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ABSTRACT 
 

Wetlands represent a very small area of the earth's land surface. These ecosystems are ecologically and 
economically valuable. However, they continue to be among the world’s most threatened ecosystems. 
Successful conservation of these areas relies on accurate mapping and monitoring. Therefore, the current work 
suggested a protocol for mapping the wetlands along the Mediterranean Sea Coast of Egypt using remote 
sensing and GIS techniques. El-Bardawil and El-Burullus regions were selected as the study areas for the 
current work. The proposed protocol included a sequence of image pre-processing and processing steps. The 
pre-processing steps included linear stretch, noise reduction, relative sun angle correction, resolution merge, 
mosaicking and finally subsetting of the images for only the study area. The image processing included the 
principal component analysis (PCA) and image classification. Two principal component analyses were applied 
namely; a general PCA of all the bands of both ASTER and ETM+ data and a specific PCA of only the 
shortwave and the thermal infrared bands. The first and second layers of both PCAs were stacked into one 
image for each data type and used in the image classification. Accordingly, the overall mapping accuracy of the 
ETM+ data ranged from 82.7 to 90.7%, while it ranged from 86.3 to 92.2 % in the case of ASTER data.  
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Introduction  

 
Wetlands have been defined as transitional lands between terrestrial and aquatic systems where the water 

table is usually at or near the surface or the land is covered by shallow water (Cowardin et al., 1979). They are 
scattered across the world, providing variety of services including regional flood and erosion prevention, water 
purification and nutrient recycling (Jones et al., 2009). 

During the last decade wetlands all over the world were seriously degraded because of their exposure to 
pollution or the over-exploitation of their resources or the conversion to other land uses which has been the most 
continual problem.  

Nevertheless, the Ramsar Convention on Wetlands, signed in 1971, emphasized on the importance of 
conservation and sustainable use of natural resources and in particular wetlands. This convention resulted in the 
List of Wetlands of International Importance or “Ramsar Sites” which included more than 1,370 wetland sites 
for special protection. Egypt has two distinguished sites, included in that list, were declared as natural 
preservations, namely El-Zaranik and El-Burullus Protectorate.  

Traditional approaches for wetlands delineation and monitoring rely on extensive ground surveys. 
However, these methods are difficult and time consuming. Remote sensing has proven to be one of the most 
useful information sources for wetland identification and delineation mainly due to its ability to overcome these 
problems (Environmental Laboratory, 1987).   

Landsat TM and SPOT images have been widely used to study wetlands, (Jensen et al., 1984; Lunetta and 
Balogh, 1999; Harvey and Hill, 2001 and Dwivedi et al., 2004). More recently, ASTER, ERS, AVHRR and 
Hyperspecteral data have been extensively used especially in wetland delineation, (Roshier and Rumbachs, 
2004; Becker et al., 2005; Li and Chen, 2005; Judd et al., 2007 and Renzong and Liliang, 2008).  

The aim of this work is to establish a protocol for mapping wetlands along the Mediterranean Coast of 
Egypt with emphasis on El-Bardawil area (which includes El-Zaranik Protectorate) and El-Burullus area (which 
includes El-Burullus Protectorate) using remote sensing and GIS techniques. 
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2. Study Area: 
 
 Two study areas were selected namely; El-Bardawil and El-Burullus areas, (Map1). El-Bardawil study area 

is located in the northern part of the Sinai Peninsula between longitudes 32º 38' 06" and 33º 34' 31" E and 
latitudes 30º 56' 31" and 31º 13' 57" N. It covers an area of about 1282 km2. This area is ecologically important 
because it falls on the flyway of migratory birds from either sides of the Mediterranean, and has become 
internationally famous as habitat and breeding grounds for thousands of widely diverse bird species; many of 
which are endangered. In spite of its importance, it is subjected to numerous threats, including: tourism, salt 
mining, in addition to some activities, such as grazing.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Map 1: Location of the two study areas  
 
El-Burullus study area constitutes a part of Kafr El-Sheikh Governorate in the northern part of the Nile 

Delta and is located between longitudes 30º 30' 40" and 31º 28' 31" E and latitudes 31º 14' 34" and 31º 33' 29" 
N. It covers an area of about 1941 km2. This study area includes El-Burullus Lake and the new reclaimed area 
surrounding it, in addition to the flat coastal sandy barrier and beaches. The new reclaimed lands were dried 
from the clay flats and swamps that surrounded the lake and were mainly cultivated with rice, while other parts 
have been converted into fish ponds, especially in the south and south east of the lake. The flat coastal sandy 
barrier and beaches are saline soils occasionally flooded with sea water in winter.  

El-Burullus area is subjected to threats resulting from the misuse of its natural resources. Drying parts of the 
lake, uncontrolled reed cutting, the excessive inflow of drainage water from the catchment area into the lake, 
water pollution, and the fast-growing new human settlements, are among the serious threats that encounter this 
area. 

 
Materials: 

 
Both Landsat ETM+ and ASTER data were employed in this study. The Landsat data were free but 

relatively outdated while the relatively low cost ASTER data represented the present status.   
The available Landsat ETM+ data were acquired on 22/12/2000 and 28/03/2001 for El-Bardawil area 

(path/row 175/39 and 175/38, respectively), and on 17/06/2002 for El-Burullus area (path/row 177/38) and all 
images were cloud free.  

Two ASTER scenes were available and covered most of El-Bardawil study area and were acquired on 
09/11/2005 with cloud coverage of 7% and 1% (from north to south, respectively). The high cloud cover was 
mainly located over the sea area and was removed during the image processing. This study area was 1281.8 km2 
out of which only 839.9 km2 (65.5 % of the study area) was covered by the ASTER images. 

Only one ASTER image covering most of El-Burullus area was available on 27/01/2003 and was free of 
clouds. Both the ETM+ and ASTER images were geometrically corrected. This study area was 1926.0 km2 out 
of which only 1510.7 km2 (78.4 % of the study area) were covered by the ASTER image. 
 

Egypt 



1268 
J. Appl. Sci. Res., 9(2): 1266-1276, 2013 

 

 

Methodogy: 
 
Image Pre-Processing: 

 
This step included radiometric and geometric correction of the image in addition to other operations to 

enhance or facilitate the following image processing step. The radiometric correction consisted of both cosmetic 
corrections and atmospheric corrections. The cosmetic corrections included only the noise reduction, while 
atmospheric corrections included the haze and sun-angle corrections. The haze correction was applied using the 
linear stretch operation for each band separately and this step was the first applied to the imported raw data. The 
noise reduction was applied using a median filter 3x3 for the noise reduction after the haze correction. 

A relative sun angle correction was applied after the median filter. Using this method the image with the 
higher sun elevation angle was taken as a reference and the DN values of the other images were adjusted to it 
(Santiesteban, 2003). The equation used in this method was: 
 
 
 
where DN  is the output pixel value DN is the input pixel value and    is the sun elevation angle. 

The sun angle correction was only applied to the ETM+ images of El-Bardawil area, where the images were 
taken in different dates. The highest elevation angle corresponded to the image of path/row 175/038 with a value 
of 52.57. 

In this study, both Landsat ETM+ and ASTER data were in UTM projection. Due to a noticeable geometric 
distortion in the ASTER data, an image-to-image registration has been performed on the ASTER images using 
the Landsat images as a master image. The obtained Root Mean Square Error (RMSE) was 0.458 and 0.441 for 
the two scenes of El-Bardawil from north to south, respectively and 0.437 for the scene of El-Burullus. 

The resolution merge was used to produce a 15m high resolution multispectral images. The ETM+ 
panchromatic band (15m) was used as the higher resolution imagery with the Landsat data, while band 1 (15m) 
was used with the ASTER data. The images were mosaicked into one image for each data type and subsequently 
subsets of the images for only the study area were generated. 

 
Image Processing: 
 
4.2.1. Principal Component Analysis (PCA): 

 
The general principal component analysis was applied to the all the bands of both ASTER and ETM+ data. 

Another specific principal component analysis was applied to the shortwave and thermal infrared. The first and 
second layers of both PCAs were stacked into one image for each data type. For each image, layer 1 and 2 
represented PCA1 and PCA2 of the general PCA, respectively, while layer 3 and 4 represented the PCA1 and 
PCA2 of the specific PCA, respectively.  
 
4.2.2. Image classification: 

 
Both unsupervised and supervised classifications were applied in this study. The unsupervised classification 

was applied on the ETM+ data only because it covered the whole study area, while the supervised classification 
was applied to both data types. The unsupervised classification was applied to give primary information about 
the study area and to choose the training sets which represent the different land use/land cover classes. These 
series of sites were verified in the field and were used in the supervised classification. Only two thirds of these 
data sets were used for the classification while the rest were used in validating the classified images. 

 
Results And Discussion 
 
Principal Component Analysis (PCA): 

 
Tables 1a and 1b show the correlation matrices between the various bands in the case of the ETM+ and 

ASTER data for El-Bardawil study area. These results indicated that in both cases the data of the visible, near 
and shortwave infrared bands are relatively highly correlated in contrast to the thermal infrared bands, namely 
band 6 in the case of ETM+ and bands 10-14 in the case of the ASTER data, with special emphasis on band 12 
of ASTER data which was the least correlated of these bands.  
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Table 1a: The correlation matrix of the ETM+ data of El-Bardawil area 

ETM+  band 1 2 3 4 5 6 7 

1 1.00       

2 0.94 1.00      

3 0.88 0.99 1.00     

4 0.83 0.96 0.99 1.00    

5 0.81 0.95 0.98 0.99    

6 0.56 0.31 0.18 0.12 0.10 1.00  

7 0.80 0.94 0.97 0.98 1.00 0.09 1.00 

 
Table 1b: The correlation matrix of the ASTER data of El-Bardawil area  

ASTER 
band 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 1.00
2 0.90 1.00
3 0.97 0.99 1.00
4 0.87 0.9 0.93 1.00
5 0.85 0.88 0.92 0.99 1.00
6 0.84 0.88 0.91 0.98 0.99 1.00
7 0.84 0.88 0.91 0.99 0.99 0.99 1.00 1.00
8 0.84 0.87 0.91 0.99 0.99 0.99 1.00 1.00
9 0.84 0.87 0.90 0.98 0.99 0.98 0.99 0.99 1.00
10 0.44 0.44 0.45 0.40 0.34 0.35 0.33 0.32 0.29 1.00
11 0.42 0.42 0.43 0.39 0.33 0.34 0.33 0.31 0.29 0.98 1.00
12 0.21 0.20 0.20 0.14 0.09 0.09 0.08 0.07 0.04 0.79 0.79 1.00
13 0.63 0.65 0.67 0.69 0.66 0.66 0.66 0.65 0.63 0.75 0.73 0.76 1.00
14 0.62 0.64 0.66 0.68 0.65 0.65 0.65 0.64 0.62 0.74 0.73 0.76 0.99 1.00

 
High correlation between bands in multi spectral images causes a lot of redundancy and finally gives mixed 

pixels, which complicate classification, (Bani Neameh, 2003). This is practically true in small homogeneous 
area as in El-Bardawil study area. Since the main difference between the soils of this area is in their water 
content, which differentiate between the sabkhas and the barren sandy land, the immense difference of the 
thermal bands is expected. 

The thermal infrared have been used to discriminate between materials with different thermal inertia. This 
is rendered to the fact that the thermal inertia is influenced by the thermal conductivity and the heat capacity. 
Since both the heat capacity and the thermal conductivity of a soil will increase with the increase of the soil 
moisture, consequently the thermal inertia will increase, (Myers, 1983). 

On the other hand, El-Burullus study area is somewhat less homogenous due to the presence of various 
features which included water, soils of different mineral types, and most distinctive the vegetation of different 
kinds, types and growth stages.  

Therefore, in case of the ETM+ data the high correlation is not prevailing as seen in El-Bardawil area. In 
case of the ASTER data the bands are mostly highly correlated except for band 3 (0.78 - 0.86 µm) which was 
the least correlated, (Tables 2a and 2b). This effect could be rendered to the influence of substantial presence of 
vegetation in the image, where as in that near infrared portion of the spectrum the reflection resulting from 
vegetation is highest. This accounts for a higher sensor sensitivity compared to its equivalent in the ETM+ 
system namely band 4 (0.76 - 0.90 µm).  
 
Table 2a: The correlation matrix of the ETM+ data of El-Burullus area  

ETM+ band 1 2 3 4 5 6 7 

1 1.00       

2 0.85 1.00      

3 0.68 0.94 1.00     

4 -0.21 0.2 0.36 1.00    

5 0.14 0.5 0.68 0.81 1.00   

6 0.34 0.69 0.82 0.78 0.96 1.00  

7 0.38 0.68 0.83 0.62 0.94 0.94 1.00 
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Table 2b: The correlation matrix of the ASTER data of El-Burullus area  

Aster band 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 1.00              

2 0.98 1.00             

3 0.05 0.05 1.00            

4 0.55 0.5 0.02 1.00           

5 0.92 0.92 0.11 0.24 1.00          

6 0.91 0.91 0.1 0.21 0.99 1.00         

7 0.88 0.89 0.08 0.16 0.96 0.97 1.00        

8 0.90 0.90 0.03 0.18 0.97 0.97 0.99 1.00       

9 0.91 0.91 0.05 0.21 0.97 0.97 0.97 0.98 1.00      

10 0.97 0.95 0.10 0.59 0.87 0.85 0.82 0.83 0.85 1.00     

11 0.96 0.94 0.10 0.61 0.85 0.84 0.81 0.82 0.84 0.97 1.00    

12 0.91 0.89 0.08 0.74 0.74 0.73 0.69 0.70 0.73 0.95 0.95 1.00   

13 0.95 0.93 0.01 0.37 0.94 0.93 0.93 0.94 0.93 0.87 0.86 0.77 1.00  

14 0.94 0.93 0.03 0.36 0.94 0.93 0.93 0.94 0.94 0.87 0.86 0.76 1.00 1.00 

 
In order to reduce the redundancy in multispectral data and allow better discrimination of the wetland area 

the Principal Component Analysis (PCA) was applied. The PCA allows redundant data to be compacted into 
fewer bands, by which the dimensionality of the data is reduced. The bands of PCA data, which are 
independent, are often better interpretable than the source data, (Santiesteban, 2003). The components are 
ordered in terms of the amount of variance. The first two or three components contain most of the real 
information of the original data set, while the later components describe only the minor variation, (Santiesteban, 
2003 and Bani Neameh, 2003). 

The principal component analysis was applied to both ETM+ and ASTER data of El-Bardawil and El-
Burullus study areas. In El-Bardawil area the results showed that in the case of the ETM+ data the first principal 
component encompassed about 96.4 % of the variability of the data while the second represented about 2.7 %. 
As for the ASTER data the first principal component covered about 92.0 % of the variability of the data while 
the second contained about 5.7 %. The rest of the PCAs only represented about 0.9 % and 2.3 % for ETM+ and 
ASTER, respectively and therefore were discarded.  

The PCA of El-Burullus area revealed that in the case of ETM+ data the first principal component 
contained about 68.3 % of the variability of the data while the second encompassed about 26.3 %. As for the 
ASTER data the first principal component represented about 65.7 % of the variability of the data while the 
second encompassed about 18.4 %. The rest of the PCAs only represented about 5.4 % and 15.9 % for ETM+ 
and ASTER, respectively and therefore were discarded.  

The eigenvectors of the calculated covariance matrices of all the bands of the ETM+ and ASTER data for 
both study areas are shown in tables 3a and 3b, respectively. The data of El-Bardawil area showed that in the 
case of ETM+ data the first PCA is dominated by bands 5 and 7 (shortwave infrared bands), while the thermal 
band dominated the second PCA. They all comprise the contribution of the soil water content. In contrast, the 
ASTER data revealed that the contribution of the visible, near and shortwave infrared bands were equally 
distributed, while the effect of the thermal infrared bands were almost absent in the first and second PCA.  

In El-Burullus area, the ETM+ data revealed that the first PCA is equally distributed between all bands 
while the second PCA was dominated by band 4 (near infrared) which accounts for the effect of the vegetation 
cover. The same trend was observed in case of the ASTER data as the first PCA is equally distributed between 
all bands, while the second PCA was dominated by band 3 (near infrared).  

Based on these data, it could be observed that even so in case of the ETM+ data of El-Bardawil area the 
first and second PCA would be enough to efficiently discriminate the soil moisture differences but that was not 
the case of the ASTER data of this study area and both the ETM+ and ASTER data of El-Burullus area.  

Therefore, another specific principal component analysis was applied to the bands from the shortwave and 
thermal infrared to strengthen the ability for detection of wet soils especially in case of the ASTER data.  

The data of El-Bardawil area showed that in case of the ETM+ the first principal component included about 
96.6 % of the variability of the data while the second contained about 3.2 %. For the ASTER data the first 
principal component encompassed about 95.6 % of the variability of the data while the second represented about 
3.2 %. The rest of the PCAs only represented about 0.2 % and 1.2 % for ETM+ and ASTER, respectively and 
therefore, were discarded.  
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Table 3a: The eigenvectors of the calculated covariance matrix of all the ETM+ data 

ETM+ 
band 

PCA 

El-Bardawil area El-Burullus area 

PC 1 PC 2 PC 1 PC 2 

1 0.11 0.39 0.22 0.65 

2 0.19 0.26 0.33 0.39 

3 0.33 0.16 0.38 0.25 

4 0.45 0.00 0.34 -0.52 

5 0.60 -0.13 0.46 -0.27 

6 0.02 0.85 0.44 -0.11 

7 0.52 -0.15 0.42 -0.04 

 
Table 3b: The eigenvectors of the calculated covariance matrix of all the ASTER data 

ASTER 
band 

PCA 

El-Bardawil area El-Burullus area 

PC 1 PC 2 PC 1 PC 2 

1 0.43 0.51 0.31 -0.02 

2 0.48 0.44 0.31 -0.02 

3 0.33 0.17 0.04 1.00 

4 0.32 -0.27 0.21 -0.03 

5 0.28 -0.29 0.26 0.02 

6 0.30 -0.33 0.26 0.02 

7 0.28 -0.31 0.26 0.00 

8 0.28 -0.31 0.26 -0.02 

9 0.20 -0.23 0.26 -0.01 

10 0.02 0.04 0.23 0.01 

11 0.02 0.04 0.23 0.01 

12 0.01 0.06 0.21 0.00 

13 0.07 -0.01 0.37 -0.05 

14 0.07 -0.01 0.37 -0.04 

 

The eigenvectors of the calculated covariance matrices of the shortwave infrared and thermal bands of the 
ETM+ and ASTER data for both study areas are shown in table 4. In the ETM+ data of El-Bardawil area, the 
first PCA was dominated by the shortwave bands while the second was dominated by the thermal band and the 
same trend was observed in the ASTER data but was less noticeable with special emphasis on band 13 and 14 
(10.25 - 10.95 and 10.95 - 11.65 µm).  Therefore, both PCAs were considered.  

Concerning the ETM+ data of El-Burullus area, the first principal component encompassed about 96.4 % of 
the variability of the data while the second encompassed about 2.1 %. While in the ASTER data the first 
principal component encompassed about 77.3 % of the variability of the data while the second encompassed 
about 19.2 %. The rest of the PCAs only represented about 1.5 % and 3.5 % for ETM+ and ASTER, 
respectively and therefore, were discarded. The first PCA was almost equally distributed between all the bands 
while the second was dominated only by the shortwave infrared bands. The same trend was observed in the 
ASTER data but while it was dominated by band 7 (2.08 - 2.35 µm) in the ETM+ data, band 4 of the ASTER 
data (1.60 - 1.70 µm) was the dominant.  

Therefore, the proposed technique that could be applied to the whole northern area implies a new image 
which includes the first and second layers of the general and specific PCAs for each data type. This technique 
would be capable of discriminating between the different features in both study areas with special emphasis on 
the soil water content differences. 
 
Image Classification: 

 
The unsupervised classification was applied to the ETM+ data of both El-Bardawil and El-Burullus study 

areas, respectively. In El-Bardawil study area only six classes were identified, while in El-Burullus study area, 
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ten classes were identified. Based on the result of the unsupervised classification the training samples which 
represented the different classes were selected and used in the supervised classification.  
 
Table 4: The eigenvectors of the calculated covariance matrix of the shortwave infrared and thermal bands of the ETM+ and ASTER data 

Band 

PCA 

El-Bardawil area El-Burullus area 

PC 1 PC 2 PC 1 PC 2 

ETM+ 

5 0.75 -0.01 0.63 0.59 

6 0.02 1.00 0.56 0.12 

7 0.66 -0.02 0.54 -0.80 

ASTER 

4 0.46 -0.07 0.23 0.88 

5 0.41 0.06 0.30 -0.14 

6 0.44 0.05 0.29 -0.16 

7 0.41 0.08 0.29 -0.19 

8 0.40 0.10 0.30 -0.18 

9 0.29 0.12 0.29 -0.16 

10 0.02 -0.25 0.26 0.11 

11 0.02 -0.27 0.26 0.12 

12 0.01 -0.45 0.23 0.22 

13 0.10 -0.55 0.41 -0.08 

14 0.10 -0.56 0.41 -0.09 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1: Examples of mean plots of a) the ETM + data and b) ASTER data 

 
5.2.1. El-Bardawil area: 

 
El-Bardawil study area was confined only into three land use/land cover classes, namely; water, barren 

sandy land and wet sabkhas. The mean plots of some feature signatures of the ETM+ and ASTER data are 
shown in figures 1a and 1b, respectively. Based on these graphs it could be seen that class differentiation was 
more pronounced in the case of ASTER data for both the general and specific PCA, while in the case of ETM+ 
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data class interferences was observed. Unfortunately, the clouds in the ASTER data were misclassified either as 
water or sabkhas. The accuracy assessment revealed that the overall accuracy of the ETM+ data classification 
was 90.7%, while it reached 92.2 % in the case of ASTER data and most of errors were rendered to the cloud 
effect. Based on the field work and available data and maps of the study area the misclassified cloud areas were 
corrected manually, and they represented 0.2 % of the study area.  

The ETM+ image classification revealed that the sabkhas covered an area of 262.7 km2, the sandy barren 
land 453.7 km2 and the water 565.4 km2 representing 20.5, 35.4 and 44.1 % of the study area, respectively. 
Whereas the ASTER data covered only part of the study area, and therefore, the classification was in the 
following percentages 12.8, 27.7 and 59.3%, respectively.  

The water class included El-Bardawil Lake and the artificial salt basins constructed by El-Nasr Salt 
Company to the east of El-Bardawil Lake, as well as the submerged sabkhas. Using a vector layer representing 
the lake and salt basin area, these submerged areas were reclassified into the submerged sabkhas class, (Maps 2a 
and 2b).  

Due to this adjustment the area of the water class decreased to 549.0 km2, while the submerged sabkhas 
covered 16.4 km2, representing 42.8 and 1.3 % of the study area, respectively in the case of ETM+ data. 
Moreover, in the ASTER data the area of the water class decreased to 489.3 km2 and the submerged sabkhas 
covered 8.5 km2 representing 58.3 and 1.0 %, respectively, (Table 5).  

 
 
 
 
 
 
 
 
 
 
 
 
 

Map 2a:  Land use/land cover map of El-Bardawil area produced from ETM+ data 
 
 
 
 
 
 
 
 
 
 
 
 
 

Map 2b: Land use/land cover map of El-Bardawil area produced from ASTER  data 
 
Table 5: The area of the land use/land cover units of El-Bardawil area 

Class 
ETM+ data ASTER data 

Area (km2) Area (%) Area (km2) Area (%) 

Wet sabkhas 262.7 20.5 107.7 12.8 

Submerged sabkhas 16.4 1.3 8.5 1.0 

Sandy barren land 453.7 35.4 232.8 27.7 

Water  549.0 42.8 489.3 58.3 

Clouds  00.0 0.0 1.6 0.2 

Total 1281.8 100.0 839.9 100.0 
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5.2.2 El-Burullus area: 
 
El-Burullus area included five land use/land cover classes, namely; water, sandy barren land, vegetation, 

settlements and wet sandy soils. The mean plots of some features signatures of the ETM+ and ASTER data are 
shown in figure 2a and 2b, respectively.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
Fig. 2: Examples of mean plots of a) the ETM+ data and b) ASTER data 

 
These graphs also revealed that the differentiation between the classes was better using ASTER data. These 

results were confirmed by the accuracy assessment analysis which showed that the overall accuracy of the 
ETM+ data classification was only 82.7 %, while it was 86.3 % in the case of ASTER data.  

The water class included El-Burullus Lake and the fish ponds, while, the vegetation class included both 
terrestrial and aquatic vegetation. Using a vector layer containing the lake area, the vegetation within the lake 
was recoded as aquatic vegetation, while outside the lake was recoded terrestrial vegetation and the water other 
than the lake, was reclassified as fish ponds, (Map 3a and 3b).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Map 3a: Land use/land cover map of El-Burullus area produced from ETM+ data 
 



1275 
J. Appl. Sci. Res., 9(2): 1266-1276, 2013 

 

 

The results revealed that the terrestrial vegetation classes represented 40.7 and 39.2 % in the ETM+ and 
ASTER data, respectively. The settlements and wet sandy soils represented the least classes and covered 4.1 and 
3.7 %, respectively in the ETM+ data and 4.6 and 3.3 %, respectively in the ASTER data. The aquatic 
vegetation, water, fish ponds and barren sandy land covered somewhat different percentages on the ETM+ and 
ASTER data, where they covered 10.4, 12.9, 20.9 and 7.2 %, respectively on the ETM+ data, and covered 6.8, 
18.2, 18.8 and 9.1 %, respectively on the ASTER data, (Table 6).   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Map 3b:  Land use/land cover map of El-Burullus area produced from ASTER data 
 

Table 6: The area of land use/land cover unit of El-Burullus area 

Class 
ETM+ data ASTER data 

Area (km2) Area (%) Area (km2) Area (%) 

Terrestrial vegetation 811.9 40.7 619.5 39.2 
Aquatic vegetation 207.0 10.4 106.9 6.8 
Settlements 82.4 4.1 72.8 4.6 
Water 257.9 12.9 287.4 18.2 
Fish ponds 416.2 20.9 296.2 18.8 
Sandy barren land 143.4 7.2 143.9 9.1 
Wet sandy soils 74.2 3.7 51.9 3.3 
Total 1993.0 100.0 1578.6 100.0 

 
Conclusion: 

 
The results of the current work confirm that both ETM+ and ASTER data with the aid of GIS are 

appropriate tools for wetlands mapping. It also strengthens on the drawback of insufficient ASTER data 
coverage of adequate cloud clearness. In addition to that, it could also be observed that the protocol presented in 
this paper which includes both general and specific PCA of the shortwave and thermal bands was capable for 
refining the mapping accuracy especially concerning small sized wetlands.  
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