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Abstract: This study aims to use spatial analyses in Geographic Information System (GIS) to assess

the environmental sensitivity for desertification in Wadi El Natrun Depression, Egypt. The thematic

layers of soils, vegetation, climate and management quality indices are the main data required for

estimating the Environmental Sensitivity to desertification. These layers were extracted and

manipulated from the available topographic, geologic map, satellite image and field survey data

analyses. Spatial analyst function in Arc-GIS 9.0 software was used for matching the thematic layers

and assessing the desertification index, of which the map of environmentally sensitive areas of Wadi

El Natrun is produced. The obtained data reveals that the high sensitive areas for desertification in

Wadi El Natrun is located in the western south parts of the depression, it represents 12.56 % of the

area. The moderate sensitive areas for desertification exhibit the rest of the southern parts of the

depression as it represent 41.86 % of the total area. The northern parts of the Depression are

characterized by a very low and low sensitivity for desertification as they represent 25.35 and 56.99

% of the total area respectively. It is recommended that the sustainable development in this area

should concentrate on the southern parts of the depression where the modeled desertification index

is minimal.  
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INTRODUCTION

Wadi El-Natroun is a narrow depression located in the west of the Nile Delta, approximately 110 km

northwest of Cairo between longitudes, 30º 02´ and 30º 29´ E and latitudes, 30º 16´ and 30º 32´ N (fig. 1).

The total area of Wadi El Natrun is about 281.7 Km  (i.e. 67608 feddans), extended in a NW-SE direction2

and 23 m below sea level. This area has always been confined as a possible area for reclamation and

utilization due to its location and the presence of ground water in a suitable quality for irrigation. The origin

of the underground water in Wadi El-Natroun is seepage from the Nile stream, due to its proximity and low

level (El- Maghraby, 1990). Wadi El Natrun area considered as an extremely arid region where the mean

annual rainfall, evaporation and temperature are 41.4 mm, 114.3 mm and 21ºC respectively (Egyptian

Metrological Authority, 1996). The environmental sensitivity of an area to desertification is a complex concept

to rationalize since, depending on the context, it can be caused by many different factors operating in isolation

or in association (Rubio, 1995, Thornes, 1995, UNEP, 1992& Basso et. al., 2000 ). An Environmental

Sensitive Area (ESA) can be considered, in general, as a specific and delimited entity in which environmental

and  socio-economical  factors  are  not  balanced  or  are  not sustainable for that particular environment.

The environmentally Sensitive Areas (ESA’s) to desertification around the Mediterranean region are found in

a different sensitivity status to desertification for various reasons, i.e. low rainfall and extreme events due to

low vegetation cover, low resistance of vegetation to drought, steep slopes and highly erodable parent material

(Ferrara et. al., 1999). Desertification is the consequence of a set of important processes, which are active in

arid and semi-arid environment, where water is the main limiting factor of land use performance in ecosystems

(Batterbury and Warren, 2001). Desertification of an area will proceed if certain land components are brought

beyond specific threshold, in which further change produces irreversible change (Tucker et. al., 1991 &

Nicholson et. al., 1998). The various types of ESA’s to desertification can be distinguished and mapped by

using certain key indicators for assessing the land capability to withstand further degradation, or the land

suitability for supporting specific types of land use. The key indicators for defining ESA’s to desertification,
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Fig. 1: Location of the studied area

which can be used at regional or national level, can be divided into four broad categories defining the qualities

of soil, climate, vegetation, and land management (Kosmas et al. 1999). The Environmental Sensitivity Index

(ESI) to desertification of an area can also be seen as the result of the interactions among elementary factors

(information layers) that are differently linked to direct and indirect degradation or desertification phenomena

(Basso et. al. 1998). Severe, irreversible environmental degradation phenomena could be result from a

combination of poor management quality together with various combinations of critical environmental factors

(soil, climate, and vegetation). 

This study aims at using spatial analyses in a Geographic Information System (GIS) to assess and map

the environmental sensitivity for desertification in Wadi El Natrun Depression depending upon the soils,

climate, vegetation and management quality indexes.

MATERIALS AND METHODS

Concerning the data required for estimating the Environmental Sensitivity to desertification, the indices

of soils, vegetation, climate and management were computed. The main input data for calculating these indices

include land surveying and laboratory analyses, Landsat ETM  image (path 177 / row 39), Digital Elevation+

Model (DEM), climatic data and geological map of Wadi El Natrun area (CONOCO, 1989). An image

processing system (i.e. ENVI 4.2) and a GIS system (i.e. Arc GIS 9.0) were the main tools in indices

computations and ESA’s mapping. Figure (2) demonstrates the main flow chart of concepts and studied steps

performed in the current study, weighting factors of each category of the considered parameters were used on

basis the Mediterranean Desertification and Land Use (MEDALUS). Morphological description for 12

observation points (fig. 3) representing the different landforms of the depression was done using the FAO

guidelines  (FAO, 2006)  and the particle size distribution for the collected soil samples was carried according

to USDA  manual of laboratory analyses methods USDA, (2004).

The quality indices were calculated and displayed as GIS ready maps from which class areas were

deduced. Desertification Sensitivity Index (DSI) was calculated in the polygonal attribute tables linked with

the geographic coverage using the spatial analyst tool in Arc GIS 9.0 software. Based on the estimated value

of DSI the classes of desertification sensitivity in the area can be described as illustrated in table (1)
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Where: (1) Ip= parent material, It= soil texture, Id= soil depth, Is= slope gradient, Ir= rock fragments, Ig=

drainage (2) Iep= erosion protection, Idr= drought resistance, Ivc= vegetation cover, Ifr= fire risk (3) Ia= aridity

index, Ira= rainfall, Isa= slope aspect (4) Icr= crops intensity, Ior= orchards intensity, Isr= shrubs intensity,

Ipe=policy enforcement.

Fig. 2: Scheme of environmental sensitive assessment

Fig. 3: Location of the observation points plotted over Landsat ETM  +
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Table 1: Description of the classes of desertification sensitivity index (DSI)

Classes DSI Description

1 < 1.2 Areas in which critical factors are very low or not present, with a good balance between 

environm ental and socio-economical factors

2 1.2 < DSI < 1.3 Areas threatened by desertification under significant clim ate change, if a particular com bination

of land use is implemented or where offsite impacts will produce severe problems.

3 1.3 < DSI <1.4 Areas in which any change in the delicate balance between natural and hum an activity is likely

to bring about desertification.

4 1.4 > DSI <1.6 Areas already highly degraded through past misuse, presenting a threat to the environm ent of the

surrounding areas or with evident desertification processes.

5 > 1.6 Very sensitive areas to desertification

Desertification Quality Index (DSI) = (SQI * VQI * CQI*M QI) 1/4

RESULTS AND DISCUSSIONS

Four layers were used to assess desertification sensitivity (DSI) and for  mapping the environmentally

sensitive areas (ESA, s) in the studied area, including soils, climatic, vegetation and management quality

indexes.  These layers were created in a geographic information system (GIS) using the spatial analyst tool.

The Landsat ETM  image of the studied area and the digital elevation model were used to establish the main+

land type layer, this layer was used as a base map in the geographic information system. 

Soil is an essential factor in evaluating the environmental sensitivity of an ecosystem, especially in the

arid and semi-arid zones. Soil properties related to desertification phenomena include water storage and

retention capacity and resistance to erosion. The soil quality index (SQI) was evaluated depending upon

drainage condition, rock fragments (%) slope gradient (%), soil texture class, soil depth (cm) and parent

material. Figure (4) represents the layer of soil quality index of the study area. The results indicate that the

areas of high soil quality index (value <1.13) represent 10.45 % of the total area (i.e. 29.44 Km ), the areas2

of moderate quality index (value = 1.13 – 1.45) represents 32.29 % of the total area (i.e 90.95 Km ) and the2

areas of low soil quality index (value >1.45) represents 57.26 % of the total area (i.e 161.31 Km ). The low2

soil quality dominates the areas characterized by sandy texture, shallow depth and poor drainage. Table (2)

illustrates the general characteristics, classes and scores of the soil quality index.

Fig. 4: Soil quality index (SQI) layer of Wadi El Natrun Depression

Climate quality index (CQI) is assessed depend upon the amount of rainfall, aridity and slope aspect

parameters. The amount of rainfall and aridity are the same in the depression, but the microclimate differ from

place to another depend on the surface slope and slope aspect. The digital elevation model (DEM) of the

depression (fig., 5) was established and used for extracting the slope aspect. The layer of climatic quality index

of the area is represented in figure (6). It is clear that the area is dominated by moderate (1.50 – 1.80) and

low (>1.80) climatic index. The changes in the index values are related to the local condition i.e. surface slope

and slope aspect.
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Table 2: Classes and scores of the soil parameters

Parent material Texture Depth (cm) Slope (%) Rock fragments (%) Drainage condition

Site  no. -------------------- ------------------- ------------------- ------------------ ------------------------ --------------------------

C Sc C Sc C Sc C Sc C Sc C Sc

1 S/U 1 S 2 >100 1 < 6 1 <15 1.3 W 1

2 S/U 1 S 2 >100 1 >6 1.2 <15 1.3 W 1

3 S/U 1 S 2 >100 1 < 6 1 <15 1.3 W 1

4 S/U 1 S 2 >100 1 < 6 1 <15 1.3 W 1

5 S/U 1 S 2 >100 1 < 6 1 <15 1.3 W 1

6 S/U 1.7 S 2 100-75 2 >6 1.2 <15 1.3 I 1.2

7 S/U 1 S 2 >100 1 < 6 1 >15 1 W 1

8 S/U 1 SL 1 100-75 2 < 6 1 >15 1 I 1.2

9 L/S 1.7 LS 1 100-75 2 >6 1.2 <15 1.3 I 1.2

10 L/S 1.7 SL 1 <75 3 < 6 1 >15 1 P 2

11 L/S 1.7 LS 1 <75 3 < 6 1 >15 1 P 2

12 L/S 1.7 LS 1 <75 3 < 6 1 >15 1 P 2

Where: C= Class, Sc= score, S/U= shale and unconsolidated materials, L/S= limestone and sandstone, S=sandy, SL= sandy loam, LS=

loamy sand, W= well drained, I= imperfectly, P= poor drained.

Fig. 5: Digital elevation model (DEM) of Wadi El Natrun Depression

 

Fig. 6: Climatic quality index (CQI) layer of Wadi El Natrun 
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Vegetation plays an important role in mitigating the effects of desertification and degradation phenomena.

The plant cover (%), erosion protection, drought resistance and fire risk parameters were used for assessing

the vegetation quality index (VQI). Figure (7) represents the layer of vegetation quality index of the area. The

data indicate that the areas of high vegetation quality (Value <1.20) dominate the northern east parts of the

depression,  it represents 8.45 % of the total area (i.e. 23.79 Km ), the moderate vegetation quality index2

(Value 1.2 – 1.4) dominates the southern and north western parts of the depression, it represents 39.98 % of

the total area (i.e. 112.63 Km ). The low (Value 1.4 – 1.6) and very low vegetation index (Value >1.60)2

dominates the rest of the depression representing 27.37 and 24.20 % of the total area respectively. The low

vegetation index is due to the low density of plant cover.

Fig. 7: Vegetation quality index (VQI) layer of Wadi El Natrun 

The crops, orchards and shrubs intensity layers were used with the policy enforcement data in the different

land use type to assess the management quality index (MQI). Figure (8) represents the layer of management

quality index of Wadi El Natrun Depression. The obtained data reveals that the areas of high quality

management index are found in the north and south western parts of the depression as it represents 9.95 %

of the total area (i.e. 28.2 Km ). The areas of moderate and low management quality represent 59.67 and 30.392

% of the total area respectively. The high values of the management quality index are due to the low intensity

of the different land uses and the absence of the policy enforcement. 

Fig. 8: Management quality index (MQI) layer of Wadi El Natrun 
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The four previous layers were coincided together to assess the environmentally sensitive areas (ESA’s)

to desertification, on basis of the calculated desertification sensitivity indices (DSI). Figure (9) shows the

distribution of environmentally sensitive areas (ESA’s) in Wadi El Natrun Depression, it is clear that the high

sensitive areas for desertification in Wadi El Natrun are found in the south eastern parts, where the soil quality,

climatic quality  and  management  quality  are  low; these areas represent 12.56 % of the depression area

(i.e. 35.38Km ). The areas of moderate sensitive for desertification exhibit the rest of the southern parts of the2

depression as it represent 41.86 % of the total area (i.e. 117.91 Km ). The northern parts of the Depression2

are characterized by a very low and low sensitivity for desertification as they represent 25.35 and 56.99 % of

the  total  area  respectively. The low sensitivity for desertification is due to the good vegetation cover and

soil quality. 

Fig. 9: Environmentally sensitive areas (ESA, s) of Wadi El Natrun 

Conclusion:

Spatial analysis is a useful tool in the geographic information system (GIS), which allow creating of

thematic layers in a raster format. This data structure can provide the most comprehensive modeling for layers

analysis for special purposes i.e. assessing the desertification sensitivity index and mapping the environmentally

sensitive areas. The assessment of desertification sensitivity is rather important to plan combating actions and

to improve the employment of natural resources. The quantitative aspect of desertification sensitivity

demonstrates a clearer image of the risk status, thus, reliable priority actions can be planned. Action measures

are essential for intended sustainable agricultural projects in Wadi El Natrun especially in the southern parts

which are susceptible to moderate or high desertification sensitivity. 

In spite of the relatively small area of Wadi El Natrun, it includes different types of landforms, soils and

vegetation cover, therefore the sensitivity for desertification is expected to differ widely in the depression.
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