivity classes and area coverage for aridity index map 91 
   

4.16 Sensitivity classes and area coverage for aspect map 92 

   

4.17 Sensitivity classes and area coverage for PET map 94 

   

4.18 Sensitivity classes and area coverage for CQI map 94 

   

4.19 Sensitivity classes and area coverage for vegetation cover map 96 

   

4.20 Sensitivity classes and area coverage for tree density map 97 

   
4.21 Sensitivity classes and area coverage for VQI map 98 

   

4.22 Sensitivity classes and area coverage for farming intensity map 100 

   

4.23 Sensitivity classes and area coverage for grazing intensity map 101 

   

4.24 Sensitivity classes and area coverage for fuelwood usage map 103 

   

4.25 Sensitivity classes and area coverage for population density map 103 

   

4.26 Sensitivity classes and area coverage for HQI map 106 

   
4.27 Sensitivity classes and area coverage for ESAI map 108 

   

4.28 Pearson correlation coefficient for SQI and soil parameters 109 

   

4.29 Pearson correlation matrix CQI and climate parameters 110 

   

4.30 Pearson correlation result for VQI and vegetation parameters 110 

   

4.31 Pearson correlation coefficient for HQI and its constituents 104 



© C
OPYRIG

HT U
PM

xiv 

 

   

4.3.2 Pearson correlation coefficient for ESAI and SQI, CQI, VQI & 

HQI 

111 

   

4.33 Correlation result for ESAI and all the sixteen (16) indicators in the 

index 

112 

  



© C
OPYRIG

HT U
PM

xv 

 

 LIST OF FIGURES  

   

   

Figure  Page 

   

1.1 The conceptual framework of the study  7 

 

2.1 The causes of desertification  10 

   

2.2 Natural land degradation cycle 11 

   

2.3 Global distribution of dryland 12 

   

2.4 Status of global land degradation  13 

   

3.1 Map of the study area shown from Nigerian map 31 

   

3.2 The general methodology flowchart  33 

   

3.3 Methodology flowchart for land cover and vegetation change 35 

   
3.4 Ground truth sampled locations 36 

   

3.5 Methodology flowchart for land cover prediction 39 

   

3.6 The DPSIR framework. 42 

   

3.7 Random sample points 49 
   

3.8 Methodology flowchart for the ESAI 56 

   

4.1 Percentage of land cover change distributions (1986, 1996, 2006 

and 2016) 

60 

   

4.2 Trends in a land cover change (1986, 1996, 2006 & 2016) 61 

   

4.3 Land cover maps of the study area (1986, 1996, 2006 & 2016) 62 

   

4.4 Trends of vegetation change (1986, 1996, 2006 & 2016) 64 

   
4.5 NDVI Map of the study area (1986, 1996, 2006 & 2016) 65 

   

4.6 Population density (a) Population growth (b) of Kebbi State. 67 

   

4.7 Sources of energy for domestic use (a) Farming practice (b) Tree 

planting initiative (c) Planting purpose (d) in Kebbi State 

69 

   

4.8 Percentage of land cover change distribution (2006, 2016 and 

predicted 2026) 

 

70 



© C
OPYRIG

HT U
PM

xvi 

 

4.9 Land cover maps of the study area (2006 and 2016) 70 

 

4.10 Predicted land cover maps of 2026 73 

   

4.11 Thematic layers of soil variables (a) texture (b) porosity (c) organic 

matter and (d) pH 

75 

   

4.12 Thematic layers of vegetation variables (a) vegetation cover and (b) 

tree density 

76 

   

4.13 Thematic layers of climatic variables (a) temp (b) aridity (c) aspect 

and (d) PET 

77 

   

4.14 Thematic layers of human variables (a) Grazing density (b) farming 

intensity (c) population density and (d) Alternative to fuelwood 

usage 

78 

   

4.15 The scatter plot for the observed & predicted soil (a) bulk density 

(g/cm3) and (b) porosity (%) 

79 

   

4.16 The scatter plot for the measure and predicted soil (a) organic 

matter (%) and (b) pH 

79 

   

4.17 The scatter plot for the measure and predicted soil (a) texture and 

(b) tree density (tree/ha) 

79 

   

4.18 Soil texture sensitivity map 81 
   

4.19 Soil porosity sensitivity map 82 

   

4.20 Soil organic matter sensitivity map 83 

   

4.21 Soil bulk density sensitivity map 85 

   

4.22 Soil pH sensitivity map 86 

   

4.23 Soil surface slope sensitivity map 87 

   

4.24 Soil quality index map 88 
   

4.25 Surface temperature sensitivity map 90 

   

4.26 Aridity index sensitivity map 91 

   

4.27 Aspect sensitivity map 92 

   

4.28 PET sensitivity map 93 

   

4.29 Climate quality index map 95 

 



© C
OPYRIG

HT U
PM

xvii 

 

4.30 Vegetation cover sensitivity map 96 

   

4.31 Tree density sensitivity map 97 

   

4.32 Vegetation quality index map 99 

   

4.33 Farming intensity sensitivity map 100 

   
4.34 Grazing intensity sensitivity map 101 

   

4.35 Fuelwood usage sensitivity map 102 

   

4.36 Population density sensitivity map 104 

   

4.37 Human quality index map 105 

   

4.38 Environmental sensitivity area index map 107 



© C
OPYRIG

HT U
PM

1 

 

CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Background  

 

 

Ecosystem pattern changes over time, depending mainly on the environmental, social, 

economic and natural forces acting upon them. Understanding the nature of these 

changes is essential not only to enhance proper planning, management and guideline 

on the use of land resources but also to adapt and mitigate the adverse changes. Forest 

ecosystem plays an essential role not only in the provision of goods and services but 

also in the global carbon cycles (Kumar et al., 2010), however, are in a state of 

permanent flux at a variety of spatial and temporal scales. The causes of these changes 

can be natural as well as anthropogenic or may be a combination of the two (Khaine, & 

Woo, 2014).  
 

 

Natural disturbance events such as wildfire, disease outbreaks, windstorms, hurricanes, 

floods, and droughts are expected to increase in frequency and magnitude, which will 

impose significant consequences to forest ecosystem dynamics (Virginia et al., 2001). 

Long-term changes in climatic variables such as temperature, drought and precipitation 

dramatically alter the conditions of vegetation growth. Human-induced changes related 

to deforestation, unsustainable land use, overgrazing, illegal bush burning, fuelwood 

extraction are believed to have caused significant adverse changes in the forest 

ecosystem. These changes in the forest interacting with air quality fluctuations, may 

substantially alter forest productivity, stand density as well as sequestration of carbon 
in both vegetation and soils (Matyssek et al., 2012); the net effect of these is forest 

degradation. 

 

 

Forest degradation as a prelude to land degradation in some areas is a crucial 

phenomenon, and as such, monitoring of forest cover trends and functions offers 

essential information to support policies and decisions guideline in order to conserve, 

protect and sustainably manage the forests, particularly in the tropics where forests are 

diminishing at a speedy rate. Effective monitoring systems are required for efficient 

and updated information about the land resources trends. Detecting and analysing the 

pattern of these trends is an essential step, and the results may serve as a necessary 

input for forecasting, planning and decision-making processes to moderate the adverse 
effects of land degradation.  

 

 

Land degradation is defined as a process of gradual or permanent loss of land 

productivity mainly due to anthropoid activities, or from the disparity between land 

quality and the intensity of land use. Land degradation became problematical in the 

sense that it affects all the global regions, not only the drylands and developing 

countries, with about one-third of the world farming land classified as either extremely 

or reasonably degraded (UNCCD, 2014).  
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Land degradation turns out to be critical, mainly when associated with extreme 

climatic conditions, together with specific patterns of drought and human-induced 

changes may transform into an irremediable form of environmental land degradation 

that is desertification. 

 

 
Desertification in its simplest and operational definition by (UNCCD) to mean land 

degradation occurring in arid, semi-arid and dry sub-humid regions, caused by 

numerous factors put together as climatic and anthropogenic events. Desertification is 

getting popular by its extreme destructive effects not only on the environmental 

biodiversity, but a severe economic, social, and geopolitical consequence. The extent 

to which the phenomenon is spreading attracts the attention of not only politician and 

land managers, but also scientific and research communities at the different strategic 

level of actions with the aim of monitoring, assessing and evaluating desertification for 

better understanding before taking any crucial decision on the prevention, mitigation 

and adaptation measures.  

 

 
Methodologies and frameworks were developed and applied to qualitatively and 

quantitatively monitor, assess and evaluate the extent and severity of desertification 

using various conceptions and definitions. However, are commonly based on essential 

indicators that attempt to simplify the reality of the complicated process of 

desertification, however, are found to be useful in enlightening information either 

qualitative or quantitative about the phenomenon which is sometimes difficult to 

measure.  

 

 

Geospatial technological tool such as remote sensing (RS) and geographic information 

system (GIS) has advanced and present the most effective and efficient tool for 
analyzing environmental  trends as demonstrated by many researchers (Aguilar et al., 

2016; Hadeel, et al., 2009; Lu et al., 2005; Santini, 2005; Jensen 2005) in various field 

of studies. However, geographic information system, in particular, allows for the 

modelling of multiple factors or variables that are considered to have influenced a 

particular environmental problem and allow for the presentation of the modelled 

phenomenon in an explicit and spatial pattern.  

 

 

The Medalus-ESAI stand for Mediterranean desertification and land use-

Environmental Sensitive Area Index. It is a GIS-based environmental modelling 

approach that allows for cross-analyses and elaborations of the variable targeting 

particular aspects of desertification and their assessment concerning their spatial 
distribution. It is developed by (Kosmas et al., 1999) based on four group of several 

biophysical and human-induced variables, designated as  soil (texture, rock fragments, 

drainage, parent material and depth), climate (aspects, rainfall and aridity,), vegetation 

(vegetation cover, resistance to aridity, fire risk and erosion protection) and 

management practices or human factors (pastures and forest areas, land use intensity, 

managerial policies). The basic premise here is that each triggering variable of land 

degradation will be allotted a threshold value based on the relevant starring role played 

in the land degradation process in a given land. 
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One of the outstanding features of MEDALUS-ESAI is its flexibility and allows 

modification of parameters by the local conditions and the availability of datasets. 

 

 

The DPSIR framework was first coined in the year 1993 as Pressure-State-Response 

(PSR) by the Organization for Economic Cooperation and Development 
(OECD)(OECD, 1993)  It was revised in the year 1999 as Driver-Pressure-State-

Impact-Response (DPSIR) by the European Environment Agency (EEA). The 

framework was designed to be used for the environmentalists for identifying, analysing 

and evaluating complex environmental problems and has since been widely renowned 

by various scholars in numerous research disciplines not only for its advantages and 

suitability but also applicable to all kinds of environmental problems (Sermin et al., 

2016).  

 

 

The framework tends to describe the essential factors that act as the driving forces as 

well as their underpinning pressures that affect the state of the condition of a particular 

environment. It as well helps to assess the impact of the situation in the society and the 
responded by the government or society through different initiatives (activities or 

planning) to reduce the negative or to encourage the positive impacts to the 

environment. 

 

 

1.2 Problem statement  

 

 

Desertification phenomenon was discovered more than a century, however, has never 

been as critical as it is at present. It is known for its extreme destructive effects not 

only on the environmental biodiversity, but a severe economic, social, and geopolitical 
consequence (UNCCD, 2013; Ayuba, 2016; Thelma, 2015).  Desertification, 

intensified by climate change, presently presents one of the ultimate environmental 

issues (UNCCD, 2007); it is hazardous to natural resources with negative implication 

on food security, poverty and political stability (M. Sivakumar & Stefanski, 2007). It 

was projected that millions of hectares of land are annually degraded; currently, more 

than 2 billion people are directly or indirectly affected globally by land degradation 

and distressing more than 33% of the earth´s land surface (UNCCD, 2014).  

 

 

Despite the increasing global concerns from the observed impacts of desertification, 

the possible reliable assessments of the extent and nature of the land degradation and 

the rate at which it is increasing or diminishing at global, national and regional scale 
are limited (Santini, 2005). Moreover, there is still a paucity of available data on the 

extent, trends and severity of land degradation in the drylands (UNCCD, 2009; UN-

REDD, 2013). 

 

 

In northern Nigeria, desertification and droughts constitute the severe ecological 

problem with mortifying economic effect to the nation (Medugu et al., 2011). 
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It is presently estimated that Nigeria is losing some 351,000 square kilometres to the 

desert, representing 40% of its total land mass (Ayuba, 2016); at a rapid rate of about 

600m annually southward (Olagunju, 2015). The effect is tremendous to the extent 

that, dunes buried villages and the major access roads in the extreme northern parts of 

Kebbi, Sokoto, Katsina, Borno, Jigawa, and the Yobe States (Medugu et al., 2011). 

This has resulted in the forced migration of the affected human and livestock 
populations southward to pressure point buffer states of Abuja FCT, Kwara, Taraba, 

Plateau, Kaduna and Niger states (Ayuba, 2016). Despite the fact that desertification is 

crucial, its extent and severity in Nigeria have not updated since the Dregne (1983)’s 

world desertification map which is still being used as a reference (Medugu, 2011). 

 

 

Kebbi state is threatened with desertification phenomenon; the causes include rapid 

population growth, deforestation, mainly for fuelwood and construction purpose, 

climate variability, unsustainable land use and grazing as well as extreme poverty level 

and natural resource dependency. The issue is associated with severe land degradation 

resulting linked with an alarming rate of rapid desert encroachment southward. The 

situation has a vast drawback related to the diminishing of ecosystem services and 
negative socioeconomic impact on community livelihood.   

 

 

Regardless of the adverse impact posed to the environment, the extent, trends and 

severity of desertification in Kebbi state has neither fully recognised, nor the rate of its 

development was accurately documented. Subsequently, there is an urgent need for 

geospatial monitoring and assessment of desertification sensitivity using biophysical 

(soil, climatic and vegetation) and anthropogenic indicators, because it established that 

the unsustainable management of these indicators had done more harm to the 

environment in addition to climate variability in the area. 

 
 

The capability of modern geospatial technologies is believed to play a critical role; and 

its integration with the conventional inventories using advance methodological 

frameworks (DPSIR and ESAI) can facilitate quantitative evaluation and provide a 

baseline for monitoring the extent, severity and the trend of desertification in the area. 

 

 

1.3 Objective of the study 

 

 

The primary objective of the research is to develop a geospatial framework for 

monitoring and assessing land degradation in Kebbi State, Nigeria. 
 

 

The specific objectives are: 

1. To quantify land cover change and vegetation depletion between 1986 to 2016. 

2. To model a land cover change for the year 2026.  

3. To characterise desertification sensitivity in the area. 
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1.4 Research justification  

 

 

Desertification, deforestation, land degradation and climate change are nowadays the 

most common critical environmental problems globally. In particular, land degradation 

and desertification have vast negative consequence not only to the environment but 
also socio-economic as well as to the general livelihood of the society, especially in the 

dry land.  

 

 

These problems include poverty, social conflict and forced migration, to mention but a 

few. Addressing these critical issues requires information on the extent and severity of 

land degradation process and pattern of land cover change as well as their impact on 

the society.  

 

 

This study “development of a geospatial framework for monitoring and assessing 

desertification process in Kebbi State, Nigeria” is of very significant in the following 
context. The long-term spatial-temporal evaluation of land cover changes and 

vegetation depletion aspect of this study is of immense benefit as it will provide 

necessary information about the trends of land cover and vegetation depletion in the 

area for thirty years (30),  from (1986-2016). The thematic land cover maps for the 

studied area would be available for the year 1986, 1996, 2006 and 2016 which will be 

very useful both by the government, non-government organisations, civil society for 

proper planning of sustainable management.  

 

 

The study however, employ the use of socio-demographic information to examine land 

cover change and vegetation depletion using the components of DPSIR framework as 
it provides a linkage between the underlying factors acting as driving forces of the 

change and underpinning pressures and their impacts posed to the environment as well 

as the response (remediation) actions either by the government or the society through 

different initiatives (activities or planning) to reduce the menace to the environment. 

This will augment a better understanding of the land cover change trend. 

 

 

The land cover prediction part of the study will provide the thematic future land cover 

maps (scenario) for 2026; this will give an insight on what the future probably holds 

about the current land resource use.  This will serve as a guide to relevant authorities in 

economic, social as well as environmental planning. 

  
 

The desertification sensitivity of the area was also assessed using soil, climate, 

vegetation and anthropogenic factors; this is very crucial especially now that it has 

become a global concern. The desertification sensitivity map of the area is made 

available for the year 2016; this will be very beneficial both by the government, non-

government organisations as well as civil society for proper planning and sustainable 

environmental management.  
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Finally, information obtained from this study can serve as a reference point for 

desertification monitoring and management in the study area. These may, however, 

help the environmentalists, researchers or land resources managers in their various 

activities.  

 

 

1.5 Scope and limitations  

 

 

This study focused mainly on the integration of remote sensing and conventional 

socio-economic survey dataset using MEDALUS-ESAI and DPSIR framework for 

long-term monitoring and evaluation of land cover change and vegetation depletion, 

prediction of the future land cover and spatial assessment of desertification sensitivity 

in the semi-arid region (Kebbi state) Nigeria.  

 

 

The long-term spatial-temporal evaluation of land cover changes and vegetation 

depletion encompasses the analysis of the trends of land cover and Vegetation indices 
of the study area for thirty years (30). From (1986-2016) with available Landsat data 

for the year 1986, 1996, 2006 and 2016  using ten (10) years interval (1986-1996, 

1996-2006 and 2006-2016), while the land cover prediction for the year 2026 is 

accomplished using the CA-Markov prediction model with the same data.  

 

 

The desertification sensitivity of the study area was assessed by using MEDALUS-

ESAI index with soil (organic matter, texture, porosity, bulk density and slope), 

climate (potential evapotranspiration, temperature, aspect and aridity), vegetation 

(vegetation cover and stand density) and anthropogenic (population density, farming 

intensity, grazing density and fuelwood usage) indicators. 
 

 

The research was initially planned to cover the whole Kebbi state as a study site with a 

land mass of about 36,000Km2 but, later cascade down to a mere half of the site 

(18,000Km2) due to time, financial and workforce constraint. Lack of or paucity of 

literature about the issue under investigation (Land degradation) that explicitly relate to 

the study site is as well also a limiting factor too.  

 

 

Another critical issue is a land degradation variables selection; though many factors 

contribute to land degradation, only biophysical (soil, climate and vegetation) and 

anthropogenic factors were considered, based on their availability at the study site. 
 

 

1.6 Research framework 

 

 

This study conceptualised that desertification is increasing rapidly mainly due to 

natural and diverse anthropogenic factors (both land use factors and socioeconomic 

factors), and land degradation has exacerbated the issue.  
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Currently, there is an urgent need to monitor and assess desertification in the area 

critically with the geospatial tool using biophysical (soil, climatic and vegetation) and 

anthropogenic indicators, because it established that the unsustainable management of 

these indicators had done more harm to the environment. The planned conceptual 

framework is shown in Figure 1.  

 
 

Historical satellite data were used to monitor and detect a land cover change in the 

area, field survey data used to identify factors of the changes and its impacts while 

biophysical (soil, climatic and vegetation) and anthropogenic indicators were used to 

assess the current extent of desertification in the area. This will be very beneficial both 

by the government, non-government organisations as well as civil society in proper 

planning for adaptation, mitigation and sustainable land restoration. 

 

 

Figure 1.1: Conceptual framework of the study 
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