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Abstract

Since the last assessment of ecological zones of Sudan conducted in 1958 by Harrison
and Jackson, the vegetation types, cover, and its distribution have undergone remarka-
ble changes; this change occurs in most of the predominant ecological zones, partic-
ularly those which are currently affected by environmental degradation and deserti-
fication due to climate change impact on vegetation cover and rainfall amounts and
its distribution. In addition, during the last five decades, Sudan has suffered from
environmental devastating changes that have undermined food security, which is
strongly linked to human displacement and related conflicts. In this study, SPOT-
VEG NDVT data acquired between 2000 and 2010 were used to produce a vegetation
cover map, which was integrated with rainfall map to produce updated ecological
zones map for the study area in 2010. This map was compared to that produced in
1958 to analyze the change during the last five decades. The obtained results showed
drastic change concerning different ecological zones. The desert class increased by
11%. The Semi-Desert class decreased by approximately 13.2%. The woodland sa-
vannah class increased by 6.8%. While, the Mountain vegetation areas decreased ap-
proximately by 3%. Finally, the wetland areas completely disappeared in 2010. These
results show that during the period 1958-2010, climate change impact increased de-
sertification process, destroyed ecological zones, especially wetland, as well the eco-
systems diversity in Central Sudan.
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1. Introduction

Since the mid 1960s, the Sahilian zone has experienced a significantly warmer weather
with a systematic decrease in rainfall [1] [2] [3] [4]. This is due to climate variability
impact, which can have negative effects on society and ecosystems in several ways. In-
deed, this situation leads to increase widespread droughts, land degradation, desertifi-
cation [5] [6], soil erosion by wind and water, mass movement, and conflicts over re-
sources [7] [8] [9] [10]. Sudan is one of the least developed country in Africa and one of
the most fragile and vulnerable areas to climate change and climate variability. An ex-
amination of its ecological zones indicates that the majority of its land is quite vulnera-
ble to change in temperature and precipitation. Since 1980, decreasing rainfall has been
accompanied by rapid increase in air temperature, approximately more than 1°C [10].
This warming, which is two and a half times greater than the global warming, is making
“normal” years effectively drier. Between the mid of 1970s and late 2000s, summer
rainfall decreased by 10% to 20% across parts of western and southern Sudan, placing
already food insecure populations at greater risk [11]. Evidently, these situations have
drastically affected the distribution and degradation conditions of vegetation cover, agri-
cultural land, pasture, woodland savannah, ecological zones, water resources, and wet-
land [12] [13]. In addition, in the past decades, they have undermined food security and
are strongly linked to poverty, civil war and human displacement [9] [11] [13] [14].

The long-term observations of spatiotemporal variations on the Earth’s surface im-
prove the understanding of variability required by numerous global change studies to
explain annual and inter-annual trends to understand the climate change impact on the
bio-atmosphere cycles (Salim et al, 2008). Likewise, accurate quantitative estimation of
vegetation biophysical characteristics is necessary for a large variety of agricultural,
ecological, and meteorological applications [15] [16]. Because of its synoptic view, global
coverage and daily repetitiveness, remote sensing provide relatively inexpensive source
of information. It has been recognized as a reliable and practical method for various
bio-physiological environmental variables estimation, and the fragility of bio-ecosystem
diversity evaluation [15] [17] [18]. Many remote sensing devices operating in the visible
(blue, green and red) and near infrared (NIR) regions of electromagnetic spectrum can
discriminate among several properties of vegetation cover [19]. In fact, vegetation cover
assessment and mapping was one of the first uses of satellite remote sensing imagery
and has been one of the most common ever since [20] [21]. In this perspective, the
monitoring of Earth vegetation cover involves the utilization of vegetation indices as a
radiometric measurement of spatial and temporal patterns of vegetation photosynthetic
activity [22] [23]. These play an important role in the derivation of biophysical para-
meters, such as percentage of vegetation cover, leaf area index (LAI), absorbed photo-
synthetically active radiation (APAR), the rate of the biomass production, etc. Their in-
terest lies in the detection of changes in land use and the monitoring of the seasonal
dynamics of vegetation on local, regional and/or global scales. In the literature, over
fifty vegetation indices were developed to measure the vegetation cover in different ap-

plications and under quite particular conditions, mainly in forestry and agriculture
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[19]. However, the Normalized Difference Vegetation Index (NDVI), which is spectro-
radiometric reflection measurements in the red (R) and NIR wavelengths [24], is the
most popular and the most used index, especially for vegetation cover investigation at
the global scale [25] [26].

Additionally, the relationship between vegetation mapping and geographic informa-
tion system (GIS) is mutually beneficial for ecological system assessment and environ-
mental modelling. The integration of auxiliary data in GIS environment with derived
biophysical parameters from remote sensing images has greatly improved the vegeta-
tion mapping process [27]. Indeed, the vegetation indices are used extensively within
GIS for environmental modeling purposes, climate change impact analysis, land use
change detection, etc. The integration of these biophysical parameters through the GIS
applications has greatly improved the ecological environmental study process and en-
hanced the ability to detect and to measure changes in this environment in time over
long periods and vast areas [28]. For instance, the vastness of the geographical extends
of our study area, which is approximately 1,236,400 Km® pose great difficulty in collec-
tion of data by a ground-based method. Therefore, remote sensing becomes an excel-
lent alternative and the only feasible data source that can be used to map changes in
vast and remote areas, particularly in developing countries where cartographic docu-
ments are inexistent, incomplete or out of date. Moreover, the synergy between remote
sensing and GIS provides a valuable information for analysis, automated mapping and
integration of several thematic maps to obtain useful data about environmental changes
[29] [30]. The main objectives of this study are to measure the ecological zones change
and degradation over the study area throughout the last five decades (1958-2010). To
achieve these objectives, SPOT-VEG NDVT data acquired between 2000 and 2010 were
used to produce a vegetation map that was integrated with rainfall maps in GIS to pro-
duce updated ecological zones map. Then, the latter was compared to that established
in 1958.

Since Harrison and Jackson (1958), there are very few studies on the extent, causes,
amount, and trend of the shift in the ecological zones. Most of those studies cover a
small part of the country because they use ground based methods. The contribution of
this study is that it maps the change in the ecological zones of Sudan using SPOT-VEG
NDVI multi-temporal remote sensing data. The method allows for covering extensive

areas of the country, and allows for comparison over time.

2. Materials and Methods
2.1. Study Area

The study area covers central, eastern, and western Sudan States, located between 10° to
18° North and 22° to 38" East (Figure 1). The population is around 31 million living in
approximately 1,263,400 Km? covering the following States: Red Sea, North Darfur,
West Darfur, South Darfur, North Kordofan, South Kordofan, River Nile, Northern,
Kassala, Khartoum, AI Gedarif, Gezira, White Nile, Blue Nile, and Sennar [31]. Most of
the population is living in the central belt where the rainfall is just sufficient along with
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Figure 1. The study area.

many wells and small reservoirs (Hafirs). Large groups of population are dependent on
agricultural production and livestock to meet basic needs as well as to generate limited
household income. Due to the wide latitudinal range, the climatic zones in this area
vary from hyper arid in the northern parts (16°N), to areas dominated by arid and semi
arid climate in central parts (16°N to 13°N), the rest of the territory (13°N to 10°N), is
dry sub-humid.

The mean annual temperature varies between 26°C and 32°C [32]. Agriculture do-
minates the economy of the Sudan, about 80% of the people engaged in crop and ani-
mal production. It is practiced under diverse conditions of climate and soil and several
different farming systems. The irrigated sectors are estimated at 5 million hectares in-
cluding those irrigated from the Nile and its tributaries. Mechanized rain-fed sector
covers areas in the central clay-plain, estimated at 6.3 million hectares. Traditional rain-
fed sector is estimated at 8 million hectares covering all areas under classical produc-
tion where non-mechanized farming tools are predominantly used [33].

The rainfall patterns are classified in 4 seasons: monsoon season (June to September),

advancing monsoon season (March to May), post monsoon season (October to No-
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vember) and winter season (December to February) [32] [34]. Rainfall usually occurs in
isolated showers, which vary considerably in duration, location, and from year to year.
Obviously, the number of consecutive months with adequate rainfall determines the
growth season for natural vegetation as well as crops [32]. The rainfall increases from
the dry north to the humid South. The annual amount is less than 100 mm annually in
the north, averaging 200 mm around Khartoum, rising to 400 mm in central regions,
and to more than 800 mm in the extreme southwest of the country [32] [35] [36] (Figure
2). However, there are major contrasts in rainfall and potential evapotranspiration,
thus producing distinct climatic types ranging from hyper-arid, arid, semi-arid and
dry sub-humid, as classified using precipitation to evapotranspiration ratio [37] [38].
Rainfall is very variable and is becoming increasingly unpredictable, with a coefficient
of variation decreasing significantly from north to south, from 190% to less than 15%
(9] [39].

2.2. Ecological Map Produced in 1958

Harrison and Jackson (1958) [40] classified the Sudan vegetation into five major eco-
logical classes as illustrated in Figure 3. The desert-vegetation class supporting the
desert conditions prevails over the northern parts of Sudan where the rainfall does not
exceed 75 mm/year. This class is composed of vegetation confined to wadis, oasis, and
narrow strip along the Nile. The semi-desert vegetation class covers regions in the
south of the desert, stretched also to the northern central parts. In this region, the rain-
fall varies from 75 to 300 mm/year and the vegetation cover consists of a mixture of
grasses, herbs, and occasional bushes that grow along channels (abundant species is
Acacia tortilis). This region is important for grazing and browsing by nomadic herds of

camels, sheep, and goats. The woodland savannah class extends across the central belt
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Figure 2. Mean annual rainfall isohyets for the period between 2000 and 2010 (Hameid and
Bannari, 2016).
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Figure 3. Harrison and Jackson (1958) ecological zones map of the study area.

and covers most of the Southern States, in this area the rainfall varies from 300 to over
1000 mm/year. This class is divided into two main zones: the “low rainfall savannah”
and the “high rainfall savannah”. In the low rainfall savannah, the precipitation varies
from 300 to 800 mm/year, and the vegetation cover is dominated by thorny Acacias and
broadleaf further south (Acacia senegal, the gum Arabic tree grows in this region). The
high rainfall savannah is characterized by rainfall over 800 mm/year, and it is domi-
nated by vast pasture areas and productive soils with immense potential for crop pro-
duction and forests. The mountain vegetation composed of tropical forest is located in
areas in the Red Sea hills in the East, and Jebal Marra in the West of Darfur State. Fi-
nally, the wetlands class (flooded region) is approximately five percent of the area which
is seasonally flooded by the Nile tributaries. It covers more than 21,000 km?2; it is a vast
swamp named the “Sudd” characterized by very flat topography, multiple channels and
lakes, with a maze of thick emergent aquatic vegetation. This class is a unique ecosys-
tem for wildlife, including migratory birds.

The VEGETATION (VGT) sensor is a multispectral instrument flown onboard SPOT-
4 and SPOT-5 satellite platforms [41]. This instrument uses the linear-array technology
and thus produces high-quality imagery at coarse spatial resolution with greatly re-
duced radiometric and geometric distortions [42]. It was designed for vegetation and
land surface characterization [43], recording the electromagnetic radiation reflectivity
in four spectral bands: blue (0.43 - 0.47 um), red (0.61 - 0.68 um), NIR (0.78 - 0.89
mm), and shortwave infrared (SWIR: 1.58 - 1.75 um). The blue band was designed for
atmospheric scattering corrections. The R and NIR are particularly well adapted to de-
scribe the vegetation photosynthesis activity, while the SWIR is sensitive to soil and ve-
getation cover and moisture content, which improves the discrimination between ve-
getation and other land cover classes. The VGT instrument provides global coverage

with a daily temporal resolution since 1998, enabling the observation of long-term en-
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vironmental and climate changes on a regional and worldwide scale [44] [45] [46]. It
covers a swath width of 2250 km with 1 km pixel size, following a sun-synchronous
circular orbit at 830 km altitude under an inclination of 98.7°. The calculated NDVI
time series data with this sensor were used in this study.

SPOT-VGT provides three different standard products which are VGT-P (physical
product), VGT-S1 (daily synthesis product) and VGT-S10 (10-day synthesis product).
The VGT-S10 data are generated by selecting the VGT-S1 pixels that have the maxi-
mum NDVI value in 10-days. This 10-day composites product is generated from the
atmospherically corrected surface reflectances in the R and NIR. Indeed, these spectral
bands are corrected from molecular and aerosol scattering, as well as water vapor,
ozone and absorption correction through maximum value compositing [42]. The sur-
face reflectances were corrected for band-to-band miss-registration effects and linearity
of radiometric response [42]. Moreover, the SPOT-VGT cloud clearing and bidirec-
tional reflectance correction procedures were substantially applied to reduce the noise
in reflectances and, consequently, on the NDVI values [47]. The final products have a
high geometrical quality using WGRS-84 as reference, suitable for multi-temporal ana-
lyses in GIS environment with other mapping documents. In this research, 396 NDVI
products were acquired over our study area for the period between 2000 and 2010.

To extract the rainfall data for the considered period between 2000 and 2010, rainfall
data for the period 1990 to 2010 were obtained from Sudan Meteorological Authority,
twenty meteorological stations were selected based on their spatial distribution cover-
ing the entire region of interest. These are geographically located in the following re-
gions: 2 stations (Atbara and Shendi) at far north parts in desert zone, 8 stations (Hal-
faGadida, Kassala, Khartoum, Wad Madani, Kosti, Al Obayid, Al Fashir and EnNahud)
in the central and eastern parts of the semi-deserts zone, and the rest in the humid zone
of the study area (Sennar, Gedarif, Babanosa, Abu Naama, Ed Dueim, Renk, Ed Dama-
zin, Kadugli, Nyala and Rashad).

2.4. Data Processing

Three software packages were used in this research: VGT-Extract, ERDAS Image pro-
cessing, and ArcGIS. The VGT-Extract facilitates the integration of SPOT-VGT prod-
ucts into commonly used remote sensing software for further analysis, post-processing,
and visualization. As well, it was used for automatic unpack (un-compress) the product,
to mosaic the data layers, to extract the geographic bounding box of the study site, and
to convert the data to different formats. The ERDAS system was used to import, con-
vert, preprocess and process SPOT-VGT NDVI products. The decadal NDVI (396
products) were integrated to produce a monthly maximum NDVI maps (total of 132
maps). The use of maximum value composites reduces some of the extraneous variabil-
ity inherent in the NDVT caused by differences in atmospheric conditions [47] [48].
Furthermore, the monthly maximum NDVI maps for every year were added to pro-
duce the annual maximum product. The annual maximum image during 11 years was

added to produce long term maximum map product. The process was carried out on a

KD
+%%, Scientific Research Publishing

361



N. A. H. Mohamed et al.

pixel-by-pixel basis and the result of the division was normally rounded to the nearest
integer [26]. The study area is very large and it is difficult to select pure training sites, to
overcome this problem unsupervised classification based on ISODATA algorithm was
used to process the long term maximum NDVI product from 2000 to 2010 [49]. Con-
sequently, 25 pure clusters were generated indicating various vegetation classes. The
synergy among this steps and other existing vegetation maps and Africover database
[50], as well Harrison and Jackson (1958) ecological zones map helped to select the
most significant training sites for supervised classification [51]. The output thematic
map product generated by supervised classification was filtered using the average filter
(5 x 5 windows) to remove the fragmented or non-classified pixels [52], then converted
to vector-polygon layer format for further analysis in GIS environment. Moreover, the
spatial relationships between the derived vegetation classes and their attributes were in-
troduced using GIS topology options.

The geographical locations of the meteorological stations and the derived vegetation
map based on supervised classification were obtained from different sources and had
different reference projections. Thus, ArcGIS was used to re-project the two maps in
the same geographic coordinate system (Latitude and Longitude). For this purposes,
the meteorological station locations documented in Excel file format were converted to
point geometry feature class using COGO method. Moreover, the rainfall values meas-
ured by the twenty meteorological stations during the period 2000-2010 over the study
site was interpolated using inverse distance weight (IDW) method in GIS to create the
mean annual rainfall map [39]. The output cell size was selected similarly to the derived
vegetation map based on VGT-NDVI spatial resolution (1 Km?). Figure 4 illustrates

data possessing flow chart.

3. Results and Discussion

This research focus on the evaluation of the magnitude of ecological zones changes in
central Sudan throughout the last five decade using Harrison and Jackson (1958) eco-
logical zones map as reference. Figure 5 shows the compiled long term maximum
NDVI map during the last decade between 2000 and 2010 using SPOT-VGT NDVI
time series data. The visual analysis of this map shows consistent stratification of vege-
tation cover from the very scattered class (or absent) in the north to the dense vegeta-
tion cover class in the south. In the middle of the study area, the rainfall plays an im-
portant role in the growth of vegetation cover. While, in the south and northeast as well
as some patterns in the west, the vegetation cover density looks change less drastically
as a function of rainfall. Indeed, these regions are irrigated from many secondary rivers
originating from the Ethiopians-mountains, and from the Nile Rivers (Blue Nile, White
Nile, and Atbara River). For instance, in the El-jazira region which is a triangle receiv-
ing different secondary water sources (irrigated agricultural fields) shows a constant
vegetation patterns during the considered decade (2000-2010). However, in the north-
ern areas the vegetation cover density is very low or completely absent due to very low

rainfall rate caused by climate change effects [39].
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Figure 6 illustrated the vegetation cover map derived from the long term maximum
NDVI values (2000-2010) using supervised classification. It shows the five dominated
vegetation classes, such as: desert, semi-desert, low rainfall woodland savannah, high
rainfall woodland savannah, and mountain vegetation. This map was integrated with
the annual mean rainfall map in GIS to create the updated ecological zones map for the
decade 2000-2010 (Figure 7).

The latter was superimposed on Harrison and Jackson (1958) ecological zones map
(Figure 3) and compared using advanced vector analysis and post-classification change

detection approaches proposed by Mausel et al (2003) [53].
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Figure 6. Vegetation cover classes map derived from the long term maximum NDVT values
between 2000 and 2010 using supervised classification.
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Figure 7. Derived ecological zones map updated for 2010.
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Table 1 shows the areas covered by the different ecological zones produce by Harri-
son and Jackson (1958) for the study area, and the areas of the updated ecological zones
map in 2010 for the same study area. Along with, the statistics of ecological zones
changes during a half of century. Figure 8 illustrates the calculated change in the dif-
ferent ecological zones in the last five decades.

The updated derived ecological zones map (Figure 7) shows a drastic change be-
tween 1958 and 2010. The first important and major observation is the complete dis-
appearance of the wetlands (flooded region) class, which was covering in 1958 by ap-
proximately 1.7% of the total study area, (21,092 km?). This very significant variation is
a strong indicator of climate change impact on the region. Obviously, the consequences
of this change affect human activities in this region, as well the destruction and the ex-
tinction of many biological ecosystems related to this ecological class. Moreover, Table
1 and Figure 6 show that the mountain vegetation class, which is a tropical forest cover
located in four different spots (NW, center, NE, and SE) in 1958, was severely decreased
by approximately half, from 9301 km” in 1958 to 5594 km” in 2010. Although this eco-
logical class is located in high rainfall areas, it shows a significant degradation (around
3% of the total study area). In addition to climatic variations and impact, these for-
est cover zones are subject to destruction by local population. In fact, in the center-
south region, the forest cover was removed intentionally for agricultural purposes.
Moreover, it was damaged by humans for wood-energy demand, for traditional ma-

terial construction and as rangeland for animals. As well, the armed conflicts in Nuba

Table 1. Comparison between ecological zones change in time between 1958 and 2010.

Ecological Zones in 1958 Ecological Zones in 2010 Change in time
Ecological Zones ) % from ) % from % from
Km Km
study area study area study area
Desert 175,308 13.9 314,076 24.9 +11.0%
Semi-Desert 417,297 33.0 250,196 19.8 -13.2%
Woodland Savannah 556,689 44.0 643,184 50.9 +6.8%
Mountain Vegetation 93,014 7.4 55,944 44 -3.0%
Wetland (Flooded Region) 21,092 1.7 0 0 -1.7%
60.0
50.0 u Ecological Zones in 1985
o =Ecological Zones in 2010
[
5 40.0
>
$30.0
»
%520.0
53
10.0
5 -
Desert Semi - Desert Woodland Mountain Vegetation Wetland
Ecological Zones Savannah (Flood Region)

Figure 8. Statistics of ecological zones classes change between 1958 and 2010.
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Mountain, Blue Nile, and Darfur were the origin of several forest fires. Evidently, the
combination of all these factors significantly contributes to the degradation of this class
[14].

Unlike wetlands and mountain vegetation areas, the desert class increased signifi-
cantly towards the south (north of Darfour, Kordofan, and red Sea) by 11%, from
175,308 km’ to 314,076 km®. According to the Harrison and Jackson, this class was
covering 13.9% of the total study area but it covers 24.9% in 2010. The increasing ex-
tend of this class by 11% of the study area was caused by the extreme temperatures, very
low rainfall rate, and disappearance of scattered vegetation that cover this area in the
past. Indeed, historically the rainfall was severely reduced and the cycles of droughts
affected permanently this region during the last decades [10] [11] [39], similarly all the
African zones located at this geographic latitude. These conditions are automatically
related to climate change, and affect not only environmental issues but also the popula-
tion migration problems, food security difficulties and catalyze ethnical conflicts in
central Sudan.

The comparison of semi-desert class between 1958 and 2010 shows that the total area
of this class decreased relatively by 13.2% of the study area, it passed from 417,297 km*
to 250,196 km®. This lost area was substituted by the advancing desert class from the
north to the center of Sudan. In the eastern zone of this class, the expansion of rain-fed
agriculture has played a devastating role in removing and eliminating forest cover,
shrubs, rangeland and destroy ecosystems and habitats of wild animals for the last five
decades [14]. The increasing demand of the agricultural land expansion is automatically
related to the rapid population growth which has direct consequences on the demand
for more land for crop production, and environment degradation. Indeed, this semi-
desert class has been subjected to more soil erosion, desertification, and land degrada-
tion caused by climate change due to long-term droughts, highly variable rainfall, as
well as overgrazing and intensive farming. Moreover, the civil war in the rural areas of
these zones caused the displacement about 6 million people, approximately 20% of the
Sudan population. Subsequently, one of the most significant environmental impacts of
this displaced population is the severe deforestation that has occurred around the large
camps in the drier parts of the country. According to USGS (2011) [11], climate change
and natural resources are often assumed a key cause of conflict in Sudan.

Finally, the woodland savannah ecological class encompassing the two subclasses
“low rainfall savannah and high rainfall savannah” forms the green central belt of the
country, it was increased by 6.8% of the total study area. In other words, this area was
enhanced from 556,689 km?” in 1958 to 643,184 km?® in 2010. This improvement has
occurred at the expense of the two other missing classes; wetland and forest cover zones
(4.7% of the study area). This ecological zone benefits from a suitable geographic loca-
tion that often guarantees significant rainfall rate between 400 and 800 mm/year (Figure
2), as well as from the most productive soils in Sudan. Moreover, the Nile and their
tributaries irrigated the southeast and the south of this zone where is located the most

irrigated agricultural lands in Sudan. Obviously, all these favorable conditions have
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guaranteed the spatiotemporal stability of this class, as well its relative enhancement in
the north border. Indeed, although the rainfall rate decreased globally in this region
from about 1200 mm/year in 1958 to 800 mm/year in 2010, the precipitation rate in the
contact-zones between semi-desert and woodland-savannah classes in the north was
increased by approximately 100 mm/year, as a consequence of climatic disturbances [39].
These favorable conditions have significantly contributed in the woodland class expan-
sion by 2.1% of the study area. This result confirms previous regional-scale findings by

many scientists and researchers [54] [55] [56].

4. Conclusions

The main objectives of this study focus on the ecological zones change and degradation
in central Sudan over the last five decades (1958-2010). To achieve these objectives,
SPOT-VEG NDVI data acquired between 2000 and 2010 were used to produce a vege-
tation map, which was integrated with the annual mean rainfall to produce a new eco-
logical zones map for the considered decade. A comparative study between this updated
map and one produced in 1958 by Harrison and Jackson were made. The obtained
results showed that overall trend observed during the last 50 years indicated a large
change in the recent ecological zones and the areas covered by vegetation classes com-
pared to those mapped in 1958. The harmful impact was manifested in the disappear-
ance of the wetlands (flooded region) class. The forest cover was severely decreased by
approximately the half. The desert and semi-desert boundaries was shift southwards
due to declining of precipitation, increasing of temperature. The semi-desert areas were
subject to deforestation, expansion of intensive rain-fed agriculture, civil war and pop-
ulation displacement. The woodland savannah ecological class encompassing the two
subclasses “low rainfall savannah and high rainfall savannah” forms the green central
belt of the country; it was the only increased ecological zones in 2010. Its improvement
has been occurred in detriment of the two other missing classes: wetland and forest
cover zones.

Currently, negative impacts of global warming and climate change represent a se-
rious sustainable development problem that affects the country. Sudan’s water resource
scarcity management, soil and agricultural productivity conservation, ecosystems and
biodiversity protection, human social vulnerability, and public health challenges can
greatly benefit from the implementation of constructive policy of adaptation to climate
change. Certainly, promoting an appropriate sustainable development policy and a na-
tional management strategy will be a concerted action to reduce vulnerability to the an-
ticipated negative impacts of climate change. According to many scientists, there is the
need therefore to integrate indigenous knowledge about drought with modern scientific
knowledge and technologic development for the design and implementation of best

practices in climate change mitigation and adaptation strategies [57] [58] [59] [60].
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