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ABSTRACT

The development of remote sensing technology has made it possible to map the
distribution of tree species in a timely and accurate manner. At present, a large
amount of remote sensing data have been accumulated, including high-spatial-
resolution images, time-series images, light detection and ranging (LiDAR) data,
etc. This study was conducted in North Kordofan State, Sudan to map Acacia
seneal (L.) Wild which is known as gum arabic tree "Hashab" that found in many
types of pure stands or associated with other tree species such as Acacia tortils
"Seyal" or Leptadinia pyrotechnica "Marakh". The objectives of this study was to
understand means of identification and mapping of A. senegal trees (Hashab) in
gum belt using remote sensing technigues e.g time series MODIS imagery in
North Kordofan Region, the Sudan. And recognizing means of differentiating
between Acacia senegal (Hashab), Acacaia tortilis (Seyal) and Liptadenia
pyrotechnica (Marakh) covers using time series remote sensing-based
techniques and mapping of Acacia senegal cover using RS-based means that
express spatial and temporal variations of vegetation cover. The MOD13Q1v006
product from MODIS was acquired for this study. The MOD13Q1 product provides
a 250 m resolution of 16-day imagery including the red (620-670 nm) and infrared
bands (841-876 nm) wavelength. This product provides Normalized Difference
Index (NDVI). Fifteen years from 2000 to 2014 MODIS data were studied. The
analysis of MODIS data was done and all NDVI images were resized to fit the
study area frame. The NDVI data were layer stacked for all years using all months
to study the NDVI patterns in dry and rainy seasons. All stands were overlapped
in study area frame to get the NDVI mean of all Hashab, Seyal and Marakh in
selected sites. The results showed that the values of NDVI are significantly
different between the three species during the wet months while it almost the
same in dry months of the year. It’s clear from the results that Hashab has higher
NDVI values compared with other two species. NDVI is high sensitive to the
rainfall and Hashab species is highly response to the rainfall and season start.
From the results, NDVI values ranking is Hashab followed by Marakh and Sayal
but, in 2002 and 2010 Marakh gave NDVI values higher than Hashab. MODIS time
series have been successfully used as input features to classify land-cover
classes characterized through differing phenological patterns and mapping
Hashab, Marakh and Sayal.

INTRODUCTION

important tree. For instance, in 1995, Kordofan region
produced almost 50% of total gum production in

One of the most important forest types in the Sudan is
the gum Arabic belt, which lies within the low rain
Savanna zone. The term gum Arabic belt is used to
indicate a region of approximately 520,000 km?2 which
extends across Central Sudan between 10° and 14°
North latitudes (Map 1) and which accounts for
roughly one-fifth of the country total area (IIED and
IES, 1989), now and after separation of the South
Sudan States, Gum belt area almost equal one-third
of the country total area. Acacia senegal, the tree
commonly known as “hashab”, grows naturally in this
belt. The tree has an important role in fulfilling
households’ wood energy and fodder demands,
besides enriching the soil fertility, possibly also
through biological nitrogen fixation (Ballal, 1991).
Acacia senegal, which produces gum arabic, is a very

Sudan (Seif el Din and Zarroug, 1998).

In Sahel in general and in North Kordofan in
particular, it is rare to find herbaceous and woody
species in pure stands. What one founds is vegetation
communities or vegetation associations. Distributions
of rainfall and soil types are major factors determining
these communities or associations. Examples for
such communities in North Kordofan were given by
various authors (Harrison and Jackson, 1958 and
Fadl Elmula, 1997). Based on a classification by
Harrison and Jackson (1958), A. senegal occurs in a
number of vegetation types ranging from the semi-
deserts and grassland zone in the north of the Sudan
to the Terminalia-Sclerocarya-Anogeissus- savanna
woodland in the south of the country.
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Figure 1: Gum belt boundaries in Sudan
Source: Harrison & Jackson, 1958; Hammer, 1987

The distribution of Hashab in the gum belt is variable
and patchy depending on soil types, rainfall and
human”. IIED and IES (1989) also reported that, the
current boundaries of the gum belt differed from the
previous ones (Harrison & Jackson, 1958; Hammer,
1987) (Figure 1).

There is a strong need to map Hashab and
distinguish it from some spatially related trees. ).
Land use and land cover studies were carried out on
different scales for different users using remote
sensing technologies. Although RS provides useful
information but most of the studies conducted didn’t
provided detailed information that answer some
specific research issues like assessing Today
additional and more accurate information can be
obtained as techniques are becoming more advanced
as with the Moderate Resolution Image
Spectroradiometer (MODIS) satellte data. The
MODIS sensor provides "ready to use" ecosystem
variables such as Normalized Difference Vegetation
Index (NDVI), Leaf Area Index (LAI) and Net Primary
Production (NPP) at several spatial and temporal
resolutions (Fensholt, 2003).Tree species mapping in
forest areas is an important topic in forest inventory.
In recent years, several studies have been carried out
to map tree species using different types of
hyperspectral sensors under various forest conditions
(Dalponte et al. 2013 and Ghosh et al. 2014). The
latest trends and advances studies of tree species
classification have recently been summarized in
Fassnacht et al., (2016).

= ooe o

The main objective of this study is to
understand means of identification and mapping of A.
senegal trees (Hashab) in gum belt using remote
sensing techniques in North Kordofan Region, the
Sudan. And the specific objectives are recognizing
means of differentiating between Acacia senegal
(Hashab), Acacaia tortilis (Seyal) and Liptadenia
pyrotechnica (Marakh) covers.

MATERIALS AND METHODS

This study was conducted in North Kordofan State
which situated in the central part of Sudan extending
from 11.15°N to 16.40°N latitudes and from 27.30°E to
32.25°E longitudes The State covers an area of
approximately 245,000 km2, representing two third of
the Greater Kordofan Region area. (CBS, 2008).

Soils in the area range from sandy in the
north to clay and gardud?! in the south. The sandy
soils cover an area of about 60% of the cultivable
area, while the clay and sandy/clay (gardud)! cover
40%.

Annual rainfall ranges from less than 50 mm
on the northern border to more than 600 mm on the
southern border. The length of the rainy season
varies from about one month or less in the north to
about three months in the south. Rains occur between
June-October with the peak in August. Within and

1 The “Gardud” soil is a type of land that is mixed between Clay
and Sand in varying proportions, it has a hard top layer with poor
water percolation and for this difficult to cutivate
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between seasons variation in rainfall amount and
distribution is common. The average daily
temperature ranges between 10-35°C with an annual
variation of 15°C. April, May and June are the hottest
months of the year, and December, January and
February are the coolest ones. (Van der Kevie, 1973).

Methodology

The research methodology based on remote sensing
techniques to identify and distinguish between Acacia
senegal (L. WILLED) “Hashab”, Leptadenia
pyrotechnica “Marakh” and Acacia tortilis “Seyal’
using MODIS imagery. These plant species supposed
to have different patterns and characteristics of
growth. Occurrences of Hashab tree can be pure
Hashab stands or mixed with some other tree species
like Marakh or Seyal. In this study pure Hashab stand

Study Area
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Figure 2. Study Area

Plate (1). Hashab in Himaira Forest

The MOD13Q1v006 product from MODIS was
acquired for this study. The MOD13Q1 product
provides a 250 m resolution of 16-day imagery
including the red (620-670 nm) and infrared bands

Plate (2). Seyal in Meileha

were presented in ElHimaira Forest, Marakh
presented in Umgalgy and Seyal in Mieliha stand.
Table (1) showed the sites and their information.

Table (1). Study areas sites

Site | Tree Species Area Village
(km?)
1 Acacia Senegal 1.76 ElHimaira
2 Acacia tortilis 0.4 Mieliha
3 Leptadinia 1.98 Umgalgy
pyrotechnica

Site selection was done using GPS logger and Arc
GIS to make shapefiles for the selected stands.
(Figure 2; Plates 1, 2 and 3).

Legend
Seyal
- Marakh
- Hashab

North kocdofan State

D Sudan

Plate (3). Marakh in Umgalgy

(841-876 nm) wavelength. This product provides
Normalized Difference Index (NDVI).
MODIS data were downloaded from MODIS

data site (http://daacmois.orl.gov/cqi-
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bin/MODIS/GLBVIZI Glb/Modis subset order global
col5.pl). Fifteen years from 2000 to 2014 MODIS data
were studied. MODIS NDVI data of years 2000 to
2012 was already calculated and ready when
downloaded but data of years 2013 and 2014 were
downloaded in bands and NDVI calculated using
below formula with a remote sensing software
applying the following equation:

(NIR - Red)
(NIR + Red)

NDVI =

NDVI = (float(b2)-(b1))/(float(b2)+(b1))

The analysis of MODIS data was done and all NDVI
images were resized to fit the study area frame. After
that NDVI data were layer stacked for all years using
all months to study the NDVI patterns in dry and rainy
seasons. All stands were overlapped in study area
frame to get the NDVI mean of all Hashab, Seyal and
Marakh in selected sites.

Formula below was used to calculate NDVI means
over all fifteen years.

NDVI average =
(float(b1)+float(b2)+float(b3)+float(b4)+float(b5)+
float(b6)+float(b7)+float(b8)+float(b9)+float(b10)+
float(b11)+float(b12)+float(b13)+float(b14)+float(b15))
/15

Where: bl=red and b2= near infrared

RESULTS AND DISCUSSIONS

The NDVI time series for 15 years (2000-2014) for
Hashab, Marakh and Sayal are presented in figure
(3). The results showed that the values of NDVI are
significantly different between the three species
during the wet months while it almost the same in dry
months of the year. Acacia senegal (L. WILLD)
“Hashab” gave mean of NDVI values of 0.204, 0.313
and 0.320 in July, August and September,
respectively. Leptadenia pyrotechnica “Marakh” gave
mean of NDVI values of 0.18, 0.28 and 0.28 in July,
August and September, respectively. Acacia tortelis
“Sayal” gave the lowest NDVI mean values in
compared with the other two species (0.17, 0.22 and
0.23) in July, August and September, respectively.
From these results, the NDVI time series
imagery can be one of the methods to classify and
identify tree species. The availability of no-cost
MODIS NDVI data and automated data processing
techniques that provide high quality continuous time
series data, represent a major advancement for the
automated monitoring annual land-cover change and
vegetation condition over large geographic regions as
reported by Lunetta et al. (2006). Recently, satellite
imagery has been used in many studies for several
purposes such as estimation of cultivated land,
identification of crop types, yield forecast, developing
of hydrological model (Jakubauskas and Legates,
2002; Sakamoto et al., 2005). Crop type identification
maps are known the most important data source in
crop management and yield assessment (Zhao et al.,
2017; Ustuner et al.,, 2014). For crop mapping
purpose seasonal parameters such as the starting,
middling, ending of the season, seasonal length,
seasonal amplitude etc., can be obtained from several
time series vegetation indexes (Zhao et al., 2017).

NDVI Time Series (2000-2014)
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Figure (3). NDVI Time Series for Hashab, Marakh and Sayal through fifteen years (2000-2014).

NDVI time series for Hashab, Marakh and Sayal by
year for the fifteen seasons are presented in figure
(4). It's clear from the results that Hashab has higher
NDVI values compared with other two species. The
exceptions appeared in few years due to the climate

change and low precipitation. NDVI is high sensitive
to the rainfall and Hashab species is highly response
to the rainfall and season start. Hashab tree begin to
green early in rainy season. From the results and
similar to the figure (3), NDVI values ranking is
Hashab followed by Marakh and Sayal but, in 2002
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and 2010 Marakh gave NDVI values higher than
Hashab.

Wardlow et al. (2007) concluded that a time-
series of the 16-day composite MODIS 250 m VI data
had sufficient spectral, temporal, and radiometric
resolutions to discriminate the region’s major crop
types and crop-related land use practices. For each

crop, a unique multi-temporal VI profile was detected
in the MODIS 250 m data that was consistent with the
known crop phenology. Most crop classes were
separable at some point during the growing season
based on their phenology-driven spectral-temporal
differences expressed in the VI data.

03

0.15

01

0.05

0

g Hashab g Marakh

NDVITime Sereis for Hashab, Marakh and Sayal from 2000-2014
in the Study Area

2000 2001 2002 2003 2004 2005 2006 2007 2008

g Sayal

2009 2010 2011 2012 2013 2014

Figure (5). NDVI Time Series for Hashab, Marakh and Sayal from 2000-2014 in the Study Area.

Figure (6) presented the NDVI time series for Hashab,
Marakh and Sayal for fifteen years during the wet
season. Matching the previous figures, Hashab leads
the two species and have highest NDVI values in all
years except 2002 and 2010. In general, Hashab can
clearly distinguished and identified from Sayal and
Marakh as Hashab is distributed in its habitat almost
with these species in North Kordofan.

Mapping forest types in a natural
heterogeneous forest environment using remote
sensing data is a long-standing challenge due to
similar spectral reflectance from different tree species
and significant time and resources are required for
acquiring and processing the remote sensing data.

Phenological study of different species in the
past has shown differences in the time and duration of
phenophases of individual species. Bajpai et al.
(2012). Performed an in-situ experiment to investigate
phenophases of two dominant species, Shorea
robusta and Ficus hispida, in deciduous natural
forests along the Indo-Nepal order. Data collected
from 160 twigs showed clear differences between the
species. The variation in vegetation phenological

properties opens the possibility of differentiating the
specie types using spectral signatures over time.
Time series data analysis with vegetation indices is
Forests popular in Land Use Land Cover (LULC)
classification as well as agricultural and forestry
applications.

Yan et al. (2015) utlized normalized
difference vegetation index (NDVI) and enhanced
vegetation index (EVI) time series data to classify
vegetation cover types in China. MODIS time series
images have been used for particular crop
identification (Zeng et al. 2016 and Wardlow et al.
2007), land cover classification (Xue et al. 2014) etc.

Statistical metrics computed on MODIS time
series have been  successfully used as
input features to classify land-cover classes
characterized through differing phenological patterns,
such as Hansen et al. (2003) for mapping a global
continuous fields tree cover and Gessner et al.(2009)
for mapping fractional vegetation cover in Namibia on
a regional scale.
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Figure (6). NDVI Time Series for Hashab, Marakh and Sayal during Rainy Season from 2000-2014 in the

Study Area.

CONCLUSIONS

The findings of the study clearly showed that NDVI
values for Hashab, Marakh and Seyal are significantly
differences over fifteen years' time series data.
Hashab always gave higher NDVI values followed by
Marakh then Sesyal in 3" place.

The overall average of NDVI values from 2000-2014
in the active growth period (May to October) showed
that Hashab has high NDVI values (0.234) followed
by Marakh (0.216) then Seyal (0.196). The results
indicate that the three tree species have different
growth characteristics and different NDVI values
during the rainy season. These differentiations clear
in some points as green startup, peak of growth and
average of NDVI values.

MODIS time series imagery have been successfully
used as input features to classify tree species and
Hashab can clearly distinguished from Seyal and
Marakh as Hashab is distinguished in its habitat
almost with these species in North Kordofan.
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