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Abstract

The aim of this research paper is to investigate the land cover changes in
Sudan during the period 2001-2013 by using the MODIS data and to identi-
fy climatic factors influencing the land cover. SPSS v 17 software was used to
investigate the correlation of climatic factors with vegetation cover; also
ArcGIS v 10.2 software was used to analyze the NDVI data. The results in-
dicate that the monthly average time scale, NDVI value curve distribution
during the year, July to October as the center to both sides of decreasing ve-
getation cover in other months. In the spatial distribution of mean NDVI in
Sudan, a high value was found in the southern part. On the other hand, a
low value of vegetation cover was found in northern part. NDVI spaces
mean presenting features values: autumn followed by summer then winter.
By calculation of average annual and seasonal-NDVT values, it was deduced
that the main vegetation cover type was increasing in winter and summer
seasons at the rates of 0.014/10a and 0.008/10a, respectively. While win-
ter-NDVI was decreasing the rate of 0.001/10a and 0.026/10a in autumn and
on the annual scale, respectively. Annual NDVI showed a significant degra-
dation (area = 12705.7 km?, 0.5% of total area) in the middle and eastern
parts and significant improvement (area = 22485.4 km?, 0.9 % of the total
area) in the southern part of the country due to the increase in precipitation
and decrease in temperature. Mean summer and autumn-NDVTI showed a
significant difference 0.01% significance level with mean summer and au-
tumn precipitation (correlation coefficients = 0.955 and 0.953, respectively).
While there was a significantly negative relationship between mean summer
and autumn-NDVI with mean summer and autumn temperature at 0.01%
significance level (correlation coefficients = —0.270 and —0.820, respective-

ly).
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1. Introduction

Drought that started in 1968 and persisted very strongly throughout the 1970s
and 1980-1981 continued into 1982 which was the third driest year of the period
1968-1982, and also appeared to have received substantially less rainfall than the
drought years of the 1940s [1]. Sudan is one of the most vulnerable countries to
climate change and climate variability. This situation is aggravated by the inte-
raction of multiple stresses occurring at various levels, such as endemic poverty;
institutional weaknesses; limited access to capital, including markets, infrastruc-
ture and technology, ecosystem degradation, complex disasters and conflicts.
These, in turn, have weakened people’s adaptive capacity, increasing their vul-
nerability to projected climate change. In recent times, human activities have
caused, and are continuing to cause great changes to the composition of the at-
mosphere. The major concern of both scientific and public communities is the
enhanced greenhouse effect caused by anthropogenic activities. In 1977, 57 mil-
lion people in dry lands were suffering the direct effects of land degradation to
the extent where it no longer produced enough food to sustain them. By 1984,
their number had risen to 135 million [2]. The Sahara desert has been described
as encroaching southwards at an increasing rate. This desertification phenome-
non has been considered to be mainly human-induced. Sudan is one of the driest
but also the most variable countries in Africa in terms of rainfall. Extreme years
(either good or bad) are more common than average years [3]. Rural water
supply in semi-arid Sudan is closely dependent upon annual rainfall. In semi-
arid Sudan, water availability is the primary constraint upon human habitation
and activity. Large areas of central Sudan are characterized by an inadequate
supply of water to meet even the basic daily requirements of man and livestock
[4]. During the last decade, the African regions and countries have been the
subject of a number of assessments and interpretations of temperature trends.
Over eastern Africa, nighttime warming and daytime cooling in the northern
part of the region and cooling during both times of the day in the Mozambique
Channel region were evident [5]. The devastating Sahelian desiccation over the
last generation of the 20th century has motivated many scientists to identify the
changes in drought conditions in Sudan [6] [7], perhaps due to the diversified
vegetation and climatic features of the country. Several studies showed that the
Sudan is suffering from degradation of its land resources through overgrazing,
range fires, deforestation, inappropriate agricultural practices and the highly va-
riable rainfall and recurrent droughts [8]. As reported by [9] that the recurrence
last drought periods in Sudan for the most times was moderate except the fact
that in 1984, 1991, and 2000 most of Sudan and South Sudan has witnessed ex-

treme and severe drought periods. There is a wide seasonal and spatial variability
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in drought intensity, as some areas became drier in summer and wetter in au-
tumn and winter.

The objectives of this research are to investigate the land cover change in Su-
dan during the period 2001-2013 by using the MODIS data, in addition, to in-
vestigate climatic factors affecting the land cover as recommended by [10], 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 but also its implications in management and conservation efforts.
LULC changes in the eastern part of Sudan by using multi-temporal Landsat da-
ta showed that a significant extensive change of natural vegetation patterns has
occurred during 1987-2013 [11].

All records of monthly precipitation and temperature on a spatial resolution
of 0.5 x 0.5 degree grids containing 845 stations were downloaded from Climatic
Research Unit,
https://crudata.uea.ac.uk/cru/data/hrg/cru_ts_3.22/cruts.1406251334.v3.22/.

ArcGIS v 10.2 software was used for analyzing and mapping the vegetation cov-

er. SPSS software was used to investigate the correlation of climate factor with

vegetation cover.

2. Material and Methods
2.1. Study Area

Figure 1 showed the map of Sudan. The country is located in the northeastern
part of Africa. The area of the Sudan is 2,501,010 km” (including both Sudan and
South-Sudan), extending from latitude of 2°40' - 22°30'N and from longitude
21°50' - 38°50'E, altitude varies between 40 and 870 m. According to [12] during
the hot summer, the maximum temperature exceeds 40°C. As many other Sahe-
lian African countries, Sudan is a drought prone area. Findings indicate that
drought has become more recurrent in recent decades, of which those of the
early to mid-1970s, mid-1980s; early 1990s and early 2000s can be noted as
common drought years and were among the driest 10 years in the central region
of Sudan [13]. Sudan expanded its agricultural production mainly through an
increase in rain-fed cropland, 42 percent under large-scale mechanized agricul-
ture and the remainder under small-scale traditional cultivation, and kept its per
capita total crop area at about 0.49 hectares which is quite high by regional and
global standards [14].

2.2. Normalized Difference Vegetation Index (NDVI)

The MODIS data has a 16-day temporal and 250 m spatial resolution
(MOD13Q]1, collection 5). MODIS data for the period of 2001-2013 is obtained
from ftp://ladsweb.nascom.nasa.gov/allData/5/MOD13Q1. This data is main-
tained by the NASA in Land Processes Distributed Active Archive Center (LP
DAAC) at the USGS/Earth Resources Observation and Science (EROS) Centre.
Original MODIS_NDVT is scene in (h20v06, 07 and 08, and h21v06, 07 and 08)
for Sudan. The website: http://phenology.cr.usgs.gov/ndvi_foundation.php is
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Figure 1. The distribution of meteorological stations in study areas.

used to download the NDVI value. A vegetation index is an indicator that de-
scribes the greenness, the relative density and health of vegetation for each pic-
ture element (pixel) in a satellite image. Although there are several vegetation
indices, one of the most widely used is the Normalized Difference Vegetation
Index (NDVI), NDVT values range from 1.0 to —1.0.

2.3. Linear Trend (Slope)

Linear regression trend analysis by using ArcGIS v 10.2 software can simulate
trends in each grid [15]; and can reflect different periods of vegetation cover

spatial trends characteristics. Formula:

6 Slope = nxzir':li x NDVI; _zin:li Z:in:lNDVIi

“Xzin:liz _(zi":li)z

where 7is the annual number; n is monitoring period (the cumulative number of

(1)

years); NDVI as NDVI mean value of the 7year; slope is each pixel NDVI trends
of the slope, if & Slope >0, indicating that the pixel NDVI value in 2 years is
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increasing, otherwise it is decreasing. This study is categorized into a significant
increase, slight increase, essentially the same, slightly reduced and a significant
reduction, and the statistics of the study area in 2001-2013 vegetation changes
and the percentage of each class area.

2.4. Correlation

Correlation between geographical elements, it is possible to explain the closeness
of the relationship between geographic features, and closely related to the degree
of mutual determination between geographical elements, mainly through the
correlation coefficient calculation. In this research, study of NDVI and average
annual temperature and annual precipitation by-pixel spatial correlation, the
correlation coefficient used to reflect the sequence of climatic factors and NDVI
degree of correlation, the correlation coefficient value is between -land 1. For-

mula:
fy = Zinzl(xi _Y)(yi _7)
EROMCEU IR

where: n is the number of time series, x and y are two elements of the correla-

(2)

tion, and represent the average of the two elements of the sample values, and fi-
nally delineated thresholds based on the number of data, the results of the cor-
relation level of significant.

3. Result and Discussions

Sudan has complex and diverse climate types, uneven distribution of water re-
sources and serious water shortages in the northern part, harsh natural condi-
tions and a high frequency of drought. A drought is one of the most important
natural disasters in Sudan. Drought disasters in Sudan agricultural production
especially for relatively large impact not only affect the stability and security of
food production, but also is a one of the main factors restricting the develop-

ment of Sudan economy.

3.1. Vegetation Cover of Monthly Time Scale

Figure 2 showed the vegetation variation in Sudan, on monthly average time
scale, NDVI value showed a peak curve distribution in the year. July to Octo-
ber as the center to both sides of decreasing vegetation cover in descending
order of the year, which corresponds to the average monthly vegetation NDVI
values were: 0.2, 0.19, 0.19, 0.2, 0.21, 0.26, 0.32, 0.36, 0.36, 0.32, 0.26 and 0.22
for the months from January to December, respectively. Overall, in the grow-
ing season (July to October), the highest vegetation cover was recorded in au-

tumn.

3.2. Spatial Distribution of Vegetation Cover

The spatial distribution of mean NDVI in Sudan, Figure 3 showed that the mean
annual and seasonal-NDVI, as a whole, have high values in the southern part.
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Figure 2. The distribution of the mean monthly-NDVI in Sudan during 2001-2013.
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Figure 3. Spatial distribution of mean annual and seasonal-NDVI in Sudan during 2001-2013.
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The vegetation cover is high in the south of Sudan due to humid climatic zone
near the equator; the vegetation cover is widely distributed in woodland, grass-
lands and crops, vegetation in forests, and grasslands with a high NDVI value.
The Northern part has a low value of vegetation cover; NDVI is negative in areas
covered by sand, rock and desert due to their location in the biggest desert in the

world. Figure 4 showed the distribution of the mean monthly NDVI in Sudan
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Figure 4. Trend of different vegetation types, annual and seasonal-NDVI change in Su-
dan 2001-2013.
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during 2001-2013 (showing different trends in autumn follow by summer then
winter). The NDVT has different value due to seasonal differences in the degree
of green crops and woodland, grassland due to seasonal changes in climatic fac-
tors. By calculating the average annual and seasonal-NDVT value, it was found
that the main vegetation cover type has an upward trend at a rate of 0.014/10a
and 0.008/10a, for winter and summer, respectively. While NDVT has a down-
ward trend at a rate of 0.001/10a and 0.026/10a for annual and autumn, respec-

tively.

3.3. Spatial Variation of Vegetation Cover
3.3.1. Annual

Based on principle slope (calculated by linear regression) value (between —1 and
1) of mean annual-NDVT in Sudan during 2001 - 2013, the land was reclassified
from low to high values into seven categories: significant degradation, moderate
degradation, mild degradation, no change, mild improvement, moderate im-
provement and significant improvement. Figure 5 and Table 1 showed the spa-
tial variation of vegetation cover: significant degradation area is 12705.7 km?
(accounts to 0.5% of the total area) and most of this area is located in the middle
and eastern part; moderate degradation area is 28343.4 km? (accounts to 1.1% of
the total area); mild degradation area is 94,550.6 km® (accounts to 3.8% of the
total area); no change area is 2,118,701.5 km* (accounts to 84.7% of the total
area); mild improvement area is 150,225.9 km?* (accounts to 6.0% of the total
area); moderate improvement area is 73,997.4 km® (accounts to 3.0% of the total
area) and significant improvement area is 22,485.4 km® (accounts to 0.9% of the

total area).
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Figure 5. Spatial-temporal change characteristic of mean annual-NDVI based on the
slope in Sudan during 2001-2013.
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Table 1. Statistical result of trend in mean annual-NDVI change simulated in Sudan
during 2001-2013.

Mean NDVI
Category Osiope Tange
Area Km? % of total area
1 Significant degradation 6<-0.035 12705.7 0.5
2 Moderate degradation -0.035 < 6> -0.025 283434 1.1
3 Mild degradation -0.025 < > -0.015 94550.6 3.8
4 No change -0.015 < 6 >0.015 2118701.5 84.7
5 Mild improvement 0.015 <@ >0.025 150225.9 6.0
6 Moderate improvement 0.025 <@ >0.035 73997 .4 3.0
7 Significant improvement 6>0.03 22485.4 0.9
Total 2501010 100

3.3.2. Seasonal

The mean vegetation cover in Sudan during 2001-2013 is calculated by using a
linear regression analysis. Before the seasonal analysis of vegetation, the reclassi-
fied NDVI was further divided into seven categories (from low to high values):
significant degradation, moderate degradation, mild degradation, no change,
mild improvement, moderate improvement and significant improvement. Fig-
ure 6 and Table 2 showed Sudan mean seasonal-NDVI. The spatial variation of
significant degradation is 0.9%, 0.9%, and 5.1% of the total area in winter, sum-
mer and autumn, respectively. The high change of degradation in autumn is lo-
cating in the middle-eastern part of Sudan due to the decrease in precipitation
and increase in temperature. While, the significant improvement is 2.2%, 3.3%
and 2.0% of the total area in winter, summer and autumn, respectively. The high
improvement is located in the southern part of Sudan due to the increase in pre-
cipitation and decrease in temperature. No change is 80.8%, 80.5% and 71.3% of

the total area in winter, summer and autumn, respectively.

3.4. Relationship between Vegetation Cover and Climatic Factors

The correlation coefficients between NDVI and spatial variation of climatic fac-
tors in Sudan during 2001-2013 are calculated by using SPSS software. The spa-
tial distributions of trends in precipitation and temperature are estimated by in-
terpolating seasonal precipitation and temperature data. Figure 7 showed the
presence of significant differences in seasonal precipitation and temperature
trends. Spatial characteristics of seasonal temperature showed the variation in all
northern parts of Sudan, mainly warming as the main feature has significant in-
creasing trend, while seasonal precipitation showed decreasing trend in most of
the northern parts of Sudan. Precipitation has a high increasing trend in south-
ern part of Sudan. Table 3 showed that there is a significant positive relationship
between mean winter-NDVI and mean winter precipitation at the 0.01% signi-
ficance level (correlation coefficients 0.735** with p-value 0.00), while there is a

significant positive relationship between winter-NDVI and mean winter tem-
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Table 2. Statistical result of trend of mean seasonal-NDVI change simulated in Sudan
during 2001-2013.

Winter Summer Autumn
Category Osiope TANGE
AreaKm? % AreaKm*> % AreaKm’ %
Significant
1 . 6<-0.035 21,307.1 0.9  23439.6 0.9 1285064 5.1
degradation
Moderate
2 . —0.035 < 8> -0.025 24,978.6 1.0 34998.9 14 112684.1 4.5
degradation
Mild
3 . -0.025 <¢>-0.015 58,2757 2.3 72830.1 29 1925019 7.7
degradation
4 No change —-0.015 <6>0.015 2,020,584.8 80.8 2014143.7 80.5 1782067.7 71.3
Mild
5 . 0.015 <#>0.025 210,813.6 8.4 144869.6 5.8 1349264 5.4
improvement
Moderate
6 . 0.025 <€>0.035 110,011.8 4.4 128752.2 5.1 100675.8 4.0
improvement
Significant
7 . 6>0.03 55,038.6 2.2 81975.8 3.3 49647.8 2.0
improvement
Total 2,501,010 100 2501010 100 2501010 100

Table 3. Correlation coefficients of NDVI with climate data using SPSS software in Sudan
during 2001-2013.

Correlation Pearson correlation P value, Sig. (2-tailed)
1 Winter-NDVI with precipitation 0.735%* 0.000
2 Winter-NDVI with temperature 0.739** 0.000
3 Summer-NDVI with precipitation 0.955** 0.000
4 Summer-NDVI with temperature —-0.270** 0.000
5 Autumn-NDVI with precipitation 0.953** 0.000
6 Autumn-NDVI with temperature —-0.820** 0.000
7 Mean-NDVI with precipitation 0.963** 0.000
8 Mean-NDVI with temperature 0.079* 0.020

**Correlation is significant at the 0.01 level (2-tailed); *Correlation is significant at the 0.05 level (2-tailed).

perature at the 0.01% significance level (correlation coefficients 0.739** with P
value 0.00). Mean summer-NDVI showed a high significant difference with
mean summer precipitation at 0.01% significance level (correlation coefficients
0.955** with P value 0.00), while there is a significant negative relationship be-
tween mean summer-NDVI and mean summer temperature at 0.01% signific-
ance level (correlation coefficients —0.270** with P value 0.00). There is a high
significant positive relationship between mean autumn-NDVI with mean au-
tumn precipitation at the 0.01% significance level (correlation coefficients
0.953** with p-value 0.00), while there is a high significant difference between
autumn-NDVTI and mean autumn temperature (correlation coefficients —0.820**
with P value 0.00).
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Figure 7. Spatial and temporal distribution of the mean seasonal trend of temperature and precipitation in Sudan during

2001-2013.

3.5. Correlation of NDVI with Climatic Factors

In order to find the relationship between high and low vegetation cover and cli-
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matic factors in Sudan, the mean annual precipitation and temperature data of
845 sites in recent 13 years was used. Using correlation method, grid related
calculations are made in ArcGIS v 10.2 software, as shown in Figure 8. Table 3
showed that there is a high significant positive relationship between mean an-
nual-NDVI and mean annual precipitation at the 0.01% significance level (cor-
relation coefficient 0.963** with p-value 0.00), there is a significant positive rela-
tionship between the mean annual-NDVI and mean annual temperature at the
0.05% significance level (correlation coefficient 0.079* with P value 0.02). To test
the relationship of vegetation cover with annual precipitation and temperature,
eight grades according to the principle of division of significance test at different

threshold points were developed. Table 4 showed the statistics of the correlation

Table 4. The statistics of correlation coefficient between mean annual-NDVTI and climate
data factors in Sudan during 2001-2013.

Correlation Precipitation Temperature
Category
range Area Km? % AreaKm?> %
1 A significant negative correlation <-0.03 1724.7 0.1 6092.4 0.2
2 High negative correlation -0.03--0.02 28119 0.1 13,776.8 0.6
3 Moderate negative correlation -0.02--0.01 20,583.4 0.8 119,858.2 4.8
4 Low negative correlation -0.01-0.00 469,668.1 18.8 1,203,204.6  48.1
5 Low positive correlation 0.00-0.01 1,733,614.2 69.3 1,102,266.6 44.1
6 Moderate positive correlation 0.01 - 0.02 240,514.2 9.6 45,983.9 1.8
7 Highly correlated 0.02 - 0.03 22,945.4 0.9 6061.8 0.2
8 A significant positive correlation >0.03 9148.2 0.4 3765.7 0.2
Total 2,501,010 100 2,501,010 100
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Figure 8. Correlation between mean annual-NDVT and climate factors in Sudan during 2001-2013.
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coefficient between mean annual-NDVT and climate data factor in Sudan during
2001-2013. The correlation coefficient between mean annual-NDVTI and preci-
pitation is a significant negative correlation, high negative correlation, moderate
negative correlation and low negative correlation: 0.1, 0.1, 0.8, and 18.8% of the
total area, respectively. While low positive correlation, moderate positive corre-
lation, high positive correlation and significant positive correlation is: 69.3%,
9.6%, 0.9% and 0.4% of the total area, respectively. The correlation coefficients
between mean annual-NDVI and temperature are significantly negative, high
negative, moderate negative and low negative: 0.2%, 0.6%, 4.8% and 48.1% of the
total area, respectively. While low positive correlation, moderate positive corre-
lation, highly positive correlation and significant positive correlation are: 44.1%,
1.8%, 0.2% and 0.2% of the total area, respectively.

4. Conclusion

Sudan is highly vulnerable to climate change and climate variability. Most
drought studies focus on quantifying drought at the regional or global scale. The
declination of grassland and palatable forbs resulted in the appearance of invad-
er grasses that are unpalatable to livestock and can lead to livestock death and
emergency slaughter which can result in economic losses and affect the livestock
herders. This research showed successfully contribution of MODIS NDVI 250 m
for the detection of the vegetation cover distribution in Sudan. Climatic factors
have high effects on land cover. In spatial scale distribution of mean NDVI in
Sudan, it is deduced that a high value of vegetation cover is in the southern part
and a low value of that in northern part. Precipitation and temperature are the
main factors which influence the change of vegetation cover and the impact is
not same in different areas. The changes of vegetation cover were primarily in-
fluenced by temperature followed by precipitation. This information is of high
value for setting up adaptation and mitigation strategies related to forest and

natural resources.
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