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Abstract

The main objectives of this study were to detecting the land use and land cover change (LULC), us-
ing remote sensing techniques, then identify the reasons for rangeland and tree cover degradation
in El Rawashda Forest, Gadarif State, Sudan. The study has conducted field experiment developed
on an area of 20 feddans that was affected by deterioration in the forest and to assess the best
method for rehabilitation of the vegetation cover in the area of study. The experimental area was
divided into 5 blocks; each block consisted of 4 treatments: grass seeds and Talih (Acacia seyal var.
seyal); sowing seeds just before autumn, sowing seeds after disc ploughing, sowing seeds using
water harvesting technique and control (no seeding). In the present study an attempt has been
made to analyze and monitor the LULC changes using multi-temporal Landsat data deterioration
in the forest and to assess the best method for restoration of the vegetation. In the present study,
an attempt has been made to analyze and monitor the LULC changes using multi-temporal Landsat
data for years 1984, 1994 and 2013. LULC grades in the classification scheme are: Trees, Mecha-
nized Rain-fed Agriculture (MRA), Grasses and Bare land. Individual classifications based on maxi-
mum likelihood of algorithm were used and the results showed a significant that extensive change
of LULC patterns has occurred in all decades in the study area. The results also show Trees class
was decreased, while MRA, Grasses and Bare land were increased. The seeding of the forage and
Talih seeds after disc plowing gave the best results compared to the other treatments, followed by
forage and Talih seed sowing under the water harvesting technique and broadcasting of forage
and Talih seeds and finally the control.
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1. Introduction

Sudan is rich in its natural resources; the forest resources are among them, which are either reserved, or non-
reserved. They play vital role in the economy and welfare of the people. Forest provides a wide range of benefits
including fire wood for energy, pole and sawn timber beside non-wood forest products like Gum Arabic. [1]
stated that, forest cover in Sudan is estimated to be 12% of the total area of the country while it was 18% during
early 1980 and 36% during 1950. Large scale mechanized rain-fed agriculture was developed in the Gadarif Re-
gion in 1945, when the Colonial British Government decided to cultivate the cracking clays of Central Sudan in
order to meet the food needs of army units in East Africa. During the 1960s, investment from the private sectors
resulted in a massive clearing of land for cultivation. As a consequence, fallow lands occurred every 4 years
while the investors continuously cleared the new areas. By the end of 1970s and in the early 1980s, most of the
lands were used for mechanized farming [2]. This situation, coupled with several other factors such as mono-
cropping of sorghum, lack of crop rotation, inappropriate methods of soil preparation and management, had re-
sulted in severe land degradation problems. Rapid physical, chemical and biological deterioration of soil and
subsequent decline of agricultural productivity and deterioration of environment have taken place within this re-
gion [3]. In the dry seasons at El Rawashda forest, the nomads have no alternative for animal feeding except
lopping the trees. In addition to the continuous lopping of the trees as fodder, their livestock causes damage to
the forest particularly the regeneration. Rangeland miss-use and open grazing by villagers and nomads during
their seasonal movement from North to South Gadarif state and their stay for a longer period in the forest ex-
poses its resources to further depletion. The total forest area is reduced due to over cultivation by modern me-
chanized farming as a result of increase in food demand due to human population increase as well. Deforestation
for charcoal, building houses and fire wood to improve their economic income has contributed to forest deteri-
oration. Thus, The Sudanese villages and camps of Eritrean refugees near the El Rawashda forest has a negative
impact on the forest that led to change in LULC by over-logging and open grazing. LULC changes are among
the most persistent and important sources of recent alterations of the Earth’s land surface. Remote sensing with
high temporal resolution images has become a very strong tool for monitoring LULC changes [4]. Remote
sensing for many purposes provides the only way to assess habitat structure and LULC changes across the vast
areas [5]. For the mapping of LULC changes, the use of satellite images is becoming increasingly important)
[6]-[9]. The objectives of the present study were 1) to study the land use and land cover (LULC) detection using
multi-temporal Landsat data in EI Rawashda forest, Gadarif State; and 2) to identify the reasons of rangeland
and tree cover degradation in the study area. In order to achieve the above objectives the following hypotheses
have been put forward to be empirically tested: The forest and rangeland resources have been depleted as a re-
sult of miss-management. The uncontrolled open grazing system leads to the deterioration of range recourses.
The man made activities are contributing potentially in degradation of EI Rawashda Forest Reserve.

2. Study Area

The study area is located in EI Rawashda natural forest reserve is the largest forest in Gadarif state. It lies be-
tween Gadarif and Showak at latitude 14°6' - 14°24'N and longitude 35°32' - 35°49'E, covering an area of about
121472.6 feddans (Figure 1). Gadarif State vegetation cover is composed of great diversity of trees, shrubs and
grasses. The average temperature of this region varies between a mean minimum of 22°C in winter and a mean
maximum of 37°C in summer. The study area receives the highest temperature between April and May. During
such times, the hottest day can go up to 40°C - 42°C [10]. The forest has been gazzetted in 1960 as a central for-
est reserve under 1932 central forest ordinance to safeguard the charcoal supplies for Khartoum [11]. Generally,
the vegetation of the area is largely dependent on rainfall and soil types. Despite the high deforestation trends in
El Rawashda natural reserve forest still vegetation cover is composed of great diversity of trees, shrubs and
grasses. The main dominant trees are: Acacia seyal var. seyal (Tailh) is covering 70% of the total area of the
forest, Acacia senegal (hashab) mainly planted but some naturally growing trees are mixed in (Talih) stand,
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Figure 1. Study area.

Acacia millifera (Kitr) large shrub, Acacia nubica (Laot) is a small shrub in some pockets in the northern part of
the forest and Balanites aegyptiaca (Higlig) is dominant trees scattered throughout the forest. The obvious fea-
ture of EI Rawashda forest is the dominance of grasses and herbs including: Cortolaria senegalensis (Safari),
Ocimum basilicum (Rehan), Ipomea cardiosepala (Hantoot), Ipomea cordofanam (Taber), Solanuim dubium
(Jubein), Sorghum halpens (Adar), Aristida mutabilis (Gaw), Cympopogn nervatus (Nal), Pennisetum spp. (Da-
nab kadees) Tribulus terrestris (Derisa) and Phragmites spp. (Boos).

Monthly rainfall and temperature data were obtained for the meteorological station of El Gadarif (latitude
14.03°N; longitude 35.40°E; altitude 600 m) from Sudan Meteorological Authority. Standardized anomaly in-
dices (SAls) were calculated for the annual mean temperatures as well as the rainfall data to assess the evolution
of climatic departures from the normal. Figure 2(a) and Figure 2(b) showed annual temperature, Figure 3(a)
and Figure 3(b) showed annual rainfall and Figure 4 showed monthly rainfall. The region is characterized by
semiarid climatic conditions with an aridity index ranging from 0.2 to 0.4 [12].

3. Materials and Methods

The first visit was carried out to EI Rawashda forest to up-date information on the area and establish a bounda-
ries for the area (i.e. remapping) using Global Positioning System (GPS). Primary data of the past forest status
(e.g. area and type of trees species), was collected by reviewing the reports available from the Forest National
Corporation (FNC) and Range and Pasture Administration in Gadarif State, and other relevant literature. The
sources of secondary data include FNC documents, files, annual reports and relevant articles.

3.1. The Experiment Layout and Field Work

The most deteriorated areas were identified in different places and were considered as the experimental site of
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Figure 2. Annual temperature in EI Rawashda forest in 1981-2012.

about 20 feddans (Feddan = 0.42 ha.). These were further divided into five parts with four feddans for each one
as separate unit. In each unit (four Feddans), four treatments were applied as means of vegetation cover im-
provements. The experimental design was completely randomized block design (CRBD). Treatment means were
separated using the LSD test [13]. The designated treatments which were conducted are; Broadcasting forage
and trees seeds just before autumn, broadcasting forage and trees seeds after disc ploughing in autumn, forage
and trees seed sowing with water harvesting in autumn and control. The experiment was conducted in rainy
seasons of 2008 and 2009. In each of the two years the following measurements for forage plant were taken ac-
cording to [14]. Productivity and plant density per unit area were measured by quadrate, and vegetation cover
was measured by visual estimates and transects method.

3.2. Satellite Images

Thematic Mapper (TM) and OLI/TIRS (OLI = Operational Land Imager and TIRS and Thermal Infrared Sensor)
multi-spectral images are the main remote sensing data used in current study. Multi-temporal Landsat data of the
years 1984, 1994 and 2013 with a path/row of 171/50 were used in this study. The technical details of Landsat
4 -5 TM and Landsat 8 OLI/TIRS bands have been provided in the Table 1. For other specification of Landsat
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Figure 3. (a) and (b) annual rainfall in El Rawashda forest in 1941-2012.

satellite; refer to the official portal of Landsat (Landsat Program, NASA web). The Landsat TM and OLI/TIRS
scenes of path and row that are given in Table 1 were used for EI Rawashda forest that downloaded from USGS
web (http://earthexplorer.usgs.gov/). Post-classification is a term describing the comparative analysis of spectral
classifications for different dates produced independently [15]. Despite criticisms focusing on accumulation of
the inherent errors of each individual classification, this is the most appropriate method for comparing multi-
source data, as each data layer can be generalized to a common LULC scheme before being compared [16]. In
order to quantify changes of certain LULC type during certain time period, the calculation formula followed
was:

Lutce = LU —LULG, 1 00%
LULC, T
where LULCC is the rate of change of a certain land-use/land-cover (LULC) type for a certain time period; the
subscripts a and b denote the beginning and the end of a time period for LULC change investigation, respec-
tively; and T is the time period. A positive value means that there is an increasing trend for a specific time pe-
riod for an area of a certain LULC type; otherwise, a deceasing trend is occurring for the area assessed.
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Figure 4. Monthly rainfalls in EI Rawashda forest in 1941-2012.
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Table 1. Properties of the data used in the study.

[WRS: P/R] Acquisition date (Satellite) sensor Sectral bands Ground resolution (m)
171/050 4 Nov. 1984 Landsat4 -5 TM 3-5 30
171/050 2 Dec. 1994 Landsat4 -5TM 3-5 30
171/050 6 Dec. 2013 Landsat 8 OLI/TIRS 4-6 30

WRS = World reference system; P = Path and R = Row; TM = Thematic Mapper; OLI = Operational Land Imager and TIRS and Thermal Infrared
Sensor.

Supervised classification based on maximum likelihood algorithm was used in this study. ERDAS IMAGINE
9.2 image and ArcGIS 9.3 software were used for overall image processing. Using the nearest neighbor method,
images were resample into a pixel size of 30 x 30 m. Amulti date PCC based change detection algorithm was
used to determine the LULC changes in four periodic intervals: 1984 to 1994, 1994 to 2013 and 1984 to 2013.
PCC is a quantitative method that requires an independent classification of individual images from different
dates for the same geographic location, followed by a comparison of the corresponding pixels (thematic labels)
in order to identify and quantify areas of changes [17]-[20]. It is the most commonly used method for LULC
change detection mapping [21] [22]. Atmospheric correction was not applied in this study, because the adopted
post classification comparison (PCC) approach compensated the variation in atmospheric conditions and vegeta-
tion phenology for different dates [23]-[25]. For LULC classification, a classification scheme, with four level 1
classes (Table 2), was adopted in this study [26]. The basic concepts and structure of this system are still valid
today [27].

4. Results and Discussions
4.1. The Experiment Layout and Field Work

4.1.1. Productivity

We have analyzed dry productivity of forage (tons/feddan) in EI Rawashda forest under different sowing treat-
ments during two seasons (Table 5). There are significant differences regarding the productivity have been ob-
served among the treatments. The highest productivity was under disc plowing followed by water harvesting and
direct broadcasting during the two seasons. These variations in productivity might be attributed to conditions
under each treatment. Under disc plowing the seeds were likely more protected and were enjoying better soil
moisture compared to the seeds in other treatments. Moreover, from the results of plant cover and plant density
(Table 2 and Table 3), higher plant cover and density were reported for disc plowing and water harvesting
treatments. Therefore, it is expected to result in higher productivity as both growth parameters represent resul-
tant to productivity. It is worth mentioning that productivity in late season was always greater than early season
regardless of treatments used as late season productivity benefited from the rainfall since it was taken at the end
of autumn.

4.1.2. Vegetation Cover

Table 3 showed vegetation cover in El Rawashda forest under different sowing treatments during the two sea-
sons. Similar to the trend of productivity, the vegetation cover under disc plowing was the best compared to the
other treatments including the control in two seasons.

4.1.3. Plant Density

Plant density in the present study under different sowing treatments during the two seasons showed in Table 4.
The density was variable among the different treatments with the highest under disc plowing relative to others in
the two seasons. This variation could be justified by variations in the planting conditions. Under disc plowing
the seeds were likely more protected and were enjoying better soil moisture compared to the seeds in other
treatments. Disc plowing besides preparing a good seedbed for the seeded species, it acts as micro catchment for
rain water an assist in water infiltration into the soil. This will create a suitable environment for the young
growing seedlings, consequently increasing plant density [28].
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Table 2. Description of LULC classes identified in the study area.

Classes Descriptions
Trees All wooded areas with (75 - 300 trees/ha). This class includes trees shrubs.
MRA Areas currently under crop or land being prepared for raising crops.
Grasses This class includes grasses used as grazing land.
Bare land Non-vegetated areas such as bare rocks or areas with very little vegetation

cover of grasses also it used as grazing land.

Table 3. Vegetation cover (%) under different sowing treatments.

Season one Season two
Treatment

Early Late Early Late
Direct broadcasting 0.7b 16¢ 0.67b 164b
Disc plowing 0.75a 19a 0.75a 182a
Water harvesting 0.74a 176 b 0.71a 169b
Control 0.62¢c 1.4d 0.61c 124c

LSD at 0.05 0.03 0.13 0.04 0.13

CV% 18 14 15 13

Figures followed by same letter(s) within each column are not significantly different at 0.05 level of probability
using the LSD Test.

Table 4. Plant density (plant/m?) under different sowing treatments.

Season one Season two
Treatment
Early Late Early Late
Direct broadcasting 185 18.6 18.6 18.7
Disc plowing 20.4 21.1 20.6 20.1
Water harvesting 19.7 19.9 19.6 18.9
Control 17.1 17.4 17.2 174
LSD at 0.05 NS NS NS NS
CV% 25 23 21 22

4.1.4. Carrying Capacity

The carrying capacity (CC) is calculated on the average forage production data recorded for two seasons and the
actual animal unit requirement. According to [29], not all herbage is forage, so we need to know the percentage
of forage in the herbage. Usually, it is assumed that 50% of the herbage is usable forage. (Of course this value
will differ from one range to another according to the vegetation type dominating the range). In El Rawashda
forest the Percentage of Usable Forage (PUF) is 50%. Table 5 shows the final productivity and CC, which were
significantly higher under disc ploughing compared to the other treatments. These variations in CC might be at-
tributed to conditions under each treatment. Under disc plowing the seeds were likely more protected and were
enjoying better soil moisture compared with the seeds in the other treatments.
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4.2. Satellite Images

4.2.1. Classification Accuracy Assessment and LULC Mapping

In this study, the image processing approach was found to be effective in producing compatible LULC data over
time, irrespective of the differences in spatial, spectral and radiometric resolution of the satellite data. According
to the produced LULC map shown in Figure 5, was found that trees, MRA, Grasses and Bare land were the do-
minate types of LULC classes for the years 1984, 1994 and 2013. According to Table 6, percentages of LULC
classes showed that in the year 1984, trees, MRA, Grasses and Bare land had occupied 94.2, 1.0, 2.3 and 2.5
percent of the study area, respectively. In the year 1994, trees, MRA, Grasses and Bare land had occupied 87.2,
1.6, 4.2 and 7, percent of the study area, respectively. In 2013 Trees, MRA, Grasses and Bare land had occupied
60.9, 9.6, 10.9 and 18.6 per cent of the study area, respectively. However, large decrease in Trees 94.2 to 87.2,
60.9 per cent was observed in the year 1984, 1994 and 2013 of the study area, respectively. Consequently large
increased in MRA 1.0, 1.6 and 9.6 per cent was observed in the year 1984, 1994 and 2013 of the study area, re-
spectively. Agriculture is the main economic activity, followed by livestock raising in the traditional seasonal
transhumant pattern, village livestock raising and, as a recent element, livestock raising by large-scale mecha-
nized merchant-farmers investing surplus wealth in cattle [30]. A significant increase of the MRA indicates of
deforestation, mainly due to illegal over cutting of trees, which has been a continuing trend in the study area.
The natural resources in developing countries like Sudan are continuously decreasing. Most of the population in
Sudan is dependent on rain-fed agriculture and removal of forests for mechanized rain-fed has increased at high
rate during the last few years [31]. A large increase of Grasses 2.3, 4.2 and 10.9 per cent was observed in the
year 1984, 1994 and 2013, respectively in the study area. A large increase in the Barren land 2.5, 7 and 18.6 per
cent was observed in the year 1984, 1994 and 2013, respectively. A high significant increase of the Barren land
indicated deforestation, mainly due to illegal over cutting of trees. Figure 6 and Table 6 show large decreasing
in Trees class 114465.2, 105913.5 and 74031.6 feddan in the year 1984, 1994 and 2013, respectively.

4.2.2. LULC Change Analyses
There exist a wide variety of methods to study LULC change [32] [33]. As all the images are classified sepa-
rately based only on the information contained in each image, the post-classification comparison method by

Table 5. Forage productivity in EI Rawashda forest in the first season.

Treatment Yield productivity Usable forage Carrying capacity
(ton/feddan) (ton/feddan) (feddan/A.U./year)
Direct broadcasting 1.6 0.8 5.48
Disc plowing 1.9 0.95 461
Water harvesting 1.76 0.88 4.98
Control 14 0.7 6.26

Table 6. Areas and percentages of LULC classes for the period 1984-2013.

1984 1994 2013
LULC
Area (feddan) Area (%) Area (feddan) Area (%) Area (feddan) Area (%)

Trees 114465.2 94.2 105913.5 87.2 74031.6 60.9
MRA 1253.8 1 1978.9 1.6 11643.0 9.6
Grasses 2769.9 2.3 5085.0 42 13225.3 10.9
Bare land 2983.7 25 8495.1 7 22572.6 18.6
Total 121472.6 100 121472.6 100 121472.6 100
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Foody [34], for change detection was used for this study. With the help of this method Thematic Maps of two
dates are compared on pixel-by-pixel basis to extract the change that may have occurred between time periods.
There exist four LULC classes in classified maps and every class is represented by one unique code (i.e. pixel
value) range from 1 to 4. To detect the change from 1984 to 1994, the LULC 1984 map is multiplied with 10.
Then both image 1984 and 1994 added together. All other pixel values show the change that occurred in the
image. Same procedure was adopted to detect the change from 1994 to 2013 and 1984 to 2013.In the study area,
LULC classes have changed significantly. The changes are normally quantified per pixel counts, areas or per-
centages. Different classes were represented as different colures in each image, making it easy to identify not
only where changes have taken place but also the class into which the pixels have changed. The change detec-
tion statistics for three decades of the study area are presented in Table 6. The statistics in Table 7, Table 8 and
Table 9, show that the MRA areas has increased significantly, covering approximately 77, 85 and 87 per cent of
the trees for the year 1984 to 1994, 1994 to 2013 and 1984 to 2013, respectively. Large grasses areas increased
significantly as well, covering approximately 84, 94 and 61 per cent of the Trees for the year 1984 to 1994, 1994
to 2013 and 1984 to 2013, respectively. Large Barren land areas also increased high significantly, covering ap-
proximately 91, 95 and 94 per cent of the Trees for the year 1984 to 1994, 1994 to 2013 and 1984 to 2013, re-
spectively. This result is in conformity with [35], showed that at present natural forest in Sudan is estimated to
have declined to approximately 0.8 billion m® standing crop, while it was 2.4 billion m3 in mid seventies. Since
the time when reservation of natural forests started in 1932, the policy was to concentrate on the management of
forests reserves under government control, to organize felling program, protection, conservation, development
and management. [36] mentioned Over-grazing is among the causes of desertification in the Sudan. Land de-
gradation is a global problem associated with desertification, loss of biological diversity and deforestation in dry
lands, which covers some 47 per cent of the Earth’s surface. Figure 7, in which the light blue (MRA) areas,
light red (Grasses) areas, light black (Bare land) have increased over the years. According to Table 10, conver-
sion of classes of Trees to MRA, Tress to Grasses and Trees to Bare land is 9913.7, 12467.6 and 21355.1 fed-
dans in 1984 to 2013, respectively. Table 11 and Figure 8 presented the annual LULC changes for the duration
of this study period. During study period 1984-1994, 1994 to 2013 and 1984 to 2013 the percentage of MRA in-
creased 5.78, 25.70 and 28.57, respectively. Also the percentage of grasses increased 8.36, 8.43 and 13.02. [37],
concluded that the main cause of desertification is human over-exploitation of lands through over-cultivation,
over cutting and over grazing of wood. All these are conflicting and sometimes antagonistic land use pattern.
The percentage of Bare land increased 18.47, 8.72 and 22.64, respectively. On the other hand, the percentage of
Trees decreased —0.75, —1.58 and —1.22, respectively (Table 11 and Figure 8).
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Figure 7. Post classification change analysis 1984-1994, 1994-2013 and 1984-2013 image clas-
sification. No change is: Trees to Trees, MRA to MRA, Grasses to Grasses and Bare land to Bare
land; Other is: MRA to Trees, Grasses to Trees, Bare land to Trees, MRA to Grasses, MRA to
Bare land, Grasses to MRA, Grasses to Bare land, Bare land to MRA and Bare land to Grasses.
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Table 7. Change detection (per cent) of LULC for the period 1984-1994.

Change from Trees MRA Grasses Bare land
Trees 88 77 84 91
MRA 0 14 1 0
Grasses 4 1 10 3
Bare land 7 8 6 6
Data in bold represent unchanged fractions of each class.
Table 8. Change detection (per cent) of LULC for the period 1994-2013.
Change from Trees MRA Grasses Bare land
Trees 96 85 94 95
MRA 0 11 0 0
Grasses 2 2 3 2
Bare land 2 2 3 3
Data in bold represent unchanged fractions of each class.
Table 9. Change detection (per cent) of LULC for the period 1984-2013.
Change from Trees MRA Grasses Bare land
Trees 94 87 61 94
MRA 1 2 10 1
Grasses 2 4 11 2
Bare land 2 7 19 2
Data in bold represent unchanged fractions of each class.
Table 10. Conversion of classes from one class to another.
LULC clases feddan) ety edon)
Trees to MRA 656.8 8939.8 9913.7
Trees to Grasses 4687.1 11088.9 12467.6
Trees to Bare land 7997.1 20482.1 21355.1
MRA to Trees 3 235.5 8.8
MRA to Grasses 0.2 66.2 41
MRA to Bare land 11 27.2 0.4
Grasses to Trees 2355 2980.7 1681.9
Grassesto MRA 28.7 146.8 229.1
Grasses to Bare land 60.4 650.8 453.0
Bare land to Trees 2431.3 5412.6 1612.1
Bare land to MRA 439 906.4 259.7
Bare land to Grasses 72.0 763.5 347.8
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Table 11. Annual LULC change rates (%) for the three study sites.

LULC classes 1984-1994 1994-2013 1984-2013
Trees -0.75 —1.58 -1.22
MRA 5.78 25.70 28.57

Grasses 8.36 8.43 13.02
Bare land 18.47 8.72 22.64
30 1

[ B 1984-1994
25 T
1994-2013

207 51984-2013

15 |

10 1

Annual LULC change rate (%)

Trees MRA Grasses Bare land

Classes

Figure 8. Annual LULC change rates for the three study sites.

5. Conclusion

The LULC changes for the different years are represented in Figure 7 and Figure 9(a), Figure 9(b), Figure
9(c), and Figure 9(d); it can be observed that Trees areas decreased in all the years. The Trees class was highly
dynamic, leaving behind only 74031.6 feddans of the original woodland areas in the year 2013 (Table 6). Ac-
cording to Table 10 and Figure 9(a), Figure 9(b) and Figure 9(c), conversion of classes of Trees to MRA,
Tress to Grasses and Trees to Barren land is 9913.7, 12467.6 and 21355.1 feddans in 1984 to 2013, respectively.
The current study shows a successful application of multi-temporal Landsat data and maximum likelihood algo-
rithm in mapping LULC classes of the years 1984, 1994 and 2013 in Sahelian environments. The maximum li-
kelihood classification along with masking technique has ability to produce a good classification results. The
results are presented in the form of maps, statistical tables and charts. These include the spatial distribution and
change of LULC classes in each time period of the study. A comparison between two images was made both
visually and digitally to identify the changes and transformation that has occurred from one class to the other
over the years. Analyzing and mapping the trend of LULC dynamics within the study area provide a basis for
strategic planning, management and conservation decision making, because changes in the LULC will have
strong local, social and environmental implications, such as alterations in social stability, conflicts on natural
resources, impacts on rates and types of land deforestation and thus can reduce biodiversity. This study shows
that remote sensing imagery from different sensor can be used to monitor the LULC changes over long periods
in Sahelian environments like Sudan. These low cost change analysis procedures made it possible to quantify
and map the change patterns in both trees land and other LULC classes. The forest in Sudan is decreasing at a
alarming rate. In Gadarif state, desolation of forest for the expansion of agricultural area is one of the major
sources for the degradation of renewable resources [38]. The period 1984 to 2013 shows the intensive clearance
of trees due to illegal activities. Also the high increase in MRA, this is due to more areas had became Bare land,
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Figure 9. (a), (b), (c), and (d) LULC changes in different classes.

these areas were cultivated by farmer according to a contract between forests national corporation (FNC) ad-
ministration and farmer, farmer must be pay 15 % of the crop productivity for FNC. The situation about LULC
in all the period of study Trees class was decreased and the anther classes MRA, Grasses and Bare land were in-
creased. Nomads are staying in the forest for varying periods of time with their livestock using the forest as pas-
ture. Deforestation resulted from intensive activities of nomads which included grazing and lopping trees. Dif-
ferent factors are responsible for the deterioration of rangeland and tree cover in El Rawashda forest, the main
factors are: over-cutting of wood (illicit felling), over grazing due to increase in animal population and this re-
sulted in depletion of forage and replacement by unpalatable grasses. Deterioration is also due to over cultiva-
tion by traditional or mechanized farming, population increase and climate change. The main reported recom-
mendation for rangeland and trees cover rehabilitation include: disc plowing with seed broadcasting, water har-
vesting technique with seed broadcasting and direct seed broadcasting. There is a significant difference among
treatments in forage productivity and vegetation cover. Disc plowing is significantly higher followed by water
harvesting then broadcasting seed and lastly control. Seeds used in the experiment include seeds of Convolvulus
spp (Tabar), Ipomea cardiosepla (Hantoot), Blepharis edulis (Siha), Tribulus terristris (Derasa) and Rhyncosia
memnonia (Adana) in addition to seeds of Acacia seyal (Talih).

6. Recommendations

Here are recommendations for further research on the use of remote sensing in monitoring LULC changes in
Sudan. Particularly these studies not only improve our understanding about LULC changes and its implications
in management and conservation efforts, but also will provide perspectives for the planner in sustainable devel-
opment of LULC at the whole country. However, we do think that there is still need for further work on the use
of remote sensing for LULC changes covering whole land area of Sudan. For instance how we could couple
these multi-temporal data with ground assessment. Forest and rangeland authorities should increase the use of
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disc plowing more than water harvesting techniques and direct broadcasting of seeds for the enrichment of the
rangeland and tree cover. Enactment of laws and grazing licenses to regulated the movement of the nomads, In-
troduction of deferred grazing system which will give a chance for the plants to regenerate and spread on the
area in comparison with the grazing system.
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