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ABSTRACT 

 
Wetlands are considered one of the world’s most important ecosystems. They play a crucial role in water 

quality maintenance, flood flow alteration, erosion control and shoreline stabilization. They also provide the 
suitable habitats for thousands of both aquatic and terrestrial species.  The assessment of their functions is vital 
in the decision making process and consequently suggesting appropriate management strategies. The current 
work integrated the remote sensing data and the GIS capabilities with the Wetland Evaluation Technique (WET) 
in wetlands function assessment. Two study areas were selected for this study namely; El-Bardawil and El-
Burullus. Both areas are located along the Mediterranean Sea Coast of Egypt and included in the List of 
Wetlands of International Importance and already declared natural preservations. El-Bardawil wetland was 
represented by one assessment unit (AUs). The assessed unit was rated moderate for the groundwater recharge 
social significance and low for this function effectiveness. The same unit was rated high for shoreline 
stabilization social significance but the function effectiveness was considered low. Concerning the nutrient 
removal and retention social significance this unit was rated moderate but rated low for the function 
effectiveness and moderate for the function opportunity. Three wetland units were assessed in El-Burullus study 
area, namely; AUk1, AUk2 and AUk3. The assessed wetland units AUk1 and AUk2 were rated moderate for the 
groundwater recharge social significance but were rated low for this function effectiveness. On the other hand, 
unit AUk3 was rated low for both the social significance and effectiveness. All the evaluated units were rated 
high for shoreline stabilization social significance. Unit AUk1 was rated high for this function effectiveness 
while units AUk2 and AUk3 were rated low. Unit AUk1 was rated high for nutrient removal and retention 
effectiveness, opportunity, and social significance. Unit AUk2 was rated low for this function effectiveness but 
was rated moderate for its opportunity and social significance. Unit AUk3 was rated low for this function social 
significance and low for its effectiveness but they were rated moderate for its opportunity. 
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Introduction 

 
DeBusk (1999), stated that the wetland functions refer to ecological, hydrological or other processes that 

contribute to the self-maintenance of the wetland and typically exert an influence (either positive or negative) on 
the surrounding ecosystems.  

The wetlands functions could be classified into functions associated with water quantity and water quality 
improvement and habitat. The functions associated with water quantity mainly include flood flow alteration and 
water storage. While those associated with water quality improvements include sediment, nutrient and toxicant 
removal, erosion control and shoreline stabilization. The functions associated with habitat are mainly defined as 
the characteristics or processes that occur in a wetland and provide habitat for a broad range of wildlife species, 
(Null et al., 2000). 

The  need  to  consider  ecological  value  and function  of the wetlands in  the  decision  making  process  
has  led  to  the  development  of  a  wide  variety  of techniques  for  wetland  assessment. The multi-function 
rapid assessment procedures  have  been  and  continue  to  be  the  most  commonly  used methodologies.  

The Wetland Evaluation Technique or WET, (Adamus et al., 1987), is a multi-function rapid assessment 
method. WET  is  a  broad-brush  tool,  which  uses  the  presence  or absence of a large set of wetland 
characteristics as correlative predictors of wetland functions. It is a comprehensive approach for evaluating 
individual wetlands.  

Smith et al. (1995), developed the hydrogeomorphic (HGM) approach which  can  be  used  to  measure  a  
large  suite  of  wetland  functions  in  a quantifiable consistent manner across a large geographic region. The 
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HGM approach provides a foundation for assessing the physical, chemical, and biological functions of wetlands. 
HGM is a reference-based technique, which compares the characteristics of a specific wetland with the 
characteristics of a group of wetlands in the region, and this information is used to assess the degree to which 
the individual wetland is performing selected functions.  

A numeric method was suggested for establishing the relative values of wetlands in regional planning. This 
rapid assessment method was called the Indicator Value Assessment (IVA). Performance and value scores 
calculated in this method may be used to assess possible impacts from different development scenarios, to 
identify compensation needs within a planning region, and to assess individual wetlands for enhancement, 
(Hruby et al., 1999).  

Miller and Gunsalus (1999), recommended the Wetland Rapid Assessment Procedure (WRAP), to assist the 
regulatory evaluation of mitigation sites. The method affords a measure of the degree to which a wetland 
provides specific wetland functions.  

The functional assessment approach "Watershed based Preliminary Assessment of Wetland Functions" 
(WPAWF) was suggested by Tiner (2003). This approach applies general knowledge about wetlands and their 
functions to develop a watershed overview that highlights possible significant wetlands in terms of their 
performance of various functions.  

Other methods incorporated the use of remote sensing and/or GIS for wetland functions assessment. Hsu et 
al. (1994), identified valuable wetland habitats using GIS and TM imagery. The model consists of a user 
interface to enable the user to change the weighting system and display the results.  

North Carolina Coastal Region Evaluation of Wetland Significance (NC-CREWS) was designed by Sutter 
et al. (1999). This watershed and landscape based wetlands functional assessment used GIS software and GIS 
based data to assess the level of water quality, wildlife habitat, and hydrologic functions of individual wetlands 
and the potential risk to watershed integrity if those wetlands were “lost”. 

Zahina et al (2001), developed new methodologies for assessing freshwater wetland function, pollution risk 
to freshwater wetlands, runoff volume from drainage basins, and potential pollution loading utilizing existing 
databases and GIS.  

The aim of this work is to integrate the remote sensing data and the GIS capabilities with the Wetland 
Evaluation Technique (WET) in function assessment of the wetlands along the Mediterranean Sea Coast. 

 
2. Study Area: 

 
Two study areas were selected, namely; El-Bardawil and El-Burullus areas, (Map1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Map 1: Location of the two study areas 
 

Egypt 



3735 
J. Appl. Sci. Res., 8(7): 3733-3739, 2012 

 

 

El-Bardawil study area is located in the northern part of 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. In spite of its importance, it is subjected 
to numerous threats, including; tourism, salt mining, in addition to some activities, such as grazing.  

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

 
Materials and Methods 

 
The Landsat ETM+ data 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) were used in this study. 
The images were subjected to pre-processing and processing steps to produce land use/ land cover maps with 
special emphases on wetlands (Morgan et al., 2012). The pre-processing steps included the use of linear stretch, 
median filter 3x3, a relative sun angle correction, resolution merge, mosaicking and finally subseting of the 
images for only the study area. The image processing included the principal component analysis (PCA) (both 
general and specific) and image classification (both unsupervised and supervised).  

Concerning the wetland evaluation method, the Wetland Evaluation Technique (WET), (Adamus et al., 
1987) was used in this study. WET could evaluate both the effectiveness and opportunity and the social 
significance of the wetlands functions. Effectiveness and opportunity measure the probability that a wetland has 
the capability and opportunity to perform a function. The evaluation has three levels of assessment and each 
level consists of a series of questions designed to characterize the wetland and its surroundings in terms of 
physical, chemical and biological attributes and processes. Responses to the questions results in a probability 
ratings of high, moderate, or low to wetland functions. 

On the other hand, social significance is a measure of the probability that a wetland is of value to society 
because of its natural features, economic value, official status and strategic location. The assessment consists of 
questions designed to determine if the wetland is beneficial to society and results in a probability ratings of high, 
moderate or low to wetland functions and values for social significance.  

The GIS capabilities were used to prepare the input of the method such as the area of the assessment unit, 
the area of the watershed in which the assessment unit is located and the existence of other wetlands within a 
buffer of 1 mile of the assessment unit. Additionally, the results of the evaluation were converted into database 
file and imported into the Arc View software. Afterwards, it was linked to the attribute table of the shape files 
representing the assessment units and consequently maps representing each function were produced.  

 
Results: 
 
Designing of an electronic version of WET (E-WET): 

 
Using the access software an electronic version of WET was designed for the current work and included all 

the questions required by WET with an interface that facilitate the input process as well as the output, (Figure 
1).  

 
 
 
 
 
 
 
 
 
 
 
  Effectiveness and Opportunity                                    Social Significance 

 
Fig. 1: Interfaces of E-WET 
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The programme was designed so that every group of questions for each level of evaluation was shown in a 
single interface for each wetland assessment unit. The questions were defined in a separate window of the 
interface to facilitate its viewing alongside with the question.  

4.2. Identification of the assessed areas                                                         
Based on the land use/ land cover maps produced from the ETM+ data and using the GIS capabilities the 

wetlands that covered an area of more than 20 km2 were selected and assessed. Accordingly, the assessed 
wetland in El-Bardawil study area comprised only one assessment unit (AUs). This unit included El-Bardawil 
Lake and the sabkhas that surrounded it and covered an area of 774.1 km2 (Map 2). The assessed El-Burullus 
wetlands included three units namely; AUk1, Auk2 and Auk3. El-Burullus shallow lake represented by unit 
AUk1 and covered an area of 465.9 km2. Two strips of wet sandy soils located on the Mediterranean Sea shores 
represented by units AUk2 and AUk3 and covered an area of 55.9 and 16.7 km2, respectively (Map 3). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Map 2: The wetland assessment units of El-Bardawil study area 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Map 3: The wetland assessment units of El-Burullus study area 
 
Wetland function effectiveness and opportunity evaluation: 

 
The assessed units AUs, AUk2c and AUk3c were considered marine wetlands while, unit AUk1 was 

estuarine wetland and consequently they were rated low for the groundwater recharge function effectiveness 
(Table 1).  
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Table 1: The wetland function effectiveness and opportunity evaluation  

Wetland Function  
effectiveness / opportunity 

Study area 
El-Bardawil El-Burullus 
AUs AUk1 AUk2 AUk3 

Groundwater recharge effectiveness effectiveness Low Low Low Low 
Shoreline stabilization  effectiveness Low High Low Low 
Nutrient removal and retention effectiveness effectiveness 
effectiveness 

Low High Low Low 

Nutrient removal and retention opportunity oopportunity Moderate High Low Low 

 
This was because in marine and estuarine wetlands if any recharge occurs, it is economically detrimental 

due to insufficient vertical head to recharge groundwater on a net annual basis. Also, the salinity is high, in case 
of the marine wetlands, and recharge of saline water is not desirable in terms of water tastiness.  

Units AUs, AUk2 and AUk3 were considered low rated for shoreline stabilization function effectiveness 
because they lacked any emergent vegetation and their soils texture was sandy and therefore lacked the 
favorable gravely or courser texture grade for this function. On the other hand, unit AUk1c contained substantial 
emergent vegetation cover throughout the lake which, included mostly Phragmites australis (common reed), 
Typha domigensis (reed maca). Also, within the west side of the lake, the floating plants Eichhronia crassipes 
(water hyacinth) was present. It also contained numerous islands that could intercept the waves and thereby 
protects other nearby shores. Based on the above mentioned characteristics these units were rated high for this 
function.  

Concerning the nutrient removal and retention effectiveness, the assessed wetland unit AUs was rated low. 
This rating was based on its lacking any of the conditions that supported its functioning effectiveness. It was not 
characterized by any direct alteration such as tillage or filling or blocking an inlet or adding an outlet took place. 
It also lacked any vegetation and consequently no diversity of vegetation exists. In addition, their soils were 
sandy textured and not fine textured. Also, there was no evidence of high nutrient concentration (the effects of 
the Salt Co. and El-Arish- El-Kantara Road or any other human activities are localized and still do not have any 
serious impacts on the lake even so its effect is more obvious on the sabkhas).  

The assessed units AUk2c and AUk3c were also rated low mainly even so they were subjected to direct 
alteration represented by being partially reclaimed within the past three years but they lacked any vegetation and 
their texture was sandy.  

While unit AUk1 was rated high because its soil was were clayey with relatively high organic matter 
content. Persistents rooted and floating vegetation were present as previously mentioned and thus allowing a 
diversity of the vegetation cover in the assessed units, in addition it was declared a protectorate.  

In unit AUs there was no evidence of high nutrient concentration represented mainly by the algae blooms 
and turbid lake water even so, more obvious in the sabkhas. Nevertheless, it was located in a large sized 
watershed and its area was less than 15% of the watershed area, which could increase the nutrient loadings into 
the assessed unit and therefore, it was rated moderate for nutrient removal and retention opportunity.  

Unit AUk1 was rated high because there was evidence of high nutrient concentration in this unit 
represented by the algal blooms that were present in the lake and the drainage systems, which discharged into 
the lake and were considered the main sources of contaminants. These conditions were absent in units AUk2 
and AUk3. In addition, they had no vegetation and were located in a dry region within a small watershed and 
covered of more than 15% of the watershed area and therefore, they were rated low.  

4.4. Wetland social significance evaluation 
The assessed unit AUs, Auk1 and AUk1 were rated moderate for groundwater recharge social significance 

mainly because it represented most of this wetland system in the locality (Table 2). In addition, unit AUk1 was 
located in an urban area. Unit AUk3c was rated low because it’s small size.  
 
Table 2: The wetland function social significance evaluation  

Wetland Function social significance 

Study area 

El-Bardawil  El-Burullus  

AUs AUk1 AUk2 AUk3 

Groundwater recharge Moderate Moderate Moderate Low 

Shoreline stabilization High High High High 

Nutrient removal and retention Moderate High Moderate Low 

 
All the evaluated units were rated high for shoreline stabilization social significance because they act as 

buffer to the surrounded social and economic valued areas.  
Units AUs and AUk2c were rated moderate because it represented most of this wetland system in its 

locality (marine systems). Unit AUk1c was rated high because El-Burullus Lake water was subjected to 



3738 
J. Appl. Sci. Res., 8(7): 3733-3739, 2012 

 

 

contamination resulting from discharging the drainage water into it. This unit also was located in an urban area 
and represented most of this wetland system in its locality. Unit AUk3c lacked all the previous conditions and 
therefore, were rated low.  

 
5. Conclusion and recommendation: 

 
El-Bardawil wetland was rated moderate for the groundwater recharge social significance and low for this 

function effectiveness. But unfortunately the effectiveness was rated based on the wetlands type which could not 
be artificially altered. The same unit was rated high for shoreline stabilization social significance but the 
function effectiveness was considered low. Improving its effectiveness could be achieved by providing 
substantial vegetation cover to anchor the shoreline soils especially using trees and shrubs. Covering the 
seacoast with rocks could also be suggested as an alternative. It is also recommended that the remaining of the 
assessed unit to be conserved as a protectorate as well, especially the remaining part of El-Bardawil Lake, which 
is considered the least polluted lake in Egypt. Concerning the nutrient removal and retention social significance, 
this unit was rated moderate but rated low for the function effectiveness and moderate for the function 
opportunity. Enhancing this function could mainly be achieved by the presence of vegetation coverage. It is also 
recommended that the source of this hazard namely; the anthropogenic activities surrounding the lake would be 
properly managed and controlled and preferably declaring the whole study area as a protectorate. 

The assessed El-Burullus wetlands units AUk1 and AUk2 were rated moderate for the groundwater 
recharge social significance but were rated low for this function effectiveness. However, the effectiveness was 
also influenced by the wetlands type weather estuarine as in the case of unit AUk1 or marine as in the case of 
unit AUk2 and therefore, could not be altered. On the other hand, unit AUk3 was rated low for both the social 
significance and effectiveness and therefore, when considering this function only reclaiming these units is an 
advantage. All the evaluated El-Burullus units were rated high for shoreline stabilization social significance. 
However, unit AUk1 was rated high while units AUk2 and AUk3 were rated low for its effectiveness. 
Therefore, It is recommended to enhance the ability of units AUk2 and AUk3 to perform this function and 
declare unit AUk3 as a protectorate as the case of units AUk1 and AUk2 .  

Unit AUk1 was rated high for nutrient removal and retention effectiveness, opportunity and social 
significance. In addition, this unit was declared a protectorate, therefore, it is of main concern to conserve its 
current condition and prevent it from any further degradation resulting from the discharge of the drainage 
system of the delta into it. Unit AUk2 was rated low for this function effectiveness and opportunity but was 
rated moderate for its social significance. Therefore, it is recommended to enhance its effectiveness as this area 
already declared a natural protectorate. Unit AUk3 was rated low for this function social significance and low 
for its effectiveness and opportunity. Therefore, when considering this function only, reclaiming these units is 
an advantage. 
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