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Abstract
Land use/land cover analysis are becoming increasingly important as every decision making process requires complete
description of the land surface. The main objective of this research is to qualitatively identify the land use/land cover of Atbara
area, Sudan, based on Landsat ETM+ data. The band ratio technique was applied in order to present unique information that is not
available in single bands. The resultant image was supposed to highlight differences between various land use/land cover classes
in the study area. Several band ratios were created and two band ratio sets were assigned to the RGB of the color composite where
the combined result of band ratios has allowed a better discrimination of land use/Land cover features. Twenty five ground
truthing points were collected from the study area to confirm the identification of these features. Clearly, the processed images
were able to highlight water bodies, vegetations, urban area and land where the highest concentration of vegetation was observed
mainly along the banks of the river Nile and river Atbara. 95% of the ground truthing points were found to coincide with the
previously identified land surface features. This indeed, represents the first step towards performing a successful supervised
classification and generating Land use/Land cover maps.
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1. Introduction
Land use/land cover features identification are needed for
water - resource inventory, flood control, water - supply
planning and also to manage wildlife resources and minimize
man - wildlife ecosystem conflicts. In a large country such as
Sudan, with most of its land located in remote sometimes
inaccessible areas, conventional surveying techniques
requires big efforts, costs much and consumes a lot of time.
Remote sensing provides a quick and cheep method for
collecting data about land surface of particularly, extended
regions. Applying the suitable image processing techniques
images are enhanced in order to allow better interpretation and
accurate mapping of surface features present in an area.
Indeed, results are assessed by ground truthing of limited
extent to ensure accuracy and to assess errors
Topographic features or seasonal changes in sunlight

illumination angle and intensity cause differences in
brightness values from identical surface materials (Jensen,
1996). Ratio images are prepared by dividing the digital
number (DN) value in one band by the corresponding DN
value in another band for each pixel (Sabins, 1996) where
resulting values are representing the ratio image. Ratioing two
spectral bands negate the effect of any extraneous
multiplicative factors in remote sensor data that act equally in
all wave bands of analysis (Lillesand and Kiefer, 1994).
The band ratio has two significant characteristics. First,
strong differences in the intensities of the spectral response
curves of different features may be emphasized in ratioed
images. Second, ratios can suppress the topographic effects
and normalize differences in irradiance when using multi date
images (Singh, 1989). Ratio transformations of Landsat data
can be used to decrease the influences of such environmental
conditions (Avery and Barlin, 1992). To reduce the
environmental factors impression, ratio can present unique

International Journal of Agriculture, Forestry and Fisheries 2015; 3(6): 243-248

information not revealed in single bands that is useful for
determining soils and vegetation (Satterwhite, 1984).
Atbara area has witnessed development activities including
the establishment of buildings, factories, roads and rail way.
The main objective of this research is to qualitatively identify
the land use/land cover of Atbara area based on Landsat data
(Enhance Thematic Mapper ETM+) analysis and
interpretation. The study provides an applicable exercise for
employing special image processing techniques on Landsat
imagery to improve mapping surface features in other regions
of the Sudan at less effort, cost and time.

2. Material and Method
The study area
Atbara region is one of the most important areas in the River
Nile State. The study area is located between latitudes 16° 10'
and 18° 10' N, and longitudes 33° and 34° 30' E. Atbara area is
generally flat and crossed by two rivers, the river Nile and river
Atbara. The area belongs to the desert - semi desert climatic
regime. The summer season extends from March to August
with temperature reaching above 45°C during the day. The
average temperature is about 35°C. The winter season is from
November to February and the temperature drops to less than
20°C (Ali, 2005). The Annual rainfall in the area ranges
between 70 mm to 100 mm. Strong winds blow throughout the
year and increases in winter (AAAID, 2006).
The vegetation in the area is restricted to the banks of the
river Nile and river Atbara. The floors of the large seasonal
water sources such as wadi Mukabrab, wadi Gabati and khor
Hudi Acacia Seyal and Acacia Salam are found. Some trees
such as Date palm, Sidr, Sunut, Tundob and some green
grasses are found along both banks of the Nile, where small
Bushes and Shrubs are found along seasonal streams too. The
cultivated area around the Nile is for growing various types of
vegetables and fruits. The area between Ed Damar and
Abidiya is densely populated on both sides of the river Nile.
Generally, the population density is low and concentrated in
few centers along the river Nile. They depend for their live
hood on machine - irrigated agriculture along the river Nile
and river Atbara.The present study uses six Landsat Enhance
Thematic Mapper (ETM+) scenes (P172/R47, P172/R48,
P172/R49, P173/R47, P173/R48 and P173/R49) obtained
from GLCF and USGS and provided by Remote Sensing and
Seismology Authority, National Center for Research. The
study was conducted in two phases. The preliminary office
work constituting digital image processing and interpretation
and the field work which was carried out in July 2010 in the
eastern part of Atbara area for ground truthing. As a result a
map indicating concordance between recorded GPS
observation points of various Land use/ land cover classes and
their corresponding distinctive tone or color observed in ratio
images. The six Landsat ETM+ scenes were processed,
mosaicked, subseted and stacked using (ERDAS 8.5). The
image ratio technique was achieved by dividing the data base
brightness values (BVs) of one spectral band by the data base
BVs of another spectral band. The resultant image was
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supposed to highlight differences between various land
use/land cover classes in the study area and to produce
qualitative determination of these features.
For this study, level I of Anderson’s classification has been
followed (Anderson et.al 1976). The selected classes
(features) were water, forest land, cropland, bare cropland,
barren land and urban or built - up areas. Seven band ratios
were prepared in order to identify the land use/land cover
based on bands properties. Band 2, 3, 4, 5 and 7 were used in
this study. Three different combinations of band ratios were
selected for color compositing (RGB) to be utilized for surface
features determination. Envi 4.5 was used for visualizing,
enhancing and band rationing while Arc GIS 9.3 was used to
make layouts and produce maps.

3. Results
Band ratio techniques of the remotely sensed data can be
used to reduce the effects of environment. Band ratio also
provides a valuable method to detect the difference between
the surface materials that are often difficult to detect in a
standard image. It is also useful for discriminating the land
cover features such as soils, vegetation and water bodies
3.1. Identification of Land Use/Land Cover
Features Using Band Ratio Technique
Seven band ratios of Landsat ETM+ (2000) were examined
to identify the land use/land cover features. Band 2/Band 3
image ratio has distinguished barren lands and was unable to
discriminate between croplands, forests and water bodies.
Both forests and water bodies displayed light tones and barren
lands appeared in dark tone as shown in (figure 1).

Fig. 1. The band ratio B2/ B3 image of the study area.

Band 3/Band 2 image ratio has discriminated forests and
croplands. Because band 3 (0.63 - 0.69 µm) is the red
chlorophyll absorption band of healthy green vegetation and
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band 2 (0.52 - 0.60 µ m) is the reflectance band from leaf
surfaces. This ratio can be valuable in illustrating broad classes
of vegetation. Croplands revealed in light (bright) tones and
forests appeared in dark tones as displayed in (figure 2).

Fig. 4. The band ratio B4/ B3image of the study area.

Fig. 2. The band ratio B3/ B2 image of the study area.

Band 3/Band 4 image ratio has uniquely, revealed the
barren lands and urban areas but it could not identify water
body, forests and croplands as explained in (figure 3).

The lighter tone shows the greater amount of vegetation.
The image of Band 5/Band 7 ratio in figure (5) distinguished
both land and water. Since soils exhibit strong absorption in
band 7 (2.08 - 2.35µm) and high reflectance in band 5 (1.55 1.75 µm), soil has been enhanced in this ratio. Land was
shown in light tones and water was displayed as dark tone.

Fig. 3. The band ratio B3/ B4 image of the study area.

Fig. 5. The band ratio B5/ B7 image of the study area.

The image of Band 4/Band 3 ratio in figure (4) displayed
the croplands, water and vegetation. This ratio uniquely
defines the distribution of vegetation.

The image of Band 4/Band 5 ratio in figure (6) illustrates
the water body, vegetation and occurrence of moisture content
in croplands. Water bodies appear in dark tone while
vegetation in light tone.
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3.2. Color Composite of Band Ratios
To identify the Land use/Land cover features using band
ratio technique three different band ratios have been selected.
Each of the three ratios has been assigned to a particular color
gun of RGB composite. Selecting two band ratio
combinations for color compositing (RGB) allowed the
discrimination of LU/ LC features or classes in the scene.
3.2.1. Band 5/Band 7 in Red, Band 4/Band 3 in
Green and Band 2/Band 3 in Blue
This color composite (figure 8) image has illustrated
different LU/ LC features. Dark green has elucidated forest
areas and magenta indicated barren lands, croplands,
highways and urban or built - up areas. Moist crop lands and
bare croplands have been shown in yellow and light green
color, respectively. This color composite of ratio combination has revealed forests, croplands, barren lands and
urban or built up areas.

Fig. 6. The band ratio B4/ B5 image of the study area.

Fig. 8. Color composite combination of B 5/B 7 in red, B 4/B 3 in green and B
2/B 3 in blue.

Fig. 7. The band ratio B7/B2 image of the study area.

The image of Band 7/Band 2 ratio in figure (7) has
differentiated between forests and croplands. Was unable to
distinguish forests from water bodies; both features appear in
dark tone. Croplands were shown in light tone.

3.2.2. Band 4/Band 3 in Red, Band 3/Band 2 in
Green and Band 3/Band 4 in Blue
In this color composite of ratio images (figure 9) blue has
characterized water bodies. The red region delineated forests
and croplands. Bare croplands and barren lands have been
shown in light green color. This combination has displayed
water bodies, forests, croplands, and barren lands.

247

Khalda Y. Ibrahim et al.:

Land Use/Land Cover Identification from Landsat ETM+ Data Using Band Ratio in
Atbara Area, Sudan

5. Conclusion
Remote sensing and GIS are the major tools used in the
current study. Landsat7 ETM+ data is the remote sensing data
employed. Digital image processing techniques are used to
display, correct, enhance and mosaic satellite data for the area
under investigation. The band ratio technique is used in this
study and different color composite images are prepared in
quest of gathering as much as possible information about the
different land use/land cover features. This research clearly
revealed the water bodies, land, urban area and vegetation.
The greatest amount of vegetation is found in the area around
the River Nile, River Atbara and seasonal khors and also in the
area where the farmers use axial irrigation. These features
were supported by the ground truthing data but more ground
observation points must be obtained in this area to verify more
features.
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