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Abstract

The remote sensing technology is increasingly being used to study land use and vegetation 
cover changes and identify changes that has occur through different land use activities which 
may have negative impact on the sustainability of the environment, biodiversity protection 
and  conservation.  With  increase  in  population  growth  rate  in  Sudan,  there  has  been  an 
increase for  food crop production with agriculture  playing  a  prominent  role  in livelihood 
security for the increasing population. 

The increase use of irrigation and mechanisation has brought about an increase in demand for 
agricultural land use in Sudan with the conversion of other land use types and vegetation for 
agricultural land use. This does have effect and impact on the vegetation and environment 
with the country highly exposed to the incidence of environmental  and social hazards and 
disasters  including  drought  and desertification,  deforestations,  floods,  loss  of biodiversity, 
ethnic conflicts and poverty. 

The research study work focused on agricultural land use changes in the country with the aim 
of investigating the agricultural land use changes that has occurred in the country from 1986 
to  2002  using  the  remote  sensing  technique.  This  is  important  for  agricultural  land  use 
planning and sustainability monitoring to reduce the negative impact of agricultural land use 
for crop production and increase long term resource use and environmental  sustainability. 
Two remote sensing methods were used for the classification analysis to identify the land use 
changes  namely  the  NDVI  and  the  parallelepiped  classification  techniques.  The  NDVI 
method was used to identify the changes in the agricultural land use vegetation cover classes 
and determine the magnitude of changes in land area use that has occurred from 1986 to 2002 
when  the  former  and  latter  remote  sensing  images  were  acquired.  The  parallelepiped 
classification  technique  was  however  used  to  identify  the  aggregate  agricultural  land  use 
changes in  the area of study and conversion to and from other categories  of land use.  A 
qualitative analytic technique was also used to identify the possible causes of the changes that 
have occurred in Sudan in the study period using empirical materials.

The research study result gives information on the role the remote sensing technology can 
play in analyzing land use cover changes for agricultural land use sustainability monitoring.

Key  words: agriculture,  GDP,  irrigation,  population  remote  sensing,  sustainable 
development, GIS, NDVI, environmental sustainability and biodiversity

iv



Acknowledgements

I want to express my gratitude to my supervisor, Prof Åke Sivertun for his contribution and 
guidance  to  the  completion  of  this  research  work and the  masters  program.   One of  the 
greatest things I appreciate him for is his passion for the students to learn and not just earn a 
degree. I am grateful to him for all his constructive advices and effort at getting access to 
research materials needed for the research work.

I am also grateful to Dr Rita Kovordanyi  for her words of encouragement and support in 
completing the program. My appreciation also goes to my program colleague, Chandan Roy 
for his contribution and support to the research work and the technical assistance he gave in 
carrying out my laboratory analysis. Special thanks to my other program colleagues Shapon 
Rahman, and Mohammed Elmontsar among others. 

I also want to express my appreciation to my parents, Gabriel and Felicia Olagunju for their 
support  and  encouragement,  my  uncles,  Dr  Dave  Olagunju  and  Dr  John  Olagunju,  my 
brother, Andy for their support throughout the period of the masters program as well as my 
friends Yewande Odeyemi, John Onita and Babatunde Awosika for their support and words 
of encouragement.

v



Table of Content
Avdelning, institution..................................................................................................................i
Abstract......................................................................................................................................iv
Acknowledgements.....................................................................................................................v
Table of Content........................................................................................................................vi
List of Tables............................................................................................................................vii
List of Figures...........................................................................................................................vii
Glossary...................................................................................................................................viii
List of Acronyms.....................................................................................................................viii
Chapter 1      Land Use and Land Cover Changes in Sudan: Implications for Agricultural 
Sustainability...............................................................................................................................1
1.1 Introduction...........................................................................................................................1
1.2 Land Use and Vegetation Change.........................................................................................2
1.3 Agricultural Production in Sudan.........................................................................................2
1.4 Population Growth and Increased Need for Food Supply....................................................4
1.5 Aim of Study.........................................................................................................................5
1.6 Justification for the Study.....................................................................................................5
Chapter 2 Location and Methodology........................................................................................7
2.1 Study Area Location and Climatic Conditions.....................................................................7
2.2 Methodology.......................................................................................................................12
2.3 Data and Material used for the Research Wok....................................................................13
2.4 Remote Sensing Image Processing.....................................................................................14
2.5 Limitations to the Study......................................................................................................17
Chapter 3     Land Use Changes and Environmental Sustainability Challenges in Sudan.......19
3.1 Land Use in Sudan..............................................................................................................19
3.2 Agricultural and Environmental Challenges in Sudan........................................................22
3.3 Agricultural Land Use and Sustainable Development........................................................23
3.4    Impact of Sudan Civil War on Land Covers Changes and Ecological Degradation.......25
3.5 Agricultural and Environmental Resources Management in Sudan...................................26
3.6 Livelihood Security and Diversification in Sudan..............................................................26
3.7 Remote Sensing and GIS Assessment of Land Use and Cover Changes...........................27
Chapter 4 Result Presentation...................................................................................................29
4.1 Classification results of the Vegetation Index Analysis.....................................................29

4.1.1 Visually Observed Difference in the Land Use Classes of the VegIndex (NDVI) of 
the Landsat TM and ETM Images........................................................................................29
4.1.2 Digitally Observed Difference in the VegIndex (NDVI) Analysis of the Landsat TM 
and ETM Images from Area Calculation..............................................................................33

 4.2 Classification Results of the Parallelepiped  Analysis of the TM and ETM Images.........34
4.2.1 Visually Observed Difference in the Parallelepiped Classification Analysis Results 
for Landsat TM and ETM Images.........................................................................................35
4.2.2 Digitally Observed Difference in the Parallelepiped Classification  Analysis of the 
Landsat TM and ETM Images from Area Calculation and Cross-Tabulation......................36

4.3       Land Use and Land Cover Analysis using the Parallelepiped and Maxlike 
Classification Techniques.........................................................................................................41

4.3.1 Classification Results of the Parallelepiped Analysis of the TM (1987) and ETM 
(2000) Images.......................................................................................................................41
4.3.2 Classification Results of the Maxlike Analysis of the TM (1987) and ETM+ (2000) 
Images...................................................................................................................................43

4.4 Land Use Cover Changes Prediction Using the Markov Model.........................................46
Chapter 5  Discussion...............................................................................................................49

vi



5.1   Findings on Agricultural Land Use Changes in Sudan ....................................................49
5.2 Agricultural Land Use and Agricultural Sustainability in Sudan.......................................50
5.3 Management Practice for Agricultural Sustainability.........................................................51
5.4 Role of Government in Land Use Management.................................................................51
Chapter 6 Conclusion................................................................................................................53
6.1 Conclusion..........................................................................................................................53
6.2 Recommendations for further research...............................................................................54
References ................................................................................................................................55

List of Tables

Table 1.1 Contribution of agricultural sub-sector to the agricultural GDP in Sudan……..…2
Table 1.2 Government irrigation schemes in Sudan……………………………………..…..3
Table 3.1 Agricultural cultivated areas in 2003/04 and 2004/05 season n Sudan
                (million feddan)……………………………………………………………..……21
Table 4.1 Area calculation for the number of cells in the images (percentage)………….....33
Table 4.2 Markov transition probability ratios for the parallelepiped analysis result……....47
Table 4.3 Markov transition probability ratios for the Maxlike analysis result…………….47

List of Figures

Figure 1.1 Human Population growth in Sudan (1975 to 2005)……………………………....4
Figure 2.1 Map of Sudan showing the location of the study area……………………………...9
Figure 2.2 Map of Sudan showing the river networks and agricultural crop
                 production location………………………………………………………………..10
Figure 2.3a Map of Sudan showing the agricultural crop production area and the 
                   research study location……………………………………………………….......11
Figure 2.3b Map of Sudan showing the agricultural crop production area and the 
                   research study location……………………………………………………….......12
Figure 2.4 Interdisciplinary methodological approach used for the research work……….....13
Figure 2.5 Flow chart of remote sensing methodology framework for the study…………....15
Figure 3.1 Urban and rural population growth rate in Sudan (1975 to 2005)………………..19
Figure 3.2 Agricultural crop production in Sudan (1975 to 2005)………………………….. 20
Figure 3.3 Comparison between crop production, food import and food aid in Sudan……....21
Figure 4.1 NDVI image classification analysis result for the TM and ETM images………...28
Figure 4.2 NDVI image classification analysis result for the TM and ETM Images………...30
Figure 4.3 Agricultural land use area comparison between the Lansat TM (1986)
                 and ETM (2002) images…………………………………………………………..33
Figure 4.4 Parallelepiped analysis image classification result……………………………….35
Figure 4.5.1 Area differences in the parallelepiped analysis of the Landsat TM 1986
                    image…………………………………………………………………………….37
Figure 4.5.2 Area differences in the parallelepiped analysis of the Landsat ETM 2002
                    image…………………………………………………………………………….37
Figure 4.6 Cross-tabulation result of the parallelepiped analysis of the landsat TM
                 and ETM images…………………………………………………………………..38
Figure 4.7 Cross-Tabulation result of the parallelepiped analysis of the Landsat TM and 
                 ETM images showing the individual changed areas and the non-changed areas....39

vii



Figure 4.8 Land use and land cover analysis using the Parallelepiped technique 
                 for the Landsat TM  and ETM+ images…………………………………………..42
Figure 4.9 Comparison between the TM and ETM+ image using the parallelepiped
                  classification techniques………………………………………………………….43
Figure 4.10 Land use and land cover analysis using the Maxlike technique for the 
                   Landsat TM and ETM+ images………………………………………………….44
Figure 4.11Comparison between the Maxlike classification technique result for the 
                  TM image and ETM+ image……………………………………………………...45
Figure 4.12 Comparison between the Parallelepiped and Maxlike classification 
                    techniques for the TM (1986) image…………………………………………….46
Figure 4.13 Comparison between the Parallelepiped and Maxlike classification 
                   techniques for the ETM+ (2000) image………………………………………….46
Figure 4.14 Markov transition probability ratios for the parallelepiped analysis result……..47
Figure 4.15 Markov transition probability ratios for the Maxlike analysis result……………48

Glossary

Agricultural Crop Production: is defined as the cultivation of food and export crops  

Irrigation: refers to the practise of applying water to the soil to supplement the natural 
rainfall and provide moisture for plant growth

Agricultural Land Productivity: this refers to the capacity of agricultural lands to produce 
biomass or average output per unit area used

List of Acronyms

AQUASAT -FAO information system on Water and Agriculture

CBS -Central Bank of Sudan

FAO -Food and Agricultural Organisation

Feddan -Sudan unit of land area with 1 feddan equals 1.038 acres

GDP -Gross Domestic Product

GIS -Geographical Information System

ETM -Enhanced Thematic Mapper

TM -Thematic Mapper

GLCF    -Global Land Cover Facility

viii



MODIS   -Moderate Resolution Imaging Spectro-radiometer

NDVI       -Normalized Difference Vegetation Index

UNDESA -United Nations Department of Economic and Social Affairs

ix





Chapter 1      Land Use and Land Cover Changes in Sudan: 
Implications for Agricultural Sustainability

1.1 Introduction

The increasing impact of land use and cover changes 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. 

With the land use and land cover changes having a significant influence on the ecosystem 
with  impact  on  biotic  diversity,  soil  degradation,  ability  of  biological  systems  to  support 
human  needs  and the  venerability  of  places  and people  to  climatic,  economic  and socio-
political perturbation, understanding these surface processes and predicting the impact on the 
environment and food production system is necessary for militating against the continuous 
negative impact  of these changes.  Deforestation,  floods, drought,  desertification and land 
degradation has been issues of environmental concern in Sudan with increasing incidence of 
aridity in the region and changes in the climatic conditions of the region (Kibreab, 1996). 
With livestock raising, logging/deforestation and crop production dominant activities in the 
region, the consideration for the sustainable use of the environmental resources and long term 
sustainability of the environment is important and reducing the incidence of desertification 
and soil degradation in the region. 

Land degradation which can be measured in terms of soil erosion (loss of mineral, nutrients 
and organic matters),  changes in soil  structure,  texture and fertility as well  as changes in 
vegetation cover, reduction in palatable and nutritious plant species, increases in unpalatable 
and non-nutritious species  and decrease in perennial grasses (Ahlcrona 1988; Kibreab 1996) 
has been a phenomenon that has been associated with human pressure through improper land 
use practices  and commonly characterised  as a substantial  decrease in the land biological 
productivity  (Thiam,  2005).  With  this  phenomenon  considered  a  serious  environmental 
hazard in Sudan (Abbadi and Ahmed, 2006), the long term sustainability of the agricultural 
sector  in  the  country  is  at  risk  and  the  livelihood  security  of  about  80  percent  of  the 
population that are dependent on the sector for their livelihood.  It is therefore important to 
conduct agricultural land use changes research to determine the current status of the scenario 
towards developing ways  of militating  against  the increasing  negative impact  of land use 
changes and proffering solutions to the problem. 

The  remote sensing technology through the use of thematic mapper (TM  and ETM) data 
from Landsat satellite images has been used in many studies to identified features of land use 
and cover changes and detect soil degradation activities (Ahlcrona, 1988). With the use of 
high resolution data, land use changes can be assessed and interpretations made from analysis 
to  identify  the  changes,  where  and  when  it  changes  and  why and  how the  changes  has 
occurred with changes of integrating a diverse phenomena, space time patterns and socio-
biophysical  processes using an interdisciplinary means of addressing this (Rindfuss,  et al, 
2004). The dynamic human aspect of land use can also be examined at microscopic level 
which can be at the individual household, community, catena, patch, parcel and pixel level 
using the interdisciplinary methodology (ibid).

1



1.2 Land Use and Vegetation Change

There has been an increasing awareness on land use and land cover changes and the direct 
relationship these changes might have on observe land degradation in the sub Saharan region 
of Africa (Symeonakis  et al, 2004; Ahlcrona 1988). The vegetation in Sudan has a broad 
phyto-geographical zoning comprising of different range of ecological zones that is closely 
associated with plant species that favour specific climatic zones with basic vegetation still 
existing in most areas (D-JAM, 2006). However, misuse and overuse activities in the different 
regions of the country has resulted in land use and vegetation cover changes which has reduce 
the density of plants species in the regions (ibid). Some of the changes has come as a result of 
increased deforestation, agricultural crop cultivation, overgrazing, migration of people due to 
increased  cases  of  war  and  violence,  and  drought  in  some  of  the  regions   with  current 
estimation that about half of the country is exposed to periodic waves of drought (Abbadi and 
Ahmed, 2006; Symeonakis et al, 2004).

Human induced reduction in vegetation cover, poor agricultural practices and droughts lead to 
soil  aggregate  breakdown,  soil  matter  losses  while  poor  irrigation  practices  lead  to 
salinization,  thus  all  increasing  the  rate  of  soil  erosion  and  increasing  incidence  of 
desertification (Symeonakis et al, 2004). Overgrazing through livestock pasture have negative 
impact  on the soil  structure  through trampling  and compaction  of  the  soil,  thus  reducing 
infiltration  and increasing  the  rate  of  runoff  while  the  effect  of  deforestation  also  reflect 
through increased overland flow as it removes the vegetation which affects the rate of runoff 
(ibid).  All these have been evident in Sudan with challenges for the institution of sustainable 
and environmentally friendly economic activities and production techniques (Osman, 2005). 
The percentage of the total land area that has experience a level of degradation is estimated at 
23 percent for the 1988 – 1989 period with 7.2 percent recorded as lightly degraded, 14.4 
percent as moderately degraded and 1.4 percent as strongly degraded (UNDESA, 2007). 

1.3 Agricultural Production in Sudan

Agriculture is considered as the mainstay of the Sudanese economy and accounts for about 
38.9 percent of the GDP in 2004/2005 period (CBS, 2005). It also provides about 80 percent 
of the country’s export (Abbadi and Ahmed, 2006). The sector employs 62 percent of the 
labour force, with about 80 percent of the population dependent on agriculture for livelihood 
and raw materials for the industries (CBS, 2005; FAO, 1994). With agricultural resources in 
the country characterised by diversity including swamplands, forest, crop lands, grazing lands 
and water bodies for fisheries, the current estimation is that an estimated 41 million feddan of 
land is cultivated representing about 20 percent of the potential arable land in the country 
(Abbadi and Ahmed, 2006).  

Table 1.1: Contribution of the agricultural sub-sector to the agricultural GDP in Sudan

Agricultural Sector 2004 2005
Value Growt

h  Rate 
(%)

Share 
(%)

Value Growt
h  Rate 
(%)

Share 
(%)

Agrarian Component 338.3 26.6 18.8 383.5 13.4 19.7
Irrigated Agriculture 193.0 8.9 10.7 213.1 10.4 10.9
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Mechanised  Rainfed 
Agriculture

15.2 (53.7) 0.8 22.9 51.1 1.2

Traditional Rainfed Agriculture 80.1 (26.1) 4.4 96.5 20.6 4.9
Forestry and Others 50.0 2.5 2.8 51.0 2.0 2.6

Animal Component 368.1 1.0 20.4 368.4 0.1 18.9
Animal Resources 368.1 1.0 20.4 368.4 0.1 18.9
Total Agriculture 706.4 (3.5) 39.2 751.9 6.5 38.9

Source: CBS, 2005

Table 1.1 shows the contribution of the different agricultural sub-sectors to the agricultural 
GDP in Sudan. Irrigated agriculture has increased over the years in the country with its total 
contribution to agricultural GDP increasing from 193 to 213 million during the 2004/2005 
season. The same increment is also witnessed in the mechanised farming sector. However, 
most of the increment has come as a result of expansion of land use and not from increase 
productivity (Abbadi and Ahmed, 2006; Moghraby, 2002) which gives challenges for better 
use of soil and production resources for increase productivity.

The  farming  systems  adopted  for  use  in  the  different  regions  of  the  country  consist  of 
different  types which are highly influenced by the climatic factors dominant in the region. 
Abbadi and Ahmed (2006) identified the three types of farming systems in Sudan to consist of 
the following: 

Irrigated  farming: An  estimated  four  to  five  million  feddan  is  suitable  for  irrigated 
agriculture in the country within the Nile Basin covering different states including Northern, 
Khartoum,  Gezira,  White  Nile  and Blue Nile.  The region contains  the major  government 
irrigation schemes in the country including Gezira and Managil, White Nile pump scheme, 
Blue Nile  pump scheme among others.  The irrigated  farming which contributes  about  90 
percent of the total cotton production in Sudan has been stigmatized to be unproductive due 
its  capital  intensive  nature  and  low  productivity.  Table  1.2  contains  some  of  the  major 
government irrigation scheme in Sudan and the number of hectares of the irrigated equipped 
areas in the schemes which has already been developed for irrigation purposes.

Table 1.2 Government irrigation schemes in Sudan

Name of Scheme Equipped area (hectares)
Gezira and Managil 870,750
White Nile pump schemes 192,375
New Halfa 152,280
Rahad 121,500
Blue Nile pump schemes 112,590
Gash Delta (spate irrigation) 101,250
Northern pump scheme   41,715
Suki   35,235
Tokar Delta (spate irrigation)   30,780
Guneid Sugar   15,795
Assalaya Sugar   14,175
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Sennar Sugar   12,960
Khashm El Girba   18,225
Source: Aquastat, 2005

Rain-fed semi-mechanised farming: this covers an estimated 14 million feddan which has 
continued to decrease in size over the years  due to frequent occurrence of drought in the 
country and increased use irrigation. 

Rain-fed  traditional  farming: this  sub-sector  which  includes  livestock  production,  gum 
Arabic  production,  traditional  crop production such as millet,  sorghum,  sesame seeds and 
groundnut have increased over the years with increasing contribution to the agricultural GDP 
(CBS, 2005).

1.4 Population Growth and Increased Need for Food Supply

The population  in  Sudan has  been on an  increasing  trend with increasing  need  for  basic 
necessity  of  life  namely  food,  shelter  and  water.   The  population  has  increased  from 
14,699,000 in  1970  to  36,233,000 in  2005  (figure 1.1)  and  with projection  that  it  will 
continue to  grow more than double in the next  27 years considering the current growth rate 
of 2.9 percent (Garang, 1999). 

Figure 1.1 Human Population growths in Sudan (1975 to 2005)
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The  country’s  spatial  population distribution  is  largely  determined  by  water  availability, 
resource endowment, cultural and historical factors, with increasing influx of migrants from 
neighbouring  countries  due  to  famine,  war  and  other  civil  disturbances  (Bilsborrow and 
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DeLargy, 1990; D-Jam, 2006). However, more of the country’s population is concentrated 
around  the  country  capital,  Khartoum  with  increased  rural-urban  migration  (ibid).  The 
economically active population in the agriculture has also decrease from 78.9 percent in 1975 
to 57 percent in 2004 which may be due to the increase in agricultural mechanisation and civil 
disturbances including wars and ethnic clashes leading to displacement of peasant farmers.

1.5 Aim of Study

The agricultural sector is  playing an important role in Sudan in providing livelihood for the 
increasing population and in the economic development of the country with about 40 percent 
contribution to the GDP and 80 percent to foreign exchange earning (CBS, 2005). However, 
with the production activities relying on the use of the environmental resources, impact of 
land use and cover changes do have long term consequential effect on the sustainability of the 
environment  and the  sustainable  use  of  the  environmental  resources  used  for  agricultural 
production.  With  increasing  incidence  of  drought  and  desertification,  soil  compaction 
problems, steps must be taken in reducing the negative impact of land use and cover changes 
with increasing awareness on the sustainable use of the environmental resources. The remote 
sensing technology has been frequently used in land use change detection and environmental 
sustainability  monitoring  to  identify  changes  in  land  use  and  ecological  settings  towards 
proffering solutions and precautions to future problems. The research study was undertaken to 
determine the agricultural land use and cover changes that has occurred in Sudan over the 
years and identify the possible factors responsible for these occurrence. The aim is for land 
managers and environmental planners in the country to identify precautionary measures that 
can  be  taken  at  reducing  the  long  term  negative  effect  of  resources  use  for  agricultural 
production and ensuring the sustainability of the environment.

The specific objectives of the study are:

1. To identify  the  agricultural  land  use  changes  and magnitude  that  has  occurred  in 
Sudan from 1986 to 2002

2. To identify the factors that are responsible for the changes 
3. To make possible recommendations for reducing possible negative impact of the land 

use changes for agricultural and environmental sustainability in the country

1.6 Justification for the Study

The increasing impact of land use and cover changes on the sustainability of the environment 
and agricultural production in Sudan has been of concern for sustainable development process 
in  the  country.  With  increasing  population  and rising  demand  for  food coupled  with  the 
fragile nature of the environment in the country, the consequential negative impact of land use 
for  agricultural  production  and  resource  mining  must  be  reduced  for  the  long  term 
sustainability of the environment and livelihood security of the citizens. Different research 
studies have tried to identify the impact of the different agricultural practices including crop 
and livestock production on the environment in the country and resource use sustainability 
(Bilsborrow and DeLargy, 1990; Grawert, 1998; Kibreab, 1996 and Symeonakis et al, 2004). 
There has also been research to study the effect of desert encroachment on the northern and 
central  part of Sudan and its implication on agricultural production and vegetation change 
using remote sensing (Ahlcrona (1988). Others have studied the impact of soil erosion and 

5



land use changes on specific part of the country using remote sensing and GIS and alternative 
measures  to  agricultural  production  for  livelihood  security  (Elmqvist,  2006  and  Osman, 
2005). However, there is need to carry out an analysis  of agricultural  land use and cover 
changes and the magnitude of the change in relation to agricultural crop production  which is 
the  main  source  of  livelihood  for  the  majority  of  the  population  in  Sudan using  remote 
sensing with focus on the irrigated and mechanised farming.  The study tries to identify the 
agricultural land use and biomass cover changes that have occurred in Sudan over the years 
using remote sensing and GIS and its implication for the sustainability of agriculture. It also 
tried to identify some of the factors responsible for these changes towards proffering solutions 
against the increasing negative impact of these changes. 

6



Chapter 2 Location and Methodology

2.1 Study Area Location and Climatic Conditions

Sudan, which is regarded as the largest country in sub-Saharan African in relation to the area 
of land space it occupies, is located in the north-eastern part of Africa. The country has an 
area of 2.5 million kilometres with geographical coordinates of between 4o and 22o North 
latitude and 22o and 38o East longitude (Aquastat, 2005). It shares common borders with nine 
different countries namely Eritrea and Ethiopia in the east, Uganda, Kenya and democratic 
Republic of Congo in the south, Chad, the Central African Republic in the west while Egypt 
borders  the  country  in  the  North  (ibid).  The  country  is  mainly  plain  flat  with  a  few 
mountainous areas of which Jabel Marra located in the western part of the country has the 
highest height (Moghraby, 2002). 

The country has a tropical sub-continental climate characterised by a wide range of variations 
with the desert climate in the north, through a belt of summer rain climate to an equatorial 
climate in the extreme south (Aquastat, 2005; Osman, 2005). The average rainfall is 416 mm 
which ranges from 25 mm in the dry north to over 1600 mm in the tropical rainfall regime 
south, with the country divisible into three rainfall regime zones. These include the northern 
region with rainfall varying from between 25 to 200 mm limited to 2- 3 months of rainfall 
which usually occurs in isolated showers, the central region with rainfall varying between 300 
to 500 mm which is concentrated in the month of July to October and the southern region 
where the rainfall  varies  between 700 to 1600 mm and dominated  by extensive wetlands 
(ibid). 

The temperature in Sudan ranges from 30oC to 40oC in the summer and from 10oC to 25oC in 
the winter period (Aquastat, 2005). The desert region occurs in the north, semi-desert, low 
rainfall savannah and high rainfall savannah woodlands in the south with herbaceous plants 
with  scattered  trees  and  bushes  dominating  the  northern  rangelands  and  the  perennial 
herbaceous plant which increase the dense stands of woody cover occurring in the southern 
region (ibid).  The common crops of production include cotton, oil seeds, gun Arabic among 
others and the country has a fairly rich wildlife with the protected wildlife area covering an 
estimated  36  million  hectares  consisting  of  8  national  parks,  13  game  reserves  and  3 
sanctuaries (Aquastat, 2005; UNESA, 2007). 

According to Moghraby (2002), the ecological zones in the country have been classified into 
the following categories:

Desert: this  covers  almost  30  percent  of  the  northern  part  of  the  country  with  annual 
precipitation less than 50 mm. The soils are sandy while sparse vegetation grows on seasonal 
waddis and on the banks of the Nile River.

Semi-desert: this covers about 20 percent south of the desert belt where rainfall is between 50 
and 300 mm. There are few scattered acacia trees, thorny bushes and zerophytes commonly 
found in the region
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Low rainfall woodland Savannah:  this area covers about 27 percent of the country with 
rainfall less than 900 mm and a nine-month dry period. Heavy clay soils are found on the east 
of  the  Nile  while  the  west  is  sandy and annual  grasses  dominant  across  the  region.  The 
majority of the country’s  36 million feddans of rain-fed agriculture  and 4 million hectare 
irrigated land is found in this region which is also heavily populated. 

High rainfall woodland Savannah: About 13 percent of the country’s total area falls in this 
belt with rainfall more than 900 mm. Broad-leaf trees are found in the region.

Swamps: this covers about 10 percent of the country area and falls in three main areas around 
the  tributaries  of  the  White  Nile.  The  area  also  consists  of  the  Red  Sea  coast-marine 
ecosystem, mangrove swamps, coral reefs and associated fauna. 

Highlands: the total area covered by the highlands is less than 0.3 percent of the total area of 
Sudan and are scattered along the Red Sea coast, the south and the west of the country.

The North and Central Eastern part of Sudan was chosen as the area of study. The dominant 
agricultural production areas in the region include Al Qadarif (Gedaref), Al Jazirah (Gezira) 
and Sinnar (Sennar) regions with their respective agricultural and irrigation schemes. With 
increasing investment in irrigated and mechanised agriculture, and evidence of environmental 
degradation  in  many  parts  of  the  country  which  are  clear  patterns  of  desertification, 
deforestation and erosion due to increasing human and animal population in the region, there 
is need to take precaution in the development processes and making changes to traditional and 
modern  agricultural  practices  to  more  sustainable  practices.  The  soil  in  the  region  which 
consist principally of sandy and clay have been identified to be venerable to unsustainable 
pattern of production thus making it  difficult  for their  regeneration after  a short-term use 
(Bilsborrow and DeLargy, 1990). The increased mechanised and large scale farming in the 
country  has  also  come  with  other  environmental  impacts  such  as  salinization  and  water 
related diseases (Moghraby, 2002).

With drought and famine prominent in some of the regions in the country,  there has been 
increase in migration of people into the region where food production surpluses are available 
which has  increase  the  incidence  of firewood depletion  (Bilsborrow and DeLargy,  1990). 
There has also been a general  decline in agriculture,  trees and vegetation thus leaving the 
venerable soil bare with increased incidence of soil and wind erosion (ibid). 
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Figure 2.1 Map of Sudan showing the location of the study area

Source: GIS Sudan Africover data 

Study Area
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Figure 2.2 Map of Sudan showing the river networks and agricultural crop production 
                      location 

Source: GIS Sudan Africover data 
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Figure 2.3a Map of Sudan showing the agricultural crop production area and the 
                      research study location 

Source: GIS Sudan Africover data 

Study area
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Figure 2.3b Map of Sudan showing the agricultural crop production area and the 
                      research study location 

Source: GIS Sudan Africover data 

2.2 Methodology

The methodological approach adopted for the study research work was an interdisciplinary 
approach technique.  The use of interdisciplinary approach has been commonly applied to 
studies addressing environmental  and land change issues and involves a range of different 
ways with integration of information, data, techniques, tools, perspectives and concepts from 
two or more specialised bodies to advance fundamental  understanding whose solution are 
beyond  the  scope  of  a  single  field  of  research  practice  (Elmqvist,  2006).  The  approach 
involves  the  combination  of  the  qualitative  research  technique  from  a  social  science 
perspective with a remote sensing and GIS technique from a geographical perspective. 
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Figure 2.4 Interdisciplinary methodological approach used for the research work

The interdisciplinary approach which requires collaboration between the different fields of 
research  (Balsiger,  2004)  was  used  to  gain  an  understanding  of  the  agricultural  land  use 
changes  from a  remote  sensing  and GIS perspective  while  the  factors  affecting  land  use 
changes and the consequential impact knowledge was analysed and understood more from a 
social science perspective. 

2.3 Data and Material used for the Research Wok

Different types of data materials were used for the research work and these can be categorised 
into two main type namely qualitative data and remote sensing data materials.

2.3.1 Qualitative Material: Secondary data was used for the qualitative analysis in the study. 
These data type consist of the empirical materials used for the research work. The data and 
information source include:

1. Statistical records from Sudan Central Bank, publications from Food and Agricultural 
Organisation (FAO), United Nations and other international organisations.

2. Books, articles and journals
3. Virtual output source such as the internet

The qualitative technique was used to analyse and understand the concepts adopted in the 
study through interpretation and review of data and information from articles, books, journals 
and  other  literature  materials.  Statistical  records  which  provided  information  on  different 
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issues such as population and urban growth in Sudan, crop production among others were also 
used to support the qualitative analysis. All the information were collated and analysed in 
support of the issue being investigated. 

2.3.2 Remote Sensing: The use of GIS and remote sensing has gained much recognition as 
environmental  resources  management  tools  for  data  collation  and  analysis.  The  remote 
sensing technique involves the classification of images by identifying spectral similarities and 
differences  in  multidimensional  spectral  space  and  linking  them to  land-cover  categories 
(Rindfuss et al, 2004). The remote sensing technique and GIS application was used to identify 
agricultural  land  use  changes  on  the  North  Eastern  part  of  Sudan.  This  was  applied  for 
classification of the Landsat TM and ETM images for the region of Al Qadarif (Gedaref), Al 
Jazirah (Gezira) and Sinnar (Sennar) regions in NE Sudan.

The methodology adopted for the research work took into consideration the various image 
processing  techniques  including  geometric  correction,  image  enhancement,  among  others. 
The supervised classification technique was used to classify the Landsat TM and ETM images 
that were used for the research study work using the parallelepiped classification technique. 
An NDVI image of the study area was also produced which was reclassified into 3 major land 
use classes. To have a better assessment of the scenario in relation to agricultural production 
in the country,  the Landsat images were selected for the agricultural  production region in 
Sudan where most of the mechanised farming was located and used for the analysis. 

The remote sensing data-set used for the research study work was acquired from the Global 
Land Cover Facility website and include:

1. Landsat TM image for 1987 and ETM image for 2000
2. GIS Africover Sudan data set acquired in 1994-1997

2.3.3  Software  used:  The  IDRISI  Andes  software  was  used  for  the  research  work.  The 
IDRISI Andes was used to process the images from the data importing stage to data analysis 
stage.  The ArcGIS 9.2 was used to examining the Africover GIS data used in the research 
work to identify the major area where agricultural production takes place in the country and 
location of study. It was also used to extract some other characteristics of the location and 
Sudan as a country.

2.4 Remote Sensing Image Processing

The image processing of remotely sensed data is essential to establish a more direct linkage 
between the data and biophysical phenomena and features and this requires several processing 
steps for better identification of the image features (Akter, 2006). The steps comprises of the 
range of  image enhancement  techniques  ranging  from simple  stretching to  transformation 
images as a precursor to digital image analysis to improve the interpretability of the image by 
increasing the distinction between features and other information extraction procedures (ibid). 
Different image processing procedures were carried out on the Landsat TM and ETM image 
used for the research work and theses include the following.
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Figure 2.5 Flow chart of remote sensing methodology framework for the study
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2.4.1 Pre-processing: The images were resampled after importation into the Idrisi format and 
windowed to make the two Landsat TM and ETM images have the same number of cells for 
both rows and column. This was necessary in order to carry out the caparison procedure for 
the images after classification. Two different step were however adopted in which a set of the 
images were windowed before the classification procedure while the other set of images were 
used as a whole without windowing for the classification procedure. This was to be able to 
have a good opportunity of studying the whole study area without excluding any part of the 
region/location being investigated. No radiometric correction was carried out for any of the 
images as the change detection did not carry out any absolute brightness (Elmqvist, 2006) and 
pre-processing activities such as geometric restoration has been carried out on the images 
already before acquisition from the owners to correct any major defect in the images which 
can serve as source of error during image analysis.

2.4.2 Image classification procedure: The image classification process used for the research 
work involved the use of NDVI module and the Parallelepiped classification module. The two 
methods were used to have the opportunity of having a good output result from the analysis 
and  reduce  the  incidence  of  any bias  that  might  have  occurred  from the  use  of  a  single 
method. 

2.4.2(a)  NDVI  Classification  Analysis:  The  NDVI  was  used  for  evaluating  the  green 
vegetation which is a good technique for biomass quantitative assessment and monitoring for 
change detection in agricultural vegetation pattern (Todd et al, 1998).   The NDVI is a slope 
based  vegetation  index  assessment  technique  that  separates  the  green  vegetation  from its 
background soil brightness and it is expressed as the difference between the near infrared and 
red bands normalised by the sum of those bands. 

The NDVI Vegetation index map was produced using the red band and infra red band and the 
resultant map stretched to a DN value of 1 to 255. The new map was then reclassified into 2 
agricultural land use groups and a non-agricultural land use group namely:

1. Agricultural Land with crops
2. Agricultural land without crops.
3. other category of land use

2.4.2(b) Parallelepiped Classification Analysis: The parallelepiped classification technique 
was used for the supervised classification procedure with the development of the training sites 
to identify the agricultural land use group and the signature development. The classification 
procedure was also used to classify the images into 2 main land use classes namely:

1. Agricultural land use 
2. Non-agricultural land use

The  parallelepiped  classification  technique,  which  was  used  for  the  analysis  was  chosen 
basically because it gave the best set of result after the classification analysis with a clear 
distinction between the agricultural land and other categories of land use class.

2.4.2(c) Combined parallelepiped and maxlike classification analysis: The parallelepiped 
and maxlike classification technique which are both types of supervised classification were 
again used to classify the image into land use cover classes with the development of new 
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training sites and signature development. This was made possible with the availability of the 
Sudan GIS base map data which have the specific land use classes in the location of study, 
thus it was easy to carry out a supervised classification of the remote sensing image with the 
defining of the signature into different classes. The following land use and cover classes were 
identified:

1. Agricultural Land use
2. Range land
3. Urban land use
4. Water Bodies
5. Bare Land

The agricultural land use class in this new classification procedure comprises both food and 
tree crops unlike the first classification that comprises only the food crops. 

2.4.3 Change detection and analysis: Visual and statistical change detection was carried out 
on the classified image. Visual comparison was made between the TM image for 1987 and 
ETM image  for  2000 to  detect  any changes  in  the  land  use  in  the area  of  study.  Visual 
comparison were also made between the processed images and the GIS dataset map for Sudan 
which has a detailed classification of the different land use and land cover classes in the area 
of  study.  The Cross-Tabulation  module  in  Idrisi  was  used to  compare  the two images  to 
identify area of change. The area calculation was also done to determine the magnitude of 
change in the area of study between 1987 and 2000 in the different classes of land use.

 2.4.4 Change prediction: The markov model was used for the change prediction process for 
predicting  the  long  term  effect  of  the  different  processes  of  environmental  change  and 
degradation in the country. The prediction was made for a period of 10 years from 2000 to 
2010. This was done to generate information on the possible changes that will occur in the 
area of study with changes from one land use cover type to another.

2.5 Limitations to the Study

2.5.1 Non-availability of required remote sensing data: the initial aim of the research work 
was to use a set of Modis image that covers the whole of Sudan for the classification analysis 
procedure. However, during the pre-processing stage of the Modis image, it was discovered 
that the images did not have a reference system and there was no availability of any other 
image to which the acquired imaged can be geo-referenced with. Thus the only alternative 
was to use the Landsat TM and ETM images which were only for a specific  part  of the 
country. There was also the problem of non-availability of a recent ETM image as the latest 
available image was for year 2000. Thus the research period has to be limited to 2000 which 
made it difficult to actually evaluate the land use changes and the current scenario in Sudan. 
Nevertheless, it was possible to establish that there has been a change in the land use classes 
in  the  country  which  supports  the  available  data  and  evidence  already  extracted  from 
literature materials. 

2.5.2  Non-availability  of  adequate  literature  and  statistical  materials  on  the  area  of 
location: Problems were encountered  in getting all  the required qualitative  data  materials 
required for the qualitative analysis of the subject matter of interest. With the research work 
involving an interdisciplinary methodological approach technique, it is required that adequate 
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literature and statistical data and information should be available on the issues of interest in 
carrying out a good analysis of the subject matters of interest.  However, during the research 
work, scanty materials were found on the subject matter of interest which makes it difficult to 
have adequate information on all area of interest in relation to the issues being investigated. 
Nevertheless, the available material  acquired was enough to provide the basic information 
required for the analysis.
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Chapter 3     Land Use Changes and Environmental 
Sustainability Challenges in Sudan

3.1 Land Use in Sudan

3.1.1 Urban and rural land use: An estimated 40.8 percent of the country population lives in 
the urban areas which has witness an increasing  tend in its growth rate over the years while 
59.2 percent of the population lives in the rural areas (UNDESA, 2007). 

Figure 3.1 Urban and rural population growth rate in Sudan (1975 to 2005)
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The growth in the urban population may be related to the large movement of displaced groups 
who have  moved  into  the  peripheral  areas  of  the  major  cities  in  the  country,  which  are 
characterised  by crowding with limited  access to  water  and basic  amenities  (Musa,  et  al, 
1999).  The incidence of drought and famine has also encouraged the migration of people to 
the urban centre in search of paid employments and opportunities for better standard of living. 
The land use activities  in the rural  areas in the northern part  of the country include crop 
cultivation  and  nomadic  pastoralist  in  the  vast  desert  areas  who  follow  the  traditional 
migration patterns determined by rainfall and available grazing (Musa, et al, 1999; Suliman, 
1996).  However,  the  rural  areas  in  the  southern  region  of  the  country  which  has  better 
agricultural land and good climate for agricultural production are mostly not inhabited due to 
civil unrest displacement and armed ethnic clashes (ibid).

3.1.2 Pastoral land use: The rangelands which cover a total of about 117 million hectares are 
spread over  most  ecological  zones  with  the livestock  population  including  camels,  cattle, 
goats and sheep (Aquastat, 2005). The camels, goats and sheep are raised in the desert and 
semi-desert region while the cattle are commonly found in the medium rainfall savannah and 
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the flood plain of the Upper Nile with almost all the livestock in the country raised under the 
nomadic and semi-nomadic systems (ibid). 

3.1.3 Agricultural land use: The soil types in Sudan are broadly divided into six categories 
depending on the mode of formation and location. These include desert, semi desert, sand, 
alkaline  catena,  alluvial  and  iron  plateau,  with  the  different  categories  also  having  local 
variations with respect to their drainage conditions (FAO, 2005).  The alluvial clay deposit 
are common to the central and eastern part of the country, the stabilised sand dunes in the 
western and northern part  and the red ironstone soils found in the south (ibid). 

Agricultural activities are mainly concentrated in the central part of the country and in the 
semi-arid dry zone savannah region through which the Blue Nile and the Atbara River flow 
(Abbadi and Ahmed, 2006; Aquastat, 2005). The short duration of the rainy season and the 
erratic distribution of rainfall during the growing period, are limiting factors for agricultural 
production  in  the  country  (ibid).   Agricultural  production  by  the  rural  households  is 
predominantly rain-fed agriculture with use of low level of mechanisation (Elmqvist, 2006). 
The agricultural sector in the country on general terms has witnessed an increase in its growth 
rate which was attributed to the growth rate in rain-fed agriculture with its mechanised and 
traditional sub-sectors and also increases in irrigated agriculture in the country (CBS, 2005). 
However, despite the country being one of the biggest countries in terms of availability of 
cultivable agricultural land and natural factors when the factors are utilised properly,  there 
was  a  drop  in  the  total  area  cultivated  in  the  2005  period  which  was  attributed  to  the 
deterioration in the production of the mechanised and traditional rain-fed agriculture (ibid).

Figure 3.2 Agricultural Crop Productions in Sudan (1975 to 2005)
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Figure 3.2 present the agricultural food crop production in Sudan from 1975 to 2005. The 
graph indicated a small incremental growth in food crop production from 1970 to 1985 with a 
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drop in the quantity of food crop production in the 1985-90 periods. This was followed with a 
sharp increase in the 1990-95 periods with another drop in the production quantity in the 
1995-00 period which however recovered again in the 2000-05 period. 

Figure 3.3 Comparison between crop productions, food import and food aid in Sudan 
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Figure 3.3 shows the comparison between food crop production in Sudan, food import and 
food aid into the country from 1970 to 2005. The figure revealed that despite a growth in the 
quantity of food crops produced in the country, there has also been an increase in food import 
and food aid into the country which has a noticeable peak in the 1985 period. The high peaks 
of food import and aid may be attributed to the periods of drought and famine incidences in 
the country and armed conflicts with the displacement of peasant farmers and coupled with 
the increasing population growth in the country.

Table 3.1 Agricultural  Cultivated  Areas  in  2003/04  and  2004/05  season  in  Sudan 
(million feddan)

Season The 
mechanised 
rainfed

The  traditional 
rainfed

The irrigated Total  cultivated 
areas (million)

2003/04 13.7 24.8 2.1 40.6
2004/05 11.1 19.2 2.1 32.4

Source: CBS, 2005

Table 3.1 shows that there was a drop in the total  crop cultivated area from 40.6 million 
feddans  in  the  planting  season  2003/04  to  32.4  million  feddans  in  the  planting  season 
2004/05. The mechanized rain-fed and the traditional rain-fed also drop in the same period 
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while the irrigated area remain constant. The drop may be as a consequence of the drop in the 
amount of rainfall in the period thus having a major consequence on agricultural production 
activities dependent on it for production purposes. 

3.1.4  Deforestation:  Sudan forestry resources covers an approximately 28 percent of the 
total area of the country with the main forest types including arid and semi arid shrubs, low 
rainfall savannah, high rainfall savannah, special mountainous vegetation in Jebel marra, the 
Red Sea Hill and the Imatong mountain (Aquastat, 2005). Available data shows that the forest 
area in the country which is mainly located in the southern part of the country has been on a 
diminishing trend from a figure of 32.1 percent in 1990 to 28.4 percent in 2005 (UNDESA, 
2007). 

3.2 Agricultural and Environmental Challenges in Sudan

The collapse of the attempt at industrialisation and modernisation of the economy in Sudan 
has led to the indiscriminate exploitation of the natural resources in the country endangering 
the peasant and pastoralists societies with much more environmental consequences (Suliman, 
1996).  With the national elites in the country lacking major prerequisites for industrialisation 
namely capital,  technical and scientific know-how and the markets for the produced good, 
their  emphasis  shifted  from  manufacturing  to  use  and   extraction  of  natural  resources 
available in the country (ibid).    In the periods after Sudan independence in 1956, agricultural 
production  in  the  country  shifted  from the  irrigation  schemes  to  large  scale  mechanised 
farming of sorghum and sesame in the rain land areas which spread from the eastern Sudan 
southwards and westwards into Blue Nile  province,  Kodofan and Darfur  (Suliman,  1996, 
Moghraby, 2002).

The mechanization and intensification of   agriculture with massive agricultural schemes like 
the Gezira  project  with an estimated  2.5 million  feddans  involving dam construction  and 
irrigation  work  however  brought  environment  challenges  to  the  sustainability  of  the 
agricultural industry in the country (Moghraby, 2002). The canalization for the Gezira scheme 
which is about 10 thousand kilometre and other projects were launched in the country without 
consideration  for  environmental  impact,  deforestation,  population  movements,  salinization 
and water related diseases after the implementation of the projects (ibid). 

The  modernisation  of  the  agricultural  sector  initiative  also  had  a  negative  impact  on 
traditional  peasant  farming  with  gross  social  and  environmental  changes  as  the  low-
technology agro-pastoralism began to collapse across the central clay plains in the northern 
region (Suliman, 1996). This increased the rate of migration of the emerging impoverished 
people  for  paid  employments  in  the  urban  centres  and  replacement  of  relatively  benign 
methods for natural resource exploitation with aggressive methods that assumes the resources 
to be limitless (ibid).  

The problem of soil degradation due to receding isohytes towards the south of the country 
became prominent and the vegetation cover of the north disappearing almost completely due 
to repeated use of fire deforestation, drought and dearth of reforestation efforts (Moghraby, 
2002).   The problem of soil compacting and deforestation became significant problems in the 
country aided by the sand dune movements which thus accelerated the desertification problem 
(Moghraby, 2002; Suliman, 1996).The effect of global warming, drought and desertification 
also accelerated the qualitative and quantitative deterioration in the country’s water resources 
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with  the  annual  discharge  of  the  Nile  system  decreasing  during  the  past  two  decades 
(Moghraby, 2002). There was increase in the rate of siltation problem in the dams across the 
Nile  in  Sudan due to  transported  high loads  of  silt  from the  Ethiopian  plateau  and from 
degraded watersheds with evidence of water contamination from sugar estates, agricultural 
chemicals and power plants among others (ibid). 

The annual rate of deforestation in the country is estimated at 504,000 hectares out of which 
only  about  30,000  hectares  are  reforested  (Moghraby,  2002;  UNDESA,  2007).  Several 
grasses and herbs have also disappeared due to overgrazing, repeated droughts and fires with 
the fire problem accounting for an annual loss of 30 percent of the dry fodder available to the 
wild  life  and  over  103  million  livestock  present  in  the  country  (ibid).   While  the 
overwhelming limitation of land use in Sudan is the periodic  droughts experienced in the 
Sahelian belt region of the country, population distribution is also inversely proportional to 
vegetation cover with about 78 percent of the population inhabiting the dry northern areas 
which has only 33 percent of vegetation cover that has already decreased to 18 percent and 
only 22 percent  living  in  the southern  region  with  about  67 percent  of  the  forested  area 
(Moghraby,  2002). This is due to the location of most of the economic enterprises in the 
northern part with the adoption of modernisation in the agricultural sector where horizontal 
expansion  in  large-scale  rain-fed  mechanised  agriculture  has  replaced  the  traditional 
subsistence  one  and  productivity  very  low  despite  use  of  agricultural  chemicals  and 
hydrocarbon fuels and also taken away the resources including forests, ranges, pastures and 
wildlife (ibid).

A  list  of  environmental  problems  in  Sudan  according  to  Moghraby  (2002)  and  Suliman 
(1996) was summarised to include the following: 

1.  Horizontal expansion of rain-fed irrigated agriculture and large scale deforestation
2. Diminishing and erratic rainfall 
3.  Population distribution and rural-urban migration due to desertification and civil strife/war 
     has increased the rate of natural resource deterioration
4.  Poor implementation and enforcement of environmental laws and legislation
5.  Poor management of water resources 
6. Aggravating desertification and micro and macro climatic change due to energy crisis.
7. Uncontrolled increase of livestock numbers within 20 years.

With human and animal life depending on equitable balance of the soil, water and flora for 
support,  the  disruption  of  any  of  these  elements  will  adversely  affect  the  ecological  and 
environmental balance in area. Thus factors such as climatic change, population growth or 
displacement,  land  exhaustion  through  misuse  and  overuse,  warfare  and  indiscriminate 
resource  exploitation  do  have  negative  consequential  effects  and  damages  to  the  people, 
animals and the environments with all these factors already experienced within the life-span 
of one generation in Sudan (Suliman, 1996).

3.3 Agricultural Land Use and Sustainable Development

With sustainable development  one of the major challenges facing humanity in the current 
dispensation, a balance between population growth, economic development and sustainable 
development has to be initiated with increasing need for national  capacities to respond to 
future challenges. While Sudan has taken steps in strengthening the capacity building of the 
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various institutions involved in economic growth and development, provision of shelter and 
basic  social  amenities  for  the  increasing  population  and  increased  food  production 
(Garang,1999), all these steps must be taken in a sustainable way and  with consideration for 
environmental  sustainability. 

The challenge for sustainable use of resources is hinged on the role agricultural and other 
natural  resources  plays  in  the  economic  development  of  Sudan  which  is  vital  for  the 
sustainable development process in the country with the need for resource use managers to 
monitor the use of the resources without much damage to the environment and long term 
sustainability  of  the  resource  use.  Abbadi  and  Ahmed,  (2006)  also  emphasised  on  the 
increased  efficient  management  of  natural  resources  which  requires  the  enforcement  of 
environmental laws and regulation that guarantee the future sustainability of the resources. 

The arid   and semi arid zones of Northern  Sudan has been overpopulated with increased 
migration to the regions due to the rate of economic development in the region with human 
concentration around the sources of drinking water and good  but fragile soil for agricultural 
production  (Suliman,  1996).  While  the  people  have  developed  coping  mechanism  to 
counteract the occasional drought been experienced in the region, rainfall  has consistently 
been less than the previous  long term average  since 1967 with the Sahel  drought  widely 
believed to be man-made due to vegetation destruction through overgrazing, deforestation and 
other activities (ibid). This has increase the incidence of over-exploitation of resource use 
with increasing pressure on the available water resources present in the region and destruction 
of the natural  ecosystem due to removal  of vegetation and exposure to  the harsh climate 
prominent in the region.

The husbandry of domestic animals and crop production in this region has also made the area 
susceptible to environmental degradation through overgrazing, vagaries of climate and wars 
(McNeely,  2003).  Also  with  population  increase  in  the  region  and  adoption  of  modern 
technology in form of mechanised farming, efforts at infrastructural development such as road 
building and borehole drilling have made natural and biological resources to be abused and 
overexploited with people making money out of depleting wildlife and habitat without paying 
the environmental cost which are externalised to the society to be repaid by current and future 
generation (ibid). 

The  interaction  of  food  production  systems  with  land  resources,  forest  ecosystems  and 
biodiversity with the consequential climate change impact does have positive and negative 
effect  on  the  system  with  challenges  for  enhancing  sustainable  production  and  ensuring 
sustainable development (Shah and Strong, 2000). While agricultural practices of inefficient 
fertilizer and pesticide use, ineffective land and water conservation techniques and measures 
and conservation of forest areas do result in irreversible damage to ecosystems and loss of 
production  potentials,  there  is  increasing  need  for  enhancement  of  soil  fertility,  genetic 
diversity and agricultural water resource management and adaptation to impacts of climatic 
changes for increased productivity (ibid).

 The increasing land use and cover changes, biotic fluxes and biodiversity loss and coupled 
with the need for increased food production due to population increase which has placed more 
demand  for  natural  resource  use  are  inflicting  serious  damage  on  the  environment,  thus 
limiting  its  sustainability  ability  for  future  generation  use  (Shah  and  Strong,  2000).  The 
increasing evidence in Sudan of arable land been lost to flooding and erosion, overgrazing, 
salinity, desertification and urban spread with disappearing forest and threat to biodiversity 
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and incidence of water scarcity has also placed new demands for environmental managers in 
developing new techniques for resource management and placing more attention to issues of 
environmental and resource-use sustainability.

3.4    Impact of Sudan Civil War on Land Covers Changes and Ecological Degradation

The  increasing  knowledge  and  awareness  on  the  role  of  insecurity  and  civil  unrest  on 
sustainability  issues  has  continued  to  generate  interest  in  ecological  degradation,  as 
environmental  changes  makes  conditions  in  certain  areas  temporarily  or  permanently  life 
threatening and hazardous for human habitation due to large population displacement  and 
increased population pressure on available resources (Kibreab, 1996). The civil war between 
the northern and southern region in the country has placed challenges on resource use in the 
dry northern part of the country despite a good potential for agricultural production in south 
with increased pressure on the resources and environment in the northern region (Abbadi and 
Ahmed, 2006). With the perception that conflicts are processes that are not static, events have 
changed the nature of the conflict in the country from been a classic ethno-religious, to a 
conflict  over  resource with the economic  and resources  crisis  in  the northern part  of  the 
country emerging as the driving force (Suliman, 1996). 

Suliman (1996) in identifying some of the causes of the civil unrest between the two regions 
in  Sudan  remarked  that  while  the  British  during  the  colonial  rule  had  concentrated  on 
economic,  political  and  infrastructural  development  in  the  North,  there  was no economic 
development activity in the South which was been governed under the native administration 
system known as the Southern Policy and unavailability of secondary education,  with the 
isolation of the South from the North.  However with the union of the South with the North 
prior to independence, in which the Northern elites tired taking over ruler-ship of the whole 
country, there were ethnic frictions which lead to the murder of many Sudanese (ibid).

Coercive acts against the traditional pastoralists and cultivators were swift and brutal as the 
victims of famine and droughts who tried to move into the wetter zones in search of survival 
alternatives were also often intercepted by the army (Kibreab, 1996; Suliman, 1996). This 
made them to move into the towns and relief centres where they are even treated as third class 
citizens and with other different political imbalances, there was continued resistance and the 
impatient of the ruling elite with the obstacles created by the democratic atmosphere, checks 
and  balances  in  the  state  apparatus  and  Judiciary  wanted  the  system  dismantled  and 
irreversible destroyed thus staging a putsch against the civilian regime and intensifying the 
war (ibid). 

Involuntary mass migration has also been prominent in Sudan in recent years which have 
often come as a result  of  different  interacting causes including civil  war and persecution, 
economic hardship, environmental degradation, famine, expulsion and forcible resettlement of 
refuges, nomads and peasants (Kibreab, 1996).  There has been an influx of migrants from 
neighbouring  countries  into  Sudan  and  internal  displacement  of  Sudanese  citizens  with 
increasing population density in some specific regions of the county (ibid). 

However, while the farmers and pastoralists in the arid and semi arid regions of the country 
are aware of the constraints inherent in their environments and have developed farming and 
grazing systems to minimize the associated variable soil fertility and unpredictable rainfall 
problems through mobility from one region to another, the escalating levels of conflicts and 
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insecurity have rendered these traditional resource management systems inoperative (Kibreab, 
1996).  Hence the confinement of the farmers and pastoralist to a single location places more 
pressure  on  resource  use  in  those  locations  resulting  in  overuse  and  indiscriminate 
exploitation of the resources with consequences for their long term sustainability.

3.5 Agricultural and Environmental Resources Management in Sudan

Efforts on resource management started in Sudan since the period of Independence in the mid 
1950s from British rule. While the colonial rulers did not see the need to make any effort at 
changing  the  economies  of  the  nomadic  and  settled  tribes  living  in  Sudan,  the  new 
government  after  independence  saw  the  need  to  develop  the  agricultural  and  economic 
potentials available through the development of the grasslands. The services of experts were 
sought from the FAO which saw the recommendation for soil conservation and reduction in 
overgrazing  through  forest  planting,  hillside  terracing  and  stabilization  of  active  dunes 
(Wallach,  1989).  However,  the  recommendations  were  not  followed  but  the  unplanned 
development of the water resources available in the country was pursued with the excavation 
of soil and construction of pond across the different regions of the country that eventually 
resulted in a rapid increase in livestock number (ibid). The anti-thirst campaign launched by 
the Sudanese government between 1966 and 1968 also saw the development of more ponds 
and wells with consequential unplanned land use (Moghraby, 2002; Wallach, 1989).

With new recommendations from the FAO, efforts were made at developing model villages 
on uninhabited sand lands and planting crops including millets and peanuts for about four 
years after which the land is retired for a period of 15 years with the planting of acacia trees 
for gum Arabic tapping (Wallach, 1989). Other similar projects were launched with assistance 
for  international  donor  agencies  with  the  aim  of  reclaiming  clay  areas  for  ranching, 
mechanised farming and village settlement.  However, the donor agencies saw the need to 
invest in agricultural research towards solving the land use problems in the country which 
lead to the establishment of research institutions but due to increased incidence of droughts, 
political  problems  and other  bureaucratic  difficulties,  land-use  planning  research  was  not 
effectively pursued (Wallach, 1989).

3.6 Livelihood Security and Diversification in Sudan

The  livelihood  approach  adopted  for  incorporating  different  production  activities  with 
capabilities  for  households  to  cope  with  crisis  such  as  droughts,  flood,  plant  or  animal 
diseases must be implemented on the premise of natural resource management. With food 
security and poverty alleviation been the greatest challenges facing many of the developing 
nations and most of the people with insufficient food supposedly to be living in the rural areas 
(United Nations, 2005), the development of the rural areas must thus be a critical component 
of  the process  of  securing a  livelihood for  the  rural  poor  and increasing  their  per  capita 
income.   While a livelihood comprises of the basic assets which are represented by five 
forms of capital including natural capital (land water, trees), physical  capital (roads, tools, 
buildings),  human  capital  (education,  health,  labour  etc),  financial  capital  (accessible 
household  stock  of  money)  and  social  capital  (social  networks,  associations  etc),  the 
livelihood  strategies  which  compose  of  natural  resource  and  non-natural  resources  based 
activities  do  have  effects  on  the  environmental  sustainability  and  livelihood  security 
(Elmqvist, 2006). 
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The majority of the population in Sudan reside in the rural areas with agricultural production 
been the dominant occupation in the country (Musa et al, 1999). With the country having a 
large arable and grazing land for both crop cultivation and livestock rearing, majority of the 
rural  dwellers  are  involved  in  this  two  major  economic  activities  which  however  has 
consequential  effect  on  use  of  the  available  natural  resources  and  sustainability  of  these 
resources use. The sahelian drought in the region and the associated impact has also lead to a 
decline of agricultural  productivity in many other parts  of the country contributing to the 
individual and household inability to meet their food demand and increasing food insecurity 
for the country’s increasing population (D-JAM, 2006). 

Livelihood  diversification  which  is  a  process  by  which  rural  households  construct  an 
increasingly diverse portfolio of different range of economic activities in order to survive and 
improve their standard of living (Ellis, 2000), which include a change from agricultural to non 
agricultural activities has been viewed as a strategy for environmental sustainability in Sudan 
(Elmqvist, 2006). This is for the purpose of spreading the risks including natural disasters, 
personal  ill  health,  declining  yields  and  land  fragmentation  with  diversification  from 
agricultural activities to non agricultural activities such as processing, transport or trading of 
unprocessed agricultural, forest or fish products among others (ibid). 

3.7 Remote Sensing and GIS Assessment of Land Use and Cover Changes

Using remote sensing and GIS for land use and land cover assessment in the African dry lands 
such as Sudan is a powerful and valuable effective tool in detecting land use and land cover 
changes (Elmqvist, 2005; Weng, 2001). With remote sensing providing cost-effective multi-
spectral and multi-temporal data which can be turned into information for understanding and 
monitoring land development patterns and processes, this can be used for building land use 
and land cover datasets (Weng, 2001). GIS on the other hand provides necessary platform for 
storing,  analysing  and  displaying  spatially  referenced  digital  data  required  for  change 
detection and database development (Bernhardsen, 2002; Weng, 2001).

In recent  times,  the use of satellite  remote sensing and GIS in examining the spatial  and 
temporal patterns of land use and land cover changes in Sudan and other developing countries 
has increased (Elmqvist, 2005; Osman, 2005 and Weng, 2001) while the relationship between 
the land uses and driving forces have been examined using correlation, regression and other 
statistical analytical methods ((Elmqvist, 2006; Weng, 2001). The use of the GIS technology 
has also gained ground in resource and environmental management and monitoring with the 
availability and collection of large amount of data and monitoring of these data crucial for an 
effective  and  efficient  environmental  and  resource  management  practice  and  sustainable 
development process (Owoola, et al, 2002).

There are three major aspects that are focused on when monitoring natural environment and 
land cover changes. This include the extent of the change, (the magnitude of the change), the 
nature of the change, and the spatial pattern of the change (measuring the spatial distribution 
and relationship of the change) (Sepehry and Liu, 2006). 

Past researches have increased the understanding of land use and cover changes in relation to 
their measurements with possibilities of generating local to global scale projections of land 
change through  agricultural use, natural vegetation destruction through  overgrazing which 
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leads  to  desertification  with  the  conversion  assumed  to  be  irreversible  and  spatially 
homogenous  (Symeonakis  et  al, 2004).  However,  recent  research  findings  have  largely 
dispelled  these  assumptions  with  the  increased  understanding  of  land-use  change  causes 
moving from simplistic representation of two or three driving forces to much more profound 
scenario involving situation specific interactions among a large number of factors at varying 
spatial and temporal scale (ibid).
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Chapter 4 Result Presentation

4.1 Classification results of the Vegetation Index Analysis

The Landsat TM image for 1987 and ETM image for 2000 were classified using the NDVI 
classification  module  to  indicate  the  differences  in  the  agricultural  vegetation  index  for 
biomass assessment in the study area. The produced images were re-classed into three classes 
namely:
Class 0 = other group of land use classes
Class 1 = Agricultural land without crops
Class 2 = Agricultural land with crops

 A comparison between the two images was made both visually and digitally to identify the 
differences in the images and the transformation that has occurred from one class to the other 
over the years with reference to the changes in the agricultural vegetation cover.

4.1.1 Visually Observed Difference in the Land Use Classes of the VegIndex (NDVI) of 
the Landsat TM and ETM Images

The visual comparison between the Lansat TM image  for 1987  and ETM image for 2000 
shows that there has been a significant change in land use class 2 (land with agricultural 
crops), land use class 1 (land without agricultural crop) and land use class 0 (other categories 
of land use) with transformation occurring from one class to another. 
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Figure 4.1 NDVI image classification analysis result for the TM and ETM Images
              

 LandSat 1987 TM Image                                     

Landsat 2000 ETM Image

Source: Lab Analysis (2008)
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Figure 4.1 shows the classified image result with notable visual difference between the set of 
images.  There was visually observed remarkable changes in the Landsat ETM image with 
changes in land use class 1 and Class 2 to class 0 (point A1 and A2).This give indication of 
the conversion and loss of agricultural land use type to other categories of land use types.

There was also changes of land use types from class 0 to class 2 (point B1 and B2). This may 
have occurred as a result of the increased use of irrigation and mechanisation with increase 
demand for agricultural land use in many regions of the country and development of new 
irrigation scheme for agricultural crop production.

Figure 4.2 NDVI image classification analysis result for the TM and ETM Images

A. Agricultural land area with crops, with vegetation cover before change occurred          
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B. Agricultural land areas with crops, with vegetation cover after change has occurred

 

C. Agricultural land area without crops but with vegetation cover before change occurred
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D. Agricultural land area without crops but with vegetation cover after change has occurred  

 Source: Lab Analysis (2008)

Figure 4.2  (a-d) present the results  for the individual  classes before and after  change has 
occurred.

4.1.2 Digitally Observed Difference in the VegIndex (NDVI) Analysis of the Landsat TM 
and ETM Images from Area Calculation

The area calculation for the Landsat TM and ETM images was carried out to determine the 
magnitude of change between the difference land use classes in the area of study. The result 
of the area calculation analysis is presented below:

Table 4.1 Area calculation for the number of cells in the images (percentage)
Landsat TM Image (1987) Landsat ETM Image (2000)
Class 0 88.9618% Class 0 87.8186%
Class 1 2.8296% Class 1 3.6984%
Class 2 8.2086% Class 2 8.4830%

Source: lab Analysis (2008)
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Figure 4.3 Agricultural Land Use area comparison between the Landsat TM (1987) 
and ETM (2000) images
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Table 4.1 and figure 4.3 present the result of the land use type area calculation of the study 
area. The result analysis shows that there was a reduction change of 1.1422 percent in the land 
use  class  0  from 1987 to  2000  to  agricultural  land  use  type  category.  Land  use  class  1 
increased  by 0.8688 from 1986 to  2000 while  land use class  2 also increased by 0.2744 
percent from 1987 to 2000. 

The  result  analysis  for  the  area  calculation  indicates  that  despite  the  increase  use  of 
mechanisation and irrigation for agricultural crop production in the study area, there has not 
been any much aggregate change in the area of land use for agricultural  crop production. 
However, a comparison of the area calculation result with the visually-observed change result 
analysis shows that there have been changes in the location of the land use types. This gives 
evidence of the increase conversion of other land use types to agricultural land use in some of 
the location in the study area while there has been conversion of agricultural land use type to 
other categories of land use type in other locations. 

 4.2 Classification Results of the Parallelepiped  Analysis of the TM and ETM Images

The parallelepiped analysis was carried out on the Landsat TM and ETM images to classify 
the images into a single class agricultural  land use type  without differentiation unlike the 
NDVI classification and the groups include:

Group 1: Agricultural land
Group 0: other land use category
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The classification result only showed the aggregate area being used for agricultural food crop 
production  in  the  study  area  location  and  the  non-agricultural  land  use  category.  A 
comparison was made between the two set of images to identify the magnitude of changes 
that has taken place in the study area between 1987 and 2000.

4.2.1 Visually Observed Difference in the Parallelepiped Classification Analysis Results 
for Landsat TM and ETM Images

The visually observed difference in the parallelepiped classification analysis of the TM and 
ETM images indicate a significant magnitude of change which has occurred in the study area, 
with the study area location undergoing a rapid conversion from non-agricultural  lands to 
agricultural land over the period of years of interest. 

Figure 4.4  Parallelepiped analysis image classification result showing changed areas
      

Parallelepiped LandSat TM 1987 image analysis
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Parallelepiped Landsat ETM 2000 image analysis

Source: Lab analysis (2008)

Figure  4.4 shows  the  Landsat  TM and  ETM  images  for  the  parallelepiped  classification 
analysis. The visually observed increase in the agricultural land use (point A1 and A2) may be 
as a result of the increased use of irrigation and mechanisation for agricultural production in 
the study area and Sudan generally with continuous increasing demand for agricultural lands. 
With the opportunity to provide water for agricultural use independent of the convectional 
method  of  rain-fed  agricultural,  there  are  opportunities  to  increase  agricultural  crop 
production and convert other land use and vegetation types for agricultural production use. 
This has been the case in many region of Sudan with the development of agricultural and 
irrigation schemes in areas where there are available water resources with opportunities for 
irrigated agricultural crop production. 

4.2.2 Digitally Observed Difference in the Parallelepiped Classification  Analysis of the 
Landsat TM and ETM Images from Area Calculation and Cross-Tabulation

The digitally observed differences in the TM and ETM images of the study area from the 
land  use  area  calculation  and  cross-tabulation  result  of  the  classified  images  of  the 
parallelepiped analysis shows a significant difference between the set of images and land use 
changes from 1987 to 2000 . 

A2
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Figure 4.5.1 Area Differences in the Parallelepiped analysis of the Landsat TM 1987 
image

Agric
9%

Non-Agric
91%

Source: Lab Analysis (2008)

Figure 4.5.2 Agricultural land use area differences in the Parallelepiped analysis of the 
Landsat ETM 2000 image

Agric
17%

Non-Agric
83%

Source: Lab Analysis (2008)

Figure 4.5.1 and 4.5.2 shows the land use area difference between the agricultural land use 
and  non-agricultural  land  use  in  the  location  of  study.  The  result  shows  that  there  is  a 
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significant increase in the agricultural land use from 1987 to 2000 which increased from 9 
percent to 17 percent with the conversion of other land use types to agricultural land use. 

Figure 4.6    Cross-Tabulation result of the Parallelepiped analysis of the Landsat TM 
and ETM images

Source: Lab analysis (2008)

Figure 4.6 shows the cross-tabulation result for the parallelepiped classification analysis of 
the Landsat TM and ETM+ images. The cross-tabulation detection method is used to produce 
a change matrix of the types of changes that has occurred with given knowledge of where the 
changes has occurred and analyse the nature, rate and location of the changes.
 
The result shows the specific regions where a change has occurred with the conversion of one 
type of land use to another type and regions where there has not been any change. The result 
indicated that a significant change has occurred between the two periods in the area of land 
use for agriculture in the location of study. While there has been a significant magnitude of 
change with Class 0 (non-agricultural land use type) becoming Class 1 (agricultural land use 
type), there has also been a loss of agricultural land with Class 1 becoming Class 0. This gives 
indication of the continuous loss of agricultural land which may be as a result of continuous 
use without much consideration for sustainable use of the soil nutrient resources and other 
environmental  hazards  common  to  the  location  of  study including  soil  nutrient  leaching, 
flooding and erosion, salinity problem among others.
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Figure 4.7    Cross-Tabulation result of the parallelepiped analysis of the Landsat TM 
and ETM images showing the individual changed areas and the non-changed areas

A. Non-agricultural land area that changed to agricultural land  area

B. Agricultural land area that did not undergo any change
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C. Agricultural land area that changed to non-agricultural land  area

D. Non-agricultural land area that did not undergo any change

                   
Source: Lab analysis (2008)
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Figure  4.7  present  the  results  of  the  cross  tabulation  analysis  for  the  individual  classes 
showing the magnitude of change that has occurred after  the change process. The different 
images show the specific part of the agricultural land use that change to non-agricultural land 
use and the part that did not undergo any change between 1987 and 2000.  Image (a) shows 
the part of the non-agricultural land use type area that change to agricultural land use type 
during the period. Image (b) shows the part of the agricultural land use type area where no 
change has occurred to other land use type during the period. Image (c) shows the part of area 
of agricultural land use type that changed to non-agricultural land use type between 1987 and 
2000. Image (d) shows the part of the non-agricultural land use type area that did not undergo 
any change to agricultural land use type between 1987 and 2000.

4.3       Land Use and Land Cover Analysis using the Parallelepiped and Maxlike 
Classification Techniques

A new classification analysis was carried out on the TM (1987) and ETM+ (2000) images to 
identify the land use cover changes that have occurred in the study area.  Five different land 
use classes were identified which include the following:

1. Agricultural Land (food crops and tree crops)
2. Range Land
3. Urban
4. Water Bodies
5. Bare Land

The parallelepiped analysis method and the maxlike analysis method which are both types of 
supervised  classification  techniques  were  used  for  the  land  cover  changes  classification 
analysis to identify the land use cover changes that has occurred in the study area between 
1987 and 2000.  In the analysis, the agricultural land use comprises of both food crop and tree 
crop land use without any differentiation between the two unlike the first type of land use 
analysis carried out in section 4.1 and 4.2 in which the agricultural land use comprises only of 
the food crop land use. 

4.3.1 Classification Results of the Parallelepiped Analysis of the TM (1987) and 
ETM (2000) Images

Figure 4.8 present the classification result for the land use cover changes analysis for the TM 
and  ETM+ image  giving  the  visual  comparison  while  figure  4.9  present  the  comparison 
between the two images to identify the changes that has occurred in the land use cover.
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Figure 4.8    Land use and land cover analysis using the Parallelepiped technique for the 
Landsat TM  and ETM+ images

(a) Land cover classes in the Landsat TM

(b) Land cover classes in the Landsat ETM+

Source: Lab analysis (2008)
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Figure 4.9   Comparison between the TM and ETM+ image using the parallelepiped 
classification techniques
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Figure 4.9 shows that there has been a significant in the agricultural land use, range land and 
bare land vegetation covers. There was a major decrease in the agricultural  land use from 
1987 to 2000 and an increase in the range land and the bare land in the area.  This gives 
indication of the conversion of agricultural land into range land and bare land in the area. 
There has not been any significant change in the urban land use and the water bodies in the 
area of study.

4.3.2 Classification Results of the Maxlike Analysis of the TM (1987) and ETM+ 
(2000) Images

The Maxlike classification technique was also use to carry out a supervised classification of 
the images to identify the different land use classes in the area and the land cover changes. 
The classes include the following: 
Class 1 = Agricultural Land (food crops and tree crops)
Class 2 = Range Land
Class 3 = Urban
Class 4 = Water Bodies
Class 5 = Bare Land

Figure  4.10  present  the  classification  result  for  the  TM  and  ETM  image  for  the  visual 
comparison  between  the  images  to  identify  the  land  use  cover  changes  while  figure  4.9 
present the graphical comparison between the two images.
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Figure 4.10    Land use and land cover analysis using the Maxlike technique for the
Landsat TM and ETM+ images

(a)     Land cover classes in the Landsat TM

  
(b) Land cover classes in the Landsat ETM+

 Source: Lab analysis (2008)
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Figure 4.11 Comparison between the Maxlike Classification Technique result for the 
TM  image and ETM+ image
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The  comparison  between  the  TM  and  ETM+  images  using  the  Maxlike  classification 
technique shows that there has not been any significant change in the land use cover classes 
from 1987 to 2000. This is contrary to the parallelepiped classification technique result that 
showed a significant change in the agricultural land use, range land and bare land from 1987 
to 2000. 

Figure 4.12  Comparison between the Parallelepiped and Maxlike Classification 
Techniques for the TM (1987) image
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Figure 4.13  Comparison between the Parallelepiped and Maxlike Classification 
Techniques for the ETM+ (2000) image
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4.4 Land Use Cover Changes Prediction Using the Markov Model

The markov model was used for predicting the land use cover changes for a period of ten 
years (year 2000 to 2010). Table 4.1 present the probability transition ratios for the different 
land use cover changes prediction. 

Table 4.2 Markov transition probability ratios for the parallelepiped analysis result

AgricLand Rangeland Urban Water BareLand
AgricLand 0.4094 0.5899 0.0000 0.0006 0.0000
Rangeland 0.0489 0.7650 0.0011 0.0023 0.1828
Urban 0.2296 0.3949 0.0557 0.0481 0.2717
Water 0.2425 0.5171 0.0340 0.0886 0.1178
BareLand 0.0160 0.6812 0.0095 0.0042 0.2891
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Figure 4.14 Markov transition probability ratios for the parallelepiped analysis result

Table 4.3 Markov transition probability ratios for the Maxlike analysis result
     

AgricLand Rangeland Urban Water BareLand
AgricLand 0.6688 0.3137 0.0012 0.0010 0.0153
Rangeland 0.1044 0.7129 0.0161 0.0012 0.1654
Urban 0.0511 0.4876 0.0371 0.0031 0.4211
Water 0.2892 0.3287 0.1653 0.0680 0.1488
BareLand 0.0740 0.3956 0.1465 0.0134 0.3705
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Figure 4.15 Markov transition probability ratios for the Maxlike analysis result
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Chapter 5 Discussion

5.1  Findings on Agricultural Land Use Changes in Sudan 

The increase use of irrigation and mechanisation for agricultural production and development 
of irrigation scheme in the central and northern part of Sudan has increased the demand for 
agricultural  land  with  impact  on  land  use  and its  sustainability.  With  the  research  result 
analysis indicating a significant change in the agricultural land use in the North-central region 
of Sudan, with increase in the land use from the period 1987 to 2000, there is need for good 
monitoring  procedure  to  guide  against  any  negative  impact  of  land  use  activities  and 
consequential  effects  on  the  environment.  Changes  to  the  ecological  system  through  the 
development of new land agricultural lands and conversion from one land use to another do 
have effect of the sustainability of the ecosystem and resource use conservation. With many 
region  of  Sudan  venerable  to  changes  in  ecological  settings,  drought,  desertification 
encroachment and other natural hazards (Kibreab, 1996; Osman, 2005), it is important that 
any developmental process in the country must encompass the long term sustainability of the 
environment and natural resources use in the country. 

The research findings indicated that there has not been a large magnitude of change in the 
total  aggregate agricultural  land use area in the study location; however, there has been a 
significant  change in the area  of  land use conversion from one type  to  another.  There is 
evidence of conversion of agricultural land use to non-agricultural land use type and also the 
conversion of non-agricultural land use to agricultural land use in other locations. The major 
factor responsible for the conversion of non-agricultural land use type to agricultural land use 
type is the increased use of irrigation and mechanisation for agricultural production with the 
development  of  irrigation  schemes  for  both  mechanised  agriculture  and  individual 
group/tenant small-scale farmer allocation.  This has brought an increase in the demand for 
agricultural land in the country and increase demand for water resource use in the area. 

There has also been evidence of significant loss and conversion of agricultural land use type 
to non-agricultural land use type with increasing evidence of vegetation loss in many part of 
the country. Some of the possible factors responsible for these include soil nutrient leaching, 
flooding and erosion, water-logging and salinity problem, overgrazing among others (Osman, 
2005).  The increase use of irrigation  and continuous use of the land for  crop production 
without adequate planning for long term sustainable use of the land and soil resources can 
lead to over-exploitation of the soil resources and rapid degrading of the soil which eventually 
leads to soil nutrient and vegetation loss and abandonment of the land. The flooding of the 
irrigated plots also leads to water-logging and salinity problem with most of the soil in Sudan 
having low water percolation rate (Moghraby, 2002; Osman, 2005).

With  evidence  of  the  country’s  venerability  to  drought  and  desert  encroachment,  the 
development of new agricultural lands for irrigation schemes and opening up of the existing 
vegetation  do  expose  the  land  to  the  danger  of  the  impact  of  desertification,  rapid  soil 
degradation and destruction of the ecosystem. The concentration of the agricultural projects 
and irrigation schemes in the central and northern region of the country which is an area that 
is venerable to drought and rapid soil degradation, water resources contraints and conversion 
of the existing ecosystem to a desert-like ecosystem also calls for attention with the perceived 
destruction of the environment and the ecological setting taking place in a fast mode. While 
agricultural production in this region relies more on the use of irrigation and mechanisation, 
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the negative impact of these practices such as soil nutrient leaching, water logging problems, 
erosion among others do aid the rapid destruction of the environment and degrading of the 
soil which do have long term negative impact on the sustainability of the agricultural projects 
and the environment. This may also have negative impact on the livelihood security of the 
people  living  in  the  region  with  the  incidence  of  soil  degradation  and  nutrient  loss  and 
conversion of land vegetation  to  desert  bare-land over  a  period of  time.  With  agriculture 
playing an important role in the economic sustainability of the country, effort must be made at 
protecting  the  environment  and increasing  the  long term sustainability  of  the  agricultural 
schemes  and land.  With  evidence  already showing a  decrease  in  crop yield  (Abbadi  and 
Ahmed, 2006; CBS, 2005) and an increase in food aid to the country which may however be 
as a as a result of the armed conflicts currently taking place in the region (Suliman, 1996), 
there  is  need  for  the environmental  and  land use planners  to  take  steps  at  protecting  the 
environment  from the  effect  of  environmental  hazards  through  agricultural  land  use  and 
ensuring the long term sustainability of the agricultural land area in the country. 

5.2 Agricultural Land Use and Agricultural Sustainability in Sudan

The  impact  of  agricultural  land  use  changes  has  influence  on  the  sustainability  of  the 
agricultural sector and industry in Sudan. With agriculture accounting for a lion share of the 
country’s GDP, any negative impact on agricultural production will affect the economic status 
of the country. The research result analysis has indicated a change in agricultural land use in 
Sudan  with  an  increase  in  agricultural  land  use  and  changes  in  other  land  use  types  to 
agricultural  land use.  This has been made possible  with the increase use of irrigation for 
mechanised and irrigated agriculture and development of mono-crop plantations. However, 
while there has been success story in the development of the agricultural sector in the country 
and increase in agricultural  production,  the development  of the mechanised and irrigation 
schemes in the country has been centralised in the central and northern region of the country. 
The  region  is  characterised  with  low rainfall  and frequent  drought  occurrence  (Elmqvist, 
2006), thus pressure being exerted on the available water resources for irrigation use. There is 
also evidence of soil degradation potential due to water logging problems, nutrient leaching 
among others. With the challenge for sustainable use of available water resources, prevention 
of  desert  encroachment,  protection  of  biodiversity,  there  is  need  for  ecological  planning, 
protection and conservation of the environment against  adverse and negative effect  of the 
agricultural production system. 

The increase in the development of new land areas for agricultural production in the country 
and conversion of other land use types to agricultural use must be done in a sustainable way 
that will guarantee biodiversity conservation and protection,  soil nutrient conservation and 
maintenance.  With  the  evidence  of  widespread  desert  encroachment  across  the  different 
region  of  northern  Sudan and frequent  occurrence  of  drought,  there  is  need  for  the  land 
managers and planners to take precautionary measures in the land development process and 
conversion of forest and woody savannah land into open agricultural fields. 

The sustainability of the agricultural industry and sector in Sudan is vital for the economic 
sustainability  of  the  country  with  agriculture  contributing  an  estimated  39  percent  to  the 
national GDP of the country.  Thus the developmental  process taking place in the industry 
must be done in a sustainable way with attention paid to the long term sustainability of the 
land area being used for agricultural production, resource conservation and its sustainable use. 
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5.3 Management Practice for Agricultural Sustainability

The adoption of good land use management practice is important for the sustainability of the 
agricultural industry in Sudan and reducing the negative impact of agricultural land use. With 
agricultural land use activities expected to have negative consequential effects and impact, the 
impacts can be reduced to the minimum level with the adoption of good land use and soil 
management practices for agricultural production and increasing the long term sustainability 
of the industry, resource use and environment.

Different land use and agricultural management practices are adopted for use in Sudan with 
relation to the type of agricultural production activity taking place in the region. The crop 
rotation and mono-culture cropping system is adopted in the Gezira scheme and many of the 
other agricultural irrigation schemes across the different regions of Sudan. The crop rotation 
system ensures the sustainable management of the soil nutrient due to continuous cropping. 
The soil is allowed to fallow after some period of time use to regenerate back into vegetation 
for regain of nutrient after which they are used again. There is also a system of silt deposition 
removal in the irrigation plots to aid soil water percolation and prevent water-logging for soil 
nutrient conservation.

With the agricultural industry in the country facing environmental sustainability challenges, 
the use of good management practices that helps in the conservation of the soil nutrient use 
and protection of the land surfaces from adverse effect of the environment must be adopted by 
the stakeholders in the industry. This can serve as a good initiative towards ensuring the long 
term sustainability of the agricultural land use and soil resource conservation in the country.

5.4 Role of Government in Land Use Management

The Sudanese government plays an important role in the agricultural industry in the country 
and a direct role in the development of new agricultural land for production activities and 
development of irrigation schemes.  Majority of the agricultural schemes across the different 
regions of the country are government initiated and controlled and the schemes continuously 
administered  by  government  agencies  that  are  responsible  for  the  daily  running, 
administration and organisation of the schemes. 

In the Gezira project which is one of the major agricultural schemes in Sudan, the plots are 
allocated to the tenant farmers who produce the crops in agreement with the laid down rules 
and  procedures  developed  by  the  governing  government  agency  who  oversee  the  daily 
running and administration of the project. The agency functions including allocating plots to 
farmers, determining the sequence of cropping in the crop rotational system adopted for the 
project, administration of water for irrigation and removal of silt generated through flowing 
irrigation water in the water channels. 

With the government agency having the responsibility of  making decisions on the mode of 
operation in the agricultural schemes, it is important that the land use management practices 
adopted for production must enhance the long term sustainability of the land resources being 
used for production and the environment. The land use conservation techniques must take into 
consideration the climatic factors inherent in the region and the environment fragility. With 
irrigation also giving the possibility of doing a year-round crop production, adequate care 

51



must be taken to reduce the rapid degradation of the soil and land resources from continuous 
use. 

With the concentration  of agricultural  schemes in  the central   and northern region of the 
country characterised with incidence of environmental hazards such as drought  and desert 
encroachment, there is the need for the government to carry out a long term planning of the 
use of the available water resource in the country with the location of industries in regions 
where there are available environmental production resources to support their growth without 
much  consequence  on  their  long  term  sustainability.  Government  developmental  policies 
must  also  reflect  long  term environmental  sustainability  and  resource  use  protection  and 
conservation.

There  must  also  be  a  joint  collaboration  among  all  the  stakeholders  involved  in  the 
agricultural  industry  in  developing  sustainable  mode  of  operational  means  and  ensuring 
increased productivity in resource use for output maximization. This will help in ensuring the 
sustainable  use  of  resources  by  ensuring  that  the  land  and  soil  resources  are  used  in  a 
sustainable way to generate the maximum output possible, thus reducing the indiscriminate 
use of the resources.
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Chapter 6 Conclusion

6.1 Conclusion

The remote sensing technology is increasingly being used to study land use and vegetation 
cover changes and identify changes that has occur through different land use activities which 
may have negative impact on the sustainability of the environment and biodiversity protection 
and conservation.  The increase  use of  irrigation  and mechanisation  has  brought  about  an 
increase in demand for agricultural land use in Sudan with the conversion of other land use 
types  and  vegetation  for  agricultural  land  use.  This  does  have  effect  and  impact  on  the 
vegetation  and  environment  with  the  country  highly  exposed  to  the  incidence  of 
environmental  and  social  hazards  and  disasters  including  drought  and  desertification, 
deforestations, floods, loss of biodiversity, ethnic conflicts and poverty. 

The  research  study work  has  focused  on  agricultural  land  use  and  cover  changes  in  the 
country with the aim of investigating the land use changes that has occurred in the country 
from 1987 to 2000 using the remote sensing technique. This is important for agricultural land 
use planning and sustainability monitoring to reduce the negative impact of agricultural land 
use for crop production and increase long term resource use and environmental sustainability. 
Two remote sensing methods were used for the classification analysis to identify the land use 
changes  namely  the  NDVI  and  the  parallelepiped  classification  techniques.  The  NDVI 
method was used to identify the changes in the agricultural land use vegetation cover classes 
and determine the magnitude of changes in land area use that has occurred from 1987 to 2000 
when  the  former  and  latter  remote  sensing  images  were  acquired.  The  parallelepiped 
classification  technique  was  however  used  to  identify  the  aggregate  agricultural  land  use 
changes  in the area of study and conversion to and from other  categories  of land use.  A 
qualitative analytic technique was also used to identify the possible causes of the changes that 
have  occurred  in  Sudan  in  the  study  period  using  empirical  materials.  Two  types  of 
supervised  classification  techniques  namely  the  maxlike  and  parallelepiped  classification 
techniques were also used to identify the method that will give the best result analysis. 

The  research  result from  the  remote  sensing  analysis  indicated  that  there  has  been  a 
significant change in the agricultural land use in the study location in Sudan with an increase 
in agricultural land use through conversion of other land use categories to agricultural land 
use type. The changes occurred as a result of the increase use of irrigation and mechanization 
for agricultural crop production. The findings from the empirical material analysis however 
revealed  that  the  increases  in  agricultural  production  were  brought  about  due  to  land 
expansion and not as a result of increased productivity. This gives indication of the increasing 
negative  impact  of  agricultural  land  use  activities  with  impact  on  soil  nutrient  and  low 
resource use productivity. The evidence of increase dependency on foreign food aid, which 
may however be as a result of the social hazards such as ethnic armed conflicts and wars in 
the country is also an evidence of the low agricultural productivity in the country. 

The  result  analysis  also  indicated  that  there  has  been  a  significant  change  with loss  and 
conversion of agricultural land use type to other types of land use categories. The findings 
through visual observation of the classified images shows that there has been evidence of 
agricultural land use abandonment with plots formerly used for agricultural crop production 
being abandoned with no vegetation cover as indicated with the NDVI analysis. This give 
evidence of the deteriorating conditions of the agricultural lands from long use with eventual 
loss of their vegetation covers.   Some of the reasons identified for this include soil nutrient 
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leaching,  flooding  and  erosion,  water-logging  and  salinity  problem,  overgrazing  among 
others. This gives indication of the negative impact of agricultural land use in the area, with 
effect  on the  biodiversity  protection  and conservation  and long term sustainability  of  the 
environment and resource use. 

The parallelepiped  and maxlike  classification  analysis  also indicated  that  there  have been 
changes  from  one  land  use  class  to  another  from  1987  to  2000.  The  parallelepiped 
classification analysis showed that there has been a significant change in the land use class 
Agriculture, range land and bare land in the study period there was not change in the land use 
class urban and water. The maxlike classification analysis on the other hand indicated that 
there were only slight changes in the land use class agriculture, rangeland, urban and bare 
land while there was no change in the land use class water from 1987 to 2000. 

6.2 Recommendations for further research

Some recommendations are outlined below for further research on the use of remote sensing 
technology in agricultural land use and cover changes monitoring in Sudan. 

1. There is a need for further research work on the use of the remote sensing and GIS 
technology with the research study work covering the whole land area for Sudan. This 
will  provide  the  opportunity  in  carrying  out  a  comprehensive  appraisal  of  the 
agricultural land use changes scenario in the whole country. With the northern region 
of the country undergoing a rapid change in vegetation cover and land use with desert 
encroachment a major problem, land use planners and environmental managers in the 
country will be able to make an assessment of the change scenario with a decision on 
which region of the country will be recommended for specific land use type based on 
consideration for the environment and its long term sustainability.

2. There is also a need for further research work on resource use assessment to identify 
changes  to  the  environmental  resources  in  the  country,  more  especially  the  water 
resources  which is  a  major  production  resource for  agriculture  and other  types  or 
production activities in the country.   With the country an arid region with water a 
limiting factor and drought a major occurrence in the country, there is need to identify 
regions already undergoing resource use stress for long term sustainability planning.
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