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ABSTRACT 

Current study aimed at classifying the environmental sensitivity to desertification using 
quantitative indices of soil, groundwater, erosion, and vegetation qualities. In addition to monitor the 
changing trends of the environmental sensitivities regarding their intensity and quality with time. Two 
studied areas were chosen to model soils of West of Delta. The first located at Sugar beat area over 
21300 faddans while the second located at El-Bostan area over 14800 faddans. A comparison between 
their sensitivity qualities was performed during a period of 25 years starting in 1990 till 2015. Using 
an ETM image, DEM was processed in which slope gradient was extracted. Field investigations were 
undertaken. Soil mapping units were sampled at representative profiles. Laboratory analyses were 
carried out for collected soil samples. MEDALUS model published by the European Commission 
(Kosmas et al., 2003) was used for sensitivity evaluation, in addition to some modification done by 
Desert Research Center (DRC) staff (Hegazi et al., 2009). Results of calculating the environmental 
sensitivity areas (ESAs) for desertification indicated that Sugar beat area was classified as moderate 
sensible where ESIs ranged between 1.327-1.374 over 38.0% in 1990, while being between 1.354-
1.386 over 38.3% in 2015. Meanwhile, the moderate ESIs at El-Bostan vary between 1.313-1.357 over 
39.9% in 1990, which surpass to be between 1.335-1.373 above 41.5% in 2015. Studied areas were 
partially classified as very sensitive and sensitive to desertification. It was grown up at Sugar beat as 
accounted for 9.1% in 1990 and 13.4% in 2015 of the total area. While it was completely renovated 
into moderate sensitive at El-Bostan due to ground leveling and existence of sufficient vegetation 
cover. Percentages of sensitivity classes at Sugar beat in 1990 found to be very close to corresponding 
values in 2015, but with different spatial distributions. Further, the study achieved more positive 
changes of El-Bostan sensitivity than occurred in Sugar beat which had more intensive limitations i.e. 
shallow profile depth, saline groundwater as sea water intrusion, soil salinization, and difficulty of 
leveling due to ground hardness as affected by high lime content rather than rock exposures. It can be 
concluded that implementing maps of sensitivity to desertification is rather useful in the newly 
reclaimed desert areas as they give more likely quantitative trend for frequency of sensitivity. Applied 
agricultural systems affect negatively on increase the environmental sensitivity to desertification in 
some locations at both of studied areas. Therefore, it is necessary to re-evaluate current practices 
and/or land uses to prevent that degradation. 

Key words: Desertification, environmental sensitivity indices, soil quality, sugar beat area, El-Bostan 
area, West of Delta. 

INTRODUCTION 

Desertification is recognized as a process of 
land degradation in arid, semi-arid and dry sub-
humid areas resulting from various factors, 
including climatic variations and human 

activities. As land degradation implies the 
reduction of the resource potential of the 
landscape through different processes (UNCCD, 
1999 and 2002). The need to assess sustainable 
land use requires an addressing to the 
degradation issue and associated risks using 
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proper methods according to the locally 
dominant degradation processes. It is important 
to identify and describe the driving forces 
leading to land degradation to understand the 
phenomenon at a local scale. An environmental 
sensitive area to desertification (ESA) could be 
considered as a spatially delimited area in which 
some key aspects related to its sustainability are 
unbalanced with a particular environment 
(Kosmas et al., 2003).  

Success in combating desertification requires 
assessment and mapping of desertification 
forces in arid and semi-arid environments. The 
first attempt for assessment and mapping the 
desertification process was presented by 
FAO/UNEP (1984). This study was carried out 
based on data collected under the project Global 
Assessment of Soil Degradation (GLASOD) 
indicated that 19.5% of dry lands of the world 
have been affected by soil degradation. 
However, it should be mentioned that the 
GLASOD estimates are mainly based on expert 
judgments that are necessarily subjective. 

It has been widely investigated and documented 
that over the last several decades the Mediterranean 
region has been subjected to major changes in 
land uses and covers (Brandt and Thornes, 1996; 
Kosmas et al., 1999; Balabanis et al., 2000; 
Burke and Thornes, 2004). That was a result of 
the relocation of people, the abandonment of 
farms and the intensification of agriculture. 
MEDALUS method (Kosmas et al., 1999) 
present an algorithm used in identifying regions 
that are environmentally sensitive to 
desertification. ESAs to desertification can be 
analyzed in terms of various parameters such as 
landforms, soil, geology, vegetation, climate and 
human actions. Each of these parameters is 
grouped into various uniform classes and a 
weighting factor is assigned to each class. 
According to that model, four layers are 
evaluated: soil quality, climate quality, 
vegetation quality and management quality. 
Desert Research Center (DRC) staff 
incorporated some significant parameters related 
to soil salinity, drainage, rock fragments, 
erosion, runoff and groundwater, which are 
considered as local circumstances affecting the 
sensitivity to desertification in the Egyptian 
agroecological zones (Hegazi et al., 2009). 

The western fringe of Nile Delta was 
introduced into land reclamation during the 
sixtieth of the last century. Rapid evolution was 
obviously monitored of land uses at the region 
during the last 25 years. Sugar beat and El-
Bostan areas were selected into the current study 
as representative models for agrarian expansions 
at west of Delta during that period. Changes 
occurred in the studied areas during the recent 
decades in land use and land cover have been 
induced mostly by man and resulted in 
acceleration of different degradation processes. 
On the other hand, many descriptive 
investigations were carried out, however the 
quantification of the land degradation issue is 
clearly missed. Therefore, the present study is 
devoted to quantify the change of the 
environmental sensitivity to desertification in 
the compared locations at West of Delta region. 
The objective was to construct spatial and 
temporal comparative models for assessing 
desertification qualities between two timing 
points in the studied areas. Chosen factors for 
modeling the environmental sensitivity to 
desertification include soil quality, erosion 
quality, groundwater quality and vegetation 
quality. The environmentally sensitive areas 
(ESAs) and corresponding indices (ESIs) were 
assessed. 

MATERIALS AND METHODS 

Studied Areas 
For assessing the desertification sensitivity in 

the current study, two sites representing the 
newly reclaimed locations at West of Delta 
region were selected; (1) Sugar beat area located 
at west of Nubaria and (2) El-Bostan area 
located at east of Wadi El-Natrun (map 1.a). 
Generally, both of selected areas at West Delta 
region have a typical semi-arid climate 
characterized by hot dry summer and rainy 
warm winter. 

 Sugar beat area 
It is represented by villages Nos. 26, 27 and 

28 which extend over 21300 faddans. 
Geographically, it is located between 30° 42' 
28''-30° 45' 42'' N and 29° 26' 16''-29° 30' 31'' E 
(map 1.b-c). Its elevation ranges from 44 – 60 m 
a. s. l. with almost flat to undulating topography. 
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Soils found throughout the area were formed of 
late Pleistocene calcareous sediments, sometime 
mixed with gypsi-ferrous materials or sand. As 
well marine limestone coastal beach ridges were 
formed by successive high sea levels. Holocene 
aeolian sand mixed with fluvial loam sediments 
are most noticeable in the southern part of the 
area with altering Pliocene calcareous sandstone 
beds. 

As agrarian reclamation started in 1985, so 
Sugar beat is rather older than El-Bostan area 
regarding agricultural land use. The area 
irrigated mainly by pumped Nile water through 
El-Nasr canal. Some areas irrigated using 
groundwater through scattered shallow to deep 
artesian wells. Nowadays, intensive land use led 
to rapid water Table rising to be within 1 m of 
the surface in some parts of the area causing 
water logging and secondary salinization.  

El-Bostan area 
It belongs to the third stage of land 

reclamation at El-Bostan sector which extends 
over 75000 faddans. From which, the studied 
area was chosen to include Gaber Ben Hian and 
Abu Bakr El-Sedeek villages over 14800 
faddans. It is bounded between 30° 28' 17''-30° 
34' 37'' N and 30° 12' 40''-30° 18' 53'' E (map 
1.d-e). Its elevation ranges from 24 – 40 m a.s. l. 
with almost flat to undulating topography. 
Geologically, as the area is located west of the 
Nile Delta and east of Wadi El-Natrun, its soils 
were developed from Pleistocene and Holocene 
deposits having widely distribution and 
essentially formed of sands and gravels. 
Geomorphologically, three landforms 
characterizing the area namely; wind blown 
sand deposits, deltaic stage of various river 
terraces and Wadi El-Natrun complex. 

The considered area is irrigated mainly using 
pumped Nile water through El-Bostan canal. 
Some scattered orchards are irrigated from 
dominant shallow groundwater. Soils have loose 
structure and low organic matter content which 
make them very susceptible to wind erosion 
(Biroudian et al., 2006). The natural vegetation 
habitats found to be typical as found in the 
Western Desert of Egypt i.e. Artemisia 
monosperma, Pityranthus tostuosus, Aristida 
pliniosa, and other common perennial species. 

Sensitivity Indices 
The Environmental Sensitivity Index (ESI) 

of an area to desertification can 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. Four quality indices 
were selected and computed to assess the 
environmental sensitivity to desertification in 
the investigated areas after Kosmas et al. (2003) 
and Hegazi, et al. (2009). The indices selected 
are soil quality index (SQI), groundwater quality 
index (GQI), erosion quality index (EQI) and 
vegetation quality index (VQI). The climatic 
quality index was neglected as the two studied 
locations have similar arid desert climate. Fig. 1 
illustrates the main flow chart of concepts and 
studied steps performed in the present study. 

In the original MEDALUS approach four 
main indicators have been used to assess the 
desertification intensity of an area. They are soil, 
climate, vegetation and management, where 
each main factor includes some sub-indicators. 
Meanwhile, the main deteriorating factors in the 
studied areas are waterlogging and soil erosion 
processes which are not directly used in the 
original MEDALUS model. Therefore, some 
additional factors are needed to be incorporated 
in current study according to Hegazi et al. 
(2009) i.e. erosion quality and groundwater 
quality. As well some sub- indicators of soil 
quality i.e. salinity, drainage and rock fragments.   

A quantitative classification scheme with 
values ranging from 1 to 2 has been applied 
throughout the model for individual indices as 
well as the final classification of Desertification 
Sensitive Areas (DSAs). The value 1 was 
assigned to areas of least sensitivity and the 
value 2 was assigned to areas with the most. 
Values between 1 and 2 reflect relative 
vulnerability.  

Mapping soil quality index (SQI) 

Soil is the dominant factor of the terrestrial 
ecosystems in arid and semi arid zones. Seven 
soil parameters were considered related to 
parent material, soil depth, soil texture, slope 
gradient, soil salinity, drainage and rock 
fragments, following Kosmas et al. (2003) and 
Hegazi et al. (2009). Weighting factors were
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Map. 1. LANDSAT images of the studied locations at West of Delta 
(a) General location – (b/c) Sugar Beat 1990 -2015- (d-e) El-Bostan 1990-2015. 
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Fig. 1. Flow chart of mapping environmentally sensitive areas (ESAs) 

 

assigned to each category of the considered 
parameters, on basis of European Commission 
(1999). According to International ESI Atlases 
(2005) the Soil Quality Index (SQI) was 
computed on basis of the following equation: 

SQI= (Ip × Id × It × Is × Isa × Idr × Irf)1/7 

Where: 

Ip= Index of parent material, Id= Index of soil 
depth, It = Index of soil texture, Is= Index of 
slope gradient, Isa=Index of salinity, Idr= index 
of drainage, Irf= Index of rock fragment. 

Mapping groundwater quality index (GQI) 

The second water source for irrigation in the 
areas under studying is groundwater. So, it is 
necessary to add GQI to the current model due 
to that deterioration occurs in some locations at 
the studied areas as affected by rising of rather 
saline groundwater. Therefore, it is evaluated in 
terms of two aspects; groundwater depth and 
salinity. Suggested arithmetic equation for GQI 
calculation as follows: 

GQI= (Iwd × Iws)1/2 

Where: 

Iwd = Index of ground water depth, Iws= Index 
of ground water salinity. 

Mapping erosion quality index (EQI) 

In current study, soil erosion is considered as 
an expression of total soil loss to indicate the 
sensitivity to desertification. Quantities of soil 
loss from the studied areas by water estimated 
by Universal Soil Loss Equation (USLE), 
whereas, soil loss by wind was estimated using 
Wind Erosion Equation (WEE) during the 
periods 1980-1990 and 2005-2015. Index of soil 
loss by water (Islwr) and index of soil loss by 
wind (Islwd) are calculated, respectively and 
used to determine the erosion quality index 
(EQI) according to Kosmas et al. (2003) as the 
following equations: 

Islwr= (soil loss by water)1/5 

Islwd= (soil loss by wind)1/5 



 
Mohamed E.A. Khalifa 906

EQI= (Islwr × Islwd)1/2 

Where: 

Islwr= Index of soil loss by water, Islwd= Index 
of soil loss by wind. 

Mapping vegetation quality index (VQI) 

It was evaluated in terms of three aspects; 
plant cover, erosion protection and drought 
resistance. An ETM satellite images were 
classified and field validation was performed to 
convert the unsupervised classes to vegetation 
type. Rating values for these parameters were 
adapted on the basis of Observatory of the 
Sahara and Sahel (OSS, 2004). VQI was 
classified as mentioned in the European 
Commission (1999) and calculated using the 
following equation: 

VQI= (Ipc × Idrs × Iep)1/3 

Where: 

Ipc= Index of plant cover, Idrs = Index of 
drought resistance, Iep= Index of erosion 
protection. 

Mapping environmentally sensitive areas 
(ESAs) to desertification 

The sensitivity to desertification expressed as 
environmental sensitivity index (ESI) was 
finally evaluated by integrating all data 
concerning physical environment as follows: 

ESI = (SQI × GQI × EQI × VQI)1/4 

According to the calculated different quality 
indices, ARC-GIS is used to deduce classes of 
sensitivity map. Classification of (DSI) was 
done according to the values of Medalus project 
(European Commission, 1999) as shown in 
Table 1. 

Data Collection and Processing 
Available data and information related to 

soils, plant cover, erosion and groundwater 
required to fulfill distinguishing severity of 
desertification were collected for both of studied 
areas, (IFAD, 1992) and (BADP, 1995). For 
present study, a total of 15 and 12 soil profile 
locations were identified at Sugar beat and El-
Bostan areas, respectively to represent soil 
mapping units of each. Field investigations were 
carried out on the basis of guidelines for soil 
description, FAO (2006) including definition of 
physiographic features, detailed pedo-
morphological descriptions of soil profiles with 
assessing effective soil profile depths. 
Representative soil samples were compiled for 
further laboratory analysis to determine soil 
texture and salinity according to USDA (2014). 

A mosaic of LANDSAT ETM+ and SRTM 
images for studied areas were processed using 
the ERDAS system (IMAGINE 8.6, 2001). 
Images were used for vegetation cover 
calculations and slope gradient extraction. 
Computational and map editing functions were 
performed using Arc GIS 9.2 (ESRI, 2006) to 
find out the environmental sensitivity areas 
(ESA’s).

 

Table 1. Classes of desertification sensitivity indices (DSI) 

Classes DSI Description 

1 < 1.20 Non affected areas to desertification 

2 1.20 - 1.30 Low sensitive areas to desertification 

3 1.31 - 1.40 Moderate sensitive areas to desertification 

4 1.41 - 1.50 Sensitive areas to desertification 

5 > 1.50 Very sensitive areas to desertification 
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RESULTS AND DISCUSSION 

 Soil Quality Index (SQI) 
Soils of the area under consideration at Sugar 

beat were originated from different materials, 
including Pleistocene marine coastal limestone 
ridges, Holocene aeolian sand dune and Pliocene 
calcareous sandstone beds. Five soil mapping 
units could be differentiated in the area based on 
the variations in profile depth, soil texture and 
topography (map 2-A). The area was dominated 
over 26.4% of the total area by the unit "deep to 
moderately deep moderately coarse-textured 
soils sometimes finer at surface with almost flat 
topography". Meanwhile, soils of the selected 
location at El-Bostan area were originated form 
wind blown sand deposits, Deltaic stage of 
various river terraces and Wadi El-Natrun 
complex (map 2-B). In accordance with 
differences in profile depth, texture and 
topography, four soil units may be 
distinguished. They dominated over 37.7% of 
the total terrain by the unit "deep coarse textured 
soils with undulated topography" (map 2-B).    

Soil parent materials were classified 
regarding their sensitivity to desertification in 
Sugar beat and El-Bostan areas as summarized 
in Tables 2 and 3. Results show the variability 
of parent material nature either inside or 
between the studied sites. While the moderately 
coherent marine limestone and friable sandstone 
characterized by moderate sensitivity class cover 
60.5% (12887 faddans) of Sugar beat, its 
frequency is limited only over 12.7% in El-
Bostan (1835 faddans). Rest of the studied area 
at Sugar beat splits parent material between the 
coherent (20.2%) and the soft to friable (19.3%) 
attaining good and poor sensitivity classes, 
respectively. Poor parent material which 
originated from soft to friable materials is 
dominated El-Bostan over 87.6% of the total 
area (12965 faddans), indicating more 
sensitivity to the desertification processes. It 
may be outlined that the southern portions at 
West of Delta include more sensitive parent 
material than the northern ones. Soils of both 
studied locations were originated from certain 
parent materials doesn't change with time, 
thereupon, data revealed concerning parent 
material sensitivity are similitude at 1990 and 
2015.     

Tables 2 and 3 show that soils in the considered 
areas at 1990 are mostly characterized either by 
a deep to moderately deep soil depth (map 2), 
reflecting good to moderate sensitivity to 
desertification. In particular, Sugar beat soils 
characterized by deep and moderately deep 
depths over 32.5% (6923 faddans) and 48.2% 
(10255 faddans), respectively. Shallow soil 
depth which indicates high sensitivity to 
desertification is confined only at Sugar beat 
over 19.3% (4122 faddans). El-Bostan soils are 
mostly characterized by deep profile depth over 
76.6% (11485 faddans). Meanwhile, those soils 
characterized by moderately deep profiles do not 
exceed more than 22.4% (3315 faddans) of the 
whole area at El-Bostan, located mainly at the 
western portion. 

Under land use practices over 25 years, soil 
profile depth of Sugar beat area at 2015 is 
worthily evoluted towards more sensitivity to 
desertification (Tables 2 and 3). Shallow soils 
were grow up to 36.4% (7753 faddans) due to 
water Table rising, simultaneously with obvious 
decrease in moderately deep soils to 32.1% 
(6624 faddans). Neglec Table deference of soil 
profile depth at El-Bostan area with no affection 
on sensitivity classification. 

Coarse textured soils dominated El-Bostan 
area over 80.1% of all soils (11847 faddans) as 
shown in map (2B) and Table (3), expressing 
most sensitivity to desertification. Coarse 
textured soils were brought by wind blown 
weathered sands. Rest of the area is exhibited by 
moderately coarse soil texture with less 
sensitivity. Soil texture of Sugar beat area could 
be nearly divided to coarse texture over 48.8% 
(10383 faddans) and moderately coarse above 
54.2% (10916 faddans), which characterized by 
high and moderate sensitivity to desertification, 
respectively (map 2A and Table 2). 

It could be outlined that vicinity of studied 
areas from north of the western desert was 
important factor for the dominance of sensitive 
soil textural classes. Even though, soils of both 
studied locations were exposed to different 
agricultural practices during the last 25 years, 
particle size distributions of the soil primary 
components have very tiny changing inside the 
same texture classes. Hence, the same sensitivity 
for desertification are given for studied areas at 
2015 regarding soil texture (Tables 2 and 3). 
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Map. 2. Soil mapping units at (A) Sugar beat and (B) El-Bostan area, West of Delta 
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Table 2. Parameters of soil quality and assigned scores at Sugar beat area. 

1990 2015 Soil quality 
parameters 

Class Description 

Area 
(%) 

Area 
(fad.)* 

Score 

 

Area 
(%) 

Area 
(fad.)* 

Score 

1 
Coherent (Hard limestone layer, 
non-friable sandstone)  

20.2 4303 1.0 20.2 4303 1.0 

2 
Moderately coherent (Marine 
limestone deposits, sandy 
formation) 

60.5 12887 1.4 60.5 12887 1.4 
Parent 

Material 

3 Soft to friable (Aeolian) 19.3 4111 1.8 19.3 4111 1.8 

1 Deep (> 100 cm) 32.5 6923 1.42 32.5 6923 1.35 

2 Moderately deep (50 - 100 cm) 48.2 10255 1.88 31.1 6624 1.62 
Soil  

Depth 
3 Shallow (25 - 50 cm) 19.3 4122 1.94 36.4 7753 1.94 

1 Moderately coarse (SL,LS,SCL) 51.2 10916 1.66 51.2 10916 1.66 
Soil Texture 

2 Coarse (S) 48.8 10383 1.92 48.8 10383 1.92 

1 Flat to gently undulated (< 6%) 26.4 5623 1.15 79.8 16997 1.25 

2 
Gently undulated to undulated (6-
18%) 

53.4 11374 1.33 20.2 4303 1.42 
Slope 

Gradient 

3 Undulated to sloping (18-35%) 20.2 4303 1.85 -- -- -- 

1 Slightly saline (2-4 dSm-1) 61.3 13056 1.14 38.1 8115 1.20 

2 Moderately saline (4-8 dSm-1) 20.2 4303 1.42 39.5 8413 1.48 Soil Salinity 

3 Saline (8-16 dSm-1) 18.5 3941 1.75 22.4 4771 1.82 

1 Well drained 45.7 9734 1.18 45.7 9734 1.18 

2 Imperfectly drained 54.3 11566 1.28 35.8 7625 1.32 Drainage 

3 Poorly drained -- -- -- 18.5 3941 1.85 

1 Stony (20-60%) 34.9 7433 1.33 19.3 4111 1.30 Rock 
Fragments 2 Bare to slightly stony (< 20%) 65.1 13866 1.96 80.7 17189 1.90 

*Faddan = 4200 m2 
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Table 3. Parameters of soil quality and assigned scores at El-Bostan area 

1990 2015 Soil Quality 
Parameters 

Class Description 

Area 
(%) 

Area 
(fad.) 

Score 

 

Area 
(%) 

Area 
(fad.) 

Score 

1 
Moderately coherent (Marine 
limestone deposits, sandy 
formation) 

12.4 1835 1.5 12.4 1835 1.5 Parent 
Material 

2 Soft to friable (Aeolian) 87.6 12965 2.0 87.6 12965 2.0 

1 Deep (> 100 cm) 77.6 11485 1.71 77.6 11485 1.71 Soil  

Depth 2 Moderately deep (50 - 100 cm) 22.4 3315 1.98 22.4 3315 1.98 

1 Moderately coarse (SL,LS,SCL) 19.9 2952 1.70 19.9 2952 1.70 Soil  
Texture 2 Coarse (S) 80.1 11847 1.95 80.1 11847 1.95 

1 Flat to gently undulated (< 6%) 12.4 1835 1.24 62.3 9220 1.12 

2 Gently undulated to undulated (6-
18%) 27.5 4070 1.55 37.7 5580 1.62 Slope 

Gradient 

3 Undulated to sloping (18-35%) 60.1 8894 2.0 -- -- -- 

1 Slightly saline (2-4 dSm-1) 65.2 9649 1.10 65.2 9649 1.10 

2 Moderately saline (4-8 dSm-1) 22.4 3315 1.33 34.8 5150 1.42 Soil  
Salinity  

3 Saline (8-16 dSm-1) 12.4 1835 1.60 -- -- -- 

1 Well drained 87.6 12964 1.0 65.2 9649 1.12 
Drainage 

2 Imperfectly drained 12.4 1835 1.54 34.8 5150 1.62 

1 Stony (20-60%) 12.4 1835 1.24 3.5 518 1.36 Rock 
Fragments 2 Bare to slightly stony (< 20%) 87.6 12964 1.88 96.5 14282 1.94 

 

Slope gradient of Sugar beat and El-Bostan 
areas, as shown in Tables 2 and 3 were 
classified into three classes at 1990 concerning 
desertification sensitivity, then reduced towards 
less sensitivity into two classes at 2015. The 
majority (53.4%) of Sugar beat area over about 
11374 faddans, situated northwards is 
characterized by a gently undulated to undulated 
slopes, inducing moderate sensitivity to the 
desertification process. Followed by flat to 
gently undulated over 26.4% (5623 faddans), 
then undulated sloping above 20.2% (4303 
faddans) indicating low and high sensitivity, 
respectively. In 2015, leveling processes affect 
positively in reducing sensitivity to 
desertification. Where the slope gradient mostly 
ranges between flat to gently undulating, 

covering area representing 78.8% (16997 
faddans) of the total studied terrain at Sugar 
beat. 

Most of El-Bostan area was characterized in 
1990 by undulated surface (map 2-B) where 
60.1% (8894 faddans) of the total area had 
undulated slopping class, referring to high 
sensitivity to desertification (Table 3). 
Obviously, the area got less sensitive in 2015 to 
desertification as being reclaimed and leveled, 
where 62.3% of the total area (9220 faddans) 
became flat to gently undulated (Table 3). 
Meanwhile, an area representing 27.5% is 
characterized by a gently undulated to undulated 
landscape. 
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In general, it can be outlined that the studied 
areas attain more rugged landscape causing 
more sensitivity to most desertification 
processes in 1990. Applied leveling processes of 
ground surface at the areas under consideration, 
which required for reclamation, shifted soil 
mapping units (map 2) to more flatness 
indicating less sensitivity to desertification in 
2015. 

Obvious contrast was achieved between 
studied areas regarding their behavior of 
sensitivity evolution concerning soil salinity 
during the period 1990-2015. In general, soil 
salinity has been raised at Sugar beat area 
between that period in response to excess 
irrigation with rather saline water. Sometimes 
values of soil salinity raised inside the same 
class, hence, their classification persist even 
they became higher. However, slightly saline 
soils reduced from 61.3% (13056 faddans) to 
38.1% (8115 faddans) of the total area. Against 
that increasing of moderately saline soils from 
20.2% (4303 faddans) to 39.5% (8413 faddans) 
at 1990 and 2015, respectively as indicated in 
Table 2 in which more sensitivity to 
desertification is demonstrated. Miner increment 
of saline soil's areas was occurred from 18.5% 
(3941 faddans) to 22.4% (4771 faddans). Data in 
Table 3 show that the majority of El-Bostan 
soils over 65.2% (9649 faddans) of the total area 
keep belonging to the slightly saline class in 
both of 1990 and 2015, which indicate low 
sensitivity to desertification. Meanwhile, saline 
soils in 1990 stretched over 12.4% (1835 
faddans) were decreased gradually and became 
moderately saline in 2015. This may be 
attributed to leaching processes using pumped 
Nile water through El-Bostan canal, as 
supported by dominant coarse soil texture. 

Sensitivity to desertification at Sugar beat 
regarding drainage was classified into two 
classes in 1990. Well drained soils occupy 
45.7% (9734 faddans) and imperfect drained 
ones cover 54.3% (11566 faddans) of the total 
terrain (Table 2). Some locations at Sugar beat 
area suffering from poor drainage which 
resulted in water Table rising. The application of 
excess irrigation water and existing of hardpan 
or compact layers due to high lime content 
affect negatively the soil drainage. Thus, some 
imperfect drained soils transformed into poorly 

drained ones over 18.5% (3941 faddans) of the 
total area, which mean more sensitivity to 
desertification. The same situation with less 
severity conditions occurred at El-Bostan area. 
Table 3 indicates that most of the studied soils 
were well drained over 87.6% (12964 faddans) 
in 1990. In 2015, careless of design appropriate 
irrigation system led to extension of the 
imperfect drained soils growing up from 12.4% 
(1835 faddans) to 34.8% (5150 faddans) of the 
total area. In conclusion, the amount of applied 
irrigation water, soil texture and occurrence of 
consolidated subsurface layers, are controlling 
drainage status in the studied areas. 

Surface rock fragments influence the 
sensitivity to desertification due to its capacity 
to conserve soil water and protect the soils from 
erosion. From the data in Table 2 it is clear that 
Sugar beat was classified in 1990 into two 
classes regarding rock fragments, stony over 
34.9% (7433 faddans) and bare to slightly stony 
over 65.1% (13866 faddans). AttribuTable to 
weathering processes associated to agricultural 
practices, the surface rock fragments were 
degraded. Thus, 80.7% (17189 faddans) of the 
area got classified as bare to slightly stony in 
2015. The sensitivity to desertification was 
maximized in El-Bostan area in relation to rock 
fragments. It was dominated by bare to slightly 
stony class at both 1990 and 2015 over 87.6% 
(12964 faddans) and 96.5% (14282 faddans), 
respectively as shown in Table 3.  

Soil quality index (SQI) at Sugar beat area 
was calculated as shown in map (3.1). Data 
reveal that good soil quality in 1990 characterize 
38.2% of the total area, which grow up in 2015 
to be 50.3% referring to least sensitivity to 
desertification. At the same time, moderate soil 
quality decreased from 50.7% to 36.5%, in 1990 
and 2015, respectively. Only miner change 
occurred to areas of low quality class from 
11.1% to 13.2% during the same period which 
covering shallow and rugged landscaped soils. 
Soil quality maps illustrate how the influences 
of land use during 25 years leading the area 
towards more sensitivity to desertification in 
some locations and less sensitivity at others. 
Areas of low soil quality have been shifted 
partially in 2015 due to shallowness of profile 
depth, poor drainage and salinization which 
refer to more sensitivity to desertification. Due 
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to same reasons, the moderate quality soils 
which exhibit the majority of studied area in 
1990 were degraded in some locations at 2015 
to be more sensitive.  

Moderate changes in soil qualities have been 
detected at El-Bostan between 1990 and 2015 
(map 4.1). Soils of good and moderate qualities 
extended from 50.1% and 34.2% in 1990 to 
55.8% and 38.9% in 2015, respectively. While 
soils of low quality decreased significantly from 
15.7% at 1990 to 5.4% at 2015. 

In conclusion, it doesn't make a sense to 
compare the percentages of a certain sensitivity 
class between 1990 and 2015. Meanwhile, the 
comparison should be done between the 
locations of corresponding sensitivity classes 
and their qualities affecting the desertification, 
which have been changed with time under land 
uses.   

Groundwater Quality Index (GQI) 
Water aquifer system of the studied areas 

gained considerable changes during the period 
1990-2015. Three classes of sensitivity to 
desertification could be differentiated in Sugar 
beat area at 1990 regarding groundwater depth 
(Table 4). These were dominated by deep class 
over 55.1% (11736 faddans) expressing high 
sensitivity. Shallow and moderate classes 
stretched over 18.5% (3941 faddans) and 26.4% 
(5623 faddans), respectively. Shallow 
groundwater which indicates least sensitivity 
was consumed completely at 2015 with the 
contribution of rapid water pumping. Moreover 
moderate class was transformed partially into 
deep one because of same condition. Hence, 
deep groundwater extends to occupy the 
majority of the area in 2015 over 81.5% (17359 
faddans) due to the unsafe consumption. On the 
other hand, groundwater with low salinity was 
dramatically decreased from 61.3% (13056 
faddans) in 1990 to 24.4% (5623 faddans) in 
2015 due to unbalanced consumption. That was 
compensated by serious increase of moderately 
saline area from 38.7% (8243 faddans) to 55.1% 
(11736 faddans), in addition to emerge a new 
quality of high saline groundwater over 18.5% 
(3941 faddans).  

The same deterioration was achieved at El-
Bostan area between 1990 and 2015 regarding 

both of groundwater depth and salinity (Table 5). 
Shallow groundwater was totally consumed in 
2015. Simultaneously as deep class has 
progressed from 37.7% (5580 faddans) in 1990 
to 65.2% (9649 faddans) in 2015, expressing the 
majority of the area which led towards more 
sensitivity to desertification. Appearance of high 
saline groundwater over 12.4% (1835 faddans) 
in addition to decrease the area of low salinity 
groundwater from 65.2% (9650 faddans) to 
37.7% (5580 faddans) are demonstrating how 
the area was exposed to more sensitivity to 
desertification with time.  

These results were illustrated in map (3.2) 
where area of low quality groundwater class in 
Sugar beat was increased from 20.2% in 1990 to 
54.3% in 2015. Moreover, good quality class 
was completely disappeared in 2015. On the 
other hand, map (4.2) emphasized the general 
deterioration of groundwater quality in El-
Bostan area. Serious increase of low quality area 
from 18.9% to 55.3% versus general shrunk of 
good and moderate quality areas from 38.8% 
and 42.4% in 1990 to 18.5%and 26.2% in 2015, 
respectively. In conclusion, general deterioration 
occurred in groundwater depth and salinity 
maximized the sensitivity to desertification at 
studied areas. 

Erosion Quality Index (EQI) 
Wind and water erosion are affecting Sugar 

beat area while wind only is the erosional agent 
at El-Bostan area. General improvement could 
be noticed as shown in Tables 6 and 7 associated 
to decreasing the sensitivity to desertification 
regarding erosion. High quality class associated 
with less erosion at Sugar beat expanded from 
20.2% (4303 faddans) in 1990 to 80.7% (17189 
faddans) in 2015. Sharp evolution achieved at 
El-Bostan area during the same period. The 
absent high quality class in 1990 being the 
dominant in 2015. Whole studied area at El-
Bostan is classified as high or moderate quality 
in 2015 as they represent 62.3% (9220 faddans) 
and 37.7% (5580 faddans). Low quality classes 
were entirely absent at the studied areas in 2015, 
which means transforming with time towards 
less sensitivity to desertification (maps 3.3 and 
4.3). This perfection could be attributed to 
extensive plant coverage and wind fenders. 
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Table 4. Classes and corresponding scores of groundwater quality at Sugar beat area 

1990 2015 Groundwater 
parameter 

Class Description 
Area 
(%) 

Area 
(fad.) 

Score 
 

Area 
(%) 

Area 
(fad.) 

Score 

1 Shallow (< 25 m) 18.5 3941 1.15 -- -- -- 
2 Moderate (25 – 50 m) 26.4 5623 1.65 18.5 3941 1.62 

Groundwater 
depth 

3 Deep (> 50 m) 55.1 11736 1.92 81.5 17359 1.90 
1 Low (< 5000 ppm) 61.3 13056 1.05 26.4 5623 1.12 
2 Moderate (5000-10000 ppm) 38.7 8243 1.48 55.1 11736 1.50 Groundwater 

salinity 
3 High (> 10000 ppm) -- --  18.5 3941 1.98 

 

Table 5. Classes and corresponding scores of groundwater quality at El-Bostan area 

1990 2015 Groundwater 
parameter 

Class Description 
Area 
(%) 

Area 
(fad.) 

Score 
 

Area 
(%) 

Area 
(fad.) 

Score 

1 Shallow (< 25 m) 12.4 1835 1.22 -- -- -- 
2 Moderate (25 – 50 m) 49.9 7385 1.48 34.8 5150 1.50 Groundwater 

depth 
3 Deep (> 50 m) 37.7 5580 1.92 65.2 9649 1.98 
1 Low (< 5000 ppm) 65.2 9650 1.05 37.7 5580 1.20 
2 Moderate (5000-10000 ppm) 34.8 5150 1.58 49.9 7385 1.72 Groundwater 

salinity 
3 High (> 10000 ppm) -- -- -- 12.4 1835 2.00 

  

Table 6. Classes of soil erosion and calculated scores at Sugar beat area 

1990 2015 Class Description 
Area 
(%) 

Area 
(fad.) 

Score 
 

Area 
(%) 

Area 
(fad.) 

Score 

1 High quality (soil loss <10 Mg/h/y) 20.2 4303 0.85 80.7 17189 0.92 

2 Moderate quality (soil loss 10-20 Mg/h/y) 51.25 10916 1.50 19.3 4111 1.56 

3 Low quality  (soil loss > 20 Mg/h/y) 28.55 6081 1.94 -- -- -- 

 

Table 7. Classes of soil erosion and calculated scores at El-Bostan area 

1990 2015 Class Description 
Area 
(%) 

Area 
(fad.) 

Score 
 

Area 
(%) 

Area 
(fad.) 

Score 

1 High quality (soil loss <10 Mg/h/y) -- -- -- 62.3 9220 0.84 

2 Moderate quality (soil loss 10-20 Mg/h/y) 34.8 5150 1.60 37.7 5580 1.58 
3 Low quality  (soil loss > 20 Mg/h/y) 65.2 9650 1.94 -- -- -- 
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Map. 3. Comparison between desertification quality indices in 1990 and 2015 at Sugar beat area 

regarding (1) Soil, (2) Groundwater, (3) Erosion and (4) Vegetation 
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Map. 4. Comparison between desertification quality indices in 1990 and 2015 at El-Bostan area 

regarding (1) Soil, (2) Groundwater, (3) Erosion and (4) Vegetation 
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Vegetation Quality Index (VQI) 
Tables 8 and 9 deal with the evaluation of 

sensitivity to desertification regarding 
vegetation. Data reveal clearly that plant cover 
at both of the studied areas were vividly 
changed from very low class in 1990 to low or 
high ones in 2015 due to agricultural 
expansions, which submit less sensitivity. 
Studied areas transformed to be more sensitive 
concerning drought resistance as characterized 
in 2015 by moderate, low and very low classes 
after been very high or high ones in 1990. This 
is may be attributed to spreading cereals and 
annuals. Concerning that issue El-Bostan area 
may be rather better than Sugar beat area due to 
attaining the largest area over 76.4% (11307 
faddans) of the total area in 2015 within 
moderate sensitivity. This is attributed to the 
abundance of orchards in El-Bostan area. The 
reverse situation is noticed in Sugar beat where 
the majority over 45.5% (5474 faddans) is 
characterized by very low drought resistance 
class. Also vegetation type influence the erosion 
protection class at both of studied areas. Three 
classed were found for each area; moderate, low 
and very low at 2015. Very low class is the 
dominant at Sugar beat over 53.8% (11449 
faddans), while the majority at El-Bostan area is 
characterized by low class over 66.4% (11307 
faddans). 

Vegetation quality indices were concluded as 
shown in maps (3.4) and (4.4) for the considered 
areas, respectively. Both of areas were 
aggressively occupied by very weak vegetation 
quality class in 1990, expressing high sensitivity 
to desertification. It covered 93.7% and 88.8%, 
respectively at Sugar beat and El-Bostan. Good, 
average, weak and very weak vegetation quality 
classes are nearly balanced over 32.1%, 23.3%, 
24.5% and 20.1%, respectively of Sugar beat 
total studied area in 2015. Meanwhile, Average 
vegetation quality class which mostly restricted 
for orchards is the foremost at El-Bostan over 
45.3% of the total area. Rest of the area is 
occupied by good, weak and very weak classes 
over 27.0%, 18.2 and 9.5%, respectively.   

Geographic locations of the studied areas 
influence the vegetation quality which 
contributes to the desertification sensitivity. El-
Bostan with its southern location is more 

situated to orchards due to deep soils, low lime 
content and subsequent absence of hard layers, 
in addition to its location far from probabilities 
of sea water intrusion. Meanwhile, Sugar beat is 
mush suited to cereals and annuals due to 
shallowness of soils resulting in weak vegetation 
type quality. 

Environmental Sensitivity Areas (ESAs) 
Desertification Sensitivity Indices (DSIs) 

were computed on basis of MEDALUS project 
methodology, using SQI, GQI, EQI and VQI 
values. Table 10 shows the output of the 
calculations, whereas map 5 demonstrates the 
geographical extension of each Environmental 
Sensitive Areas (ESAs). Distributions of the 
sensitivity values over the studied regions are 
clearly related to their general physiographic 
characteristics, which play a strong determining 
role on the built model configuration regarding 
used elements and parameters. Critical and 
fragile areas show the lower qualities for the 
different indices, while potential and non 
affected areas express the higher qualities (lower 
indices).  

Studied areas at Sugar beat and El-Bostan 
classified within wide range of different 
sensitivity classes either in 1990 or 2015. Over 
prevailing areas, both of them were 
characterized as "moderate sensitive to 
desertification" which called the fragile areas, as 
their moderate quality soils are protected by 
good quality vegetation. Regarding Sugar beat, 
the moderate ESIs ranged between 1.327-1.374 
over 38.0% in 1990, while being between 1.354-
1.386 over 38.3% in 2015. Meanwhile, the 
moderate ESIs at El-Bostan vary between 1.313-
1.357 over 39.9% in 1990, which surpass to be 
between 1.335-1.373 above 41.5% in 2015.  

Considerable areas of each investigated site 
lie within the class of "non sensitive to 
desertification". These were degraded in Sugar 
beat from 24.2% in 1990 to 22.7% in 2015, 
while they upgraded at El-Bostan during the 
same period from 17.6% to 25.2%. On the other 
hand, it is clear that the studied areas were 
partially classified as very sensitive and 
sensitive to desertification. Very sensitive area 
to desertification located within critical class 
and considered vulnerable to high desertification 
sensitivity. It was grown up at Sugar beat as 
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Table 8. Vegetation quality indices at Sugar beat area 

1990 2015 Vegetation 
parameter 

Class Description 

Area 
(%) 

Area 
(fad.) 

Score Area 
(%) 

Area 
(fad.) 

Score 

1 High (> 40%) -- -- -- 61.3 13056 1.0 

2 Low (10-40%) -- -- -- 38.7 8243 1.7 Plant cover 

3 Very low (< 10%) 100 21300 2.0 -- -- -- 

1 Very high (Tamarix nilotica) -- -- -- -- -- -- 

2 High (Attriplex halimus) 3.5 746 1.4 -- -- -- 

3 Moderate (Perennials, 
Orchards) 1.7 362 1.5 36.05 7678 1.4 

4 Low (Cereals, vines)- -- -- -- 18.5 3941 1.8 

Drought 
resistance 

5 Very low (Annuals) -- -- -- 45.45 5474 2.0 

1 High (Wetlands with shrubs) -- -- -- -- -- -- 

2 Moderate (Mound shrubs) -- -- -- 10.0 2130 1.4 

3 Low (Perennials, Orchards) 5.2 1108 1.6 26.06 7678 1.7 
Erosion 

protection 

4 Very low (Annuals) -- -- -- 53.75 11449 2.0 

 

Table 9. Vegetation quality indices at El-Bostan area 

1990 2015 Vegetation 
parameter 

Class Description 

Area 
(%) 

Area 
(fad.) 

Score Area 
(%) 

Area 
(fad.) 

Score 

1 High (> 40%) -- -- -- 65.2 9650 1.0 

2 Low (10-40%) -- -- -- 34.8 5150 1.6 Plant cover 

3 Very low (< 10%) 100 14800 2.0 -- -- -- 

1 Very high (Tamarix nilotica) -- -- -- -- -- -- 

2 High (Attriplex halimus) 3.5 518 1.3 -- -- -- 

3 Moderate (Perennials, 
Orchards) -- -- -- 76.4 11307 

1.4 

4 Low (Cereals, vines)-  -- -- -- 17.4 2575 1.7 

Drought 
resistance 

5 Very low (Annuals) -- -- -- 6.2 917 2.0 

1 High (Wetlands with shrubs) -- -- -- -- -- -- 

2 Moderate (Mound shrubs) -- -- -- 12.0 1776 1.2 

3 Low (Perennials, Orchards) 3.5 518 1.5 66.4 11307 1.6 
Erosion 

protection 

4 Very low (Annuals) -- -- -- 11.6 1717 2.0 
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Table 10. Environmental sensitive indices (ESIs) and areas (ESAs) in the studied locations at 
West of Delta 

Area Class Description Studied area Year DSI 
(%) (fad.) 

1990 1.023-1.123 24.2 5155 Sugar beat 2015 1.094-1.164 22.7 4835 
1990 1.012-1.088 17.6 2605 1 Non sensitive areas to 

desertification El-Bostan 2015 1.056-1.109 25.2 3212 
1990 1.237-1.271 9.5 2024 Sugar beat 2015 1.255-1.291 13.5 2876 
1990 1.203-1.240 26.4 3907 2 Low sensitive areas to 

desertification El-Bostan 2015 1.235-1.263 29.6 3567 
1990 1.327-1.374 38.0 8094 Sugar beat 2015 1.354-1.386 38.3 8158 
1990 1.313-1.357 39.9 5905 3 Moderate sensitive areas to 

desertification El-Bostan 2015 1.335-1.373 41.5 7222 
1990 1.431-1.367 19.2 4090 Sugar beat 2015 1.460-1.498 12.1 2577 
1990 1.404-1.433 12.3 1820 4 Sensitive areas to 

desertification El-Bostan 2015 1.444-1.471 3.7 799 
1990 1.545-1.558 9.1 1938 Sugar beat 2015 1.557-1.582 13.4 2854 
1990 1.522-1.537 3.8 562 5 Very sensitive areas to 

desertification El-Bostan 2015 1.533-1.557 0.0 0 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Map. 5. Environmental sensitive areas (ESAs) for desertification in (a) Sugar beat (1990-2015), 
and (b) El-Bostan (1990-2015) at West of Delta 
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accounted for 9.1% in 1990 and 13.4% in 2015 
of the total area. While it was completely 
renovated into moderate sensitive at El-Bostan 
due to ground leveling and existence of 
sufficient vegetation cover. Obtained results 
indicate a clear degrading trend of the critical 
and non affected areas at Sugar beat area along 
the study period. Whereas, an opposite trend is 
noticed at El-Bostan area through enlarge the 
non sensible area while critical one was dropped 
off. 

It was helpless to monitor the absolute 
percentage of sensitivity changing over the 
whole area of each case study, while shifting of 
a sensitivity class location according to altered 
qualities or intensity with time have to be 
considerably assessed. However, percentages of 
sensitivity classes at Sugar beat in 1990 found to 
be very close to corresponding values in 2015, 
but with different spatial distributions. It was 
incorrectly expected that land use has great 
positive effects on sensitivity degrees at Sugar 
beat due to its earliest reclamation and long 
period of agricultural practices than El-Bostan. 
Further, the study achieved obviously more 
changes of El-Bostan sensitivity than occurred 
in Sugar beat. That was because limitations 
found in El-Bostan have less intensity than those 
found at Sugar beat i.e. shallow profile depth, 
saline groundwater as sea water introgen, soil 
salinization, and difficulty of leveling due to 
ground hardness as affected by high lime 
content rather than rock exposures.       

Considerable areas are susceptible to a high 
to very high desertification sensitivity. The 
study emphasized that higher sensible areas to 
desertification have been shifted with time to 
other locations guided by the degradation / 
improvement occur in the investigated 
parameters at both of the studied areas. Action 
measures are essential for the sustainable 
agricultural projects located in the desert due 
high desertification sensitivity. 

Conclusion 
Assessment of desertification sensitivity is 

rather important to plane combating actions and 
to improve the employment of natural resources. 
The merely quantitative aspect of desertification 
sensitivity demonstrates a clearer image of the 
risk state, thus, reliable priority actions can be 

planned. It may be pointed out that precise 
determination of the desertification sensitivity at 
desert areas are needed to identify the risk 
magnitude and causes of degradation in 
problematic areas. Current research considered 
two models of newly reclaimed land located at 
the western border of West of Delta region. 
They rather differ in their physiographic 
characteristics, which led to noticeable 
variations partially in their response to 
desertification issue along 25 years of land use 
from 1990 till 2015. The majority of the studied 
areas are moderately sensitive due to 
satisfactory vegetation cover, ground leveling in 
addition to improvement in some soil qualities. 
However, as various environmental conditions 
may control the desertification sensitivity, some 
locations within the investigated areas may be 
exposed to relatively less sensitivity to 
desertification. 

Applied agricultural systems affect negatively 
the environmental sensitivity to desertification 
in some locations at both of studied areas. 
Therefore, it is necessary to re-evaluate current 
practices and/or land uses to prevent that 
degradation.   

It can be concluded that the quantitative 
approach for assessing the desertification is 
rather important for planning sustainable 
development programs. Desertification sensitivity 
index demonstrates a clearer vision of risk state, 
thus, reliable priority actions can be planned. 
Some work still remains needed to be carried 
out to assess the reliability of the sensitivity 
maps and to refine the values of ESA assigned 
to the different classes of sensitivity by field 
validation. 
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 .رصد الحساسیة البیئیة للتصحر ببعض مناطق غرب الدلتا، مصر
 یفة خلمحمد عزت عبد الھادى

  مصر– القاھرة – مركز بحوث الصحراء – الصحراویة يراض شعبة مصادر المیاه واأل–قسم البیدولوجى 

 لمعلوم  ات بع  ض ال  دالئل يس  تخدام ط  رق التحلی  ل الكم  ایھ  دف البح  ث إل  ى تص  نیف نوعی  ة الحساس  یة البیئی  ة للتص  حر ب
 ودلی ل نوعی  ة الم اء الج  وفى Soil Quality Index (SQI)النوعی ة للص فات والخص  ائص البیئی ة، ك  دلیل نوعی ة الترب  ة 

Groundwater Quality Index (GQI) ودلی ل نوعی ة التعری ة Erosion Quality Index (EQI) باإلض افة ل دلیل 
، م ع محاول ة رص د تغی ر نوعی ة وش دة الحساس یة البیئی ة Vegetation Quality Index (VQI)نوعی ة الغط اء النب اتى 

 فدان بمنطقة بنجر الس كر ٢١٣٠٠رت منطقتین للدراسة بإقلیم غرب الدلتا األولى تمتد على مساحة  أختی،للتصحر مع الزمن
فت رة فدان بمنطقة البستان، وذلك لمقارنة نوعیة الحساسیة البیئیة للتصحر بكل منھما خالل ١٤٨٠٠والثانیة تمتد على مساحة 

 وحس اب Unsupervised classificationس تخدام اطیفی ا ب يت م تقس یم األراض ، ٢٠١٥ وحت ى ١٩٩٠ عام من ٢٥ قدرھا زمنیة
وخالل الدراس ة الحقلی ة ت م إس تیفاء البیان ات الحقلی ة .  بكل منطقةDEMرتفاعات الرقمى درجات المیل بناءا على نموذج اال

إج راء التحل یالت الالزمة، وتجمیع عینات التربة من قطاعات األراضى الممثلة لوحدات التربة السائدة بمناطق الدراسة، مع 
كوزم اس (ت م تطبی ق نظ ام الجمعی ة الدولی ة لمكافح ة التص حر  . المعملیة الالزمة لتق دیر ص فات التری ة الطبیعی ة والكیمیائی ة

وث الص حراء لتقییم الحساسیة البیئیة للتصحر مع إجراء بعض التعدیالت وفق ا ل ـما ت م إق راره بمرك ز بح ) ٢٠٠٣وآخرون، 
 م  ع تص  نیف أراض  ى من  اطق DSI حی  ث ت  م حس  اب أدل  ة نوعی  ة الحساس  یة البیئی  ة للتص  حر ،)٢٠٠٩حج  ازى وآخ  رون، (

 الوق ت يس تجابة البیئی ة للتص حر بمن اطق الدراس ة ف مقارن ة نوعی ة اال م ع ،ستجابتھا لعناصر التص حراالدراسة وفقا لدرجة 
درج ة ونوعی ة  عل ى تغی ر ياألرض س تخدام  محاول ة لدراس ة ت أثیر االيف ) ١٩٩٠ (يستجابھا للتص حر ف اب) ٢٠١٥ (يالحال

أكدت النتائج على سیادة الحساسیة البیئیة المتوسطة للتصحر بكلت ا ، ستجابة بیئة مناطق الدراسة لعناصر التصحر مع الزمنا
 يمن إجم ال% ٣٨٫٠ لیشمل ١٫٣٧٤-١٫٣٢٧، حیث تراوح دلیل الحساسیة البیئیة بین ٢٠١٥ و١٩٩٠منطقتى الدراسة عند 

وت  راوح دلی  ل ، ٢٠١٥ف  ى % ٣٨٫٣عل  ى مس  احة ١٫٣٨٦-١٫٣٥٤ بینم  ا ت  راوح ب  ین ١٩٩٠الس  كر ف  ى المس  احة ببنج  ر 
 يف  % ٤١٫٥زادت إل  ى % ٣٩٫٩ لیغط  ى مس  احة ١٩٩٠ ي ف  ١٫٣٥٧-١٫٣١٣الحساس  یة المتوس  طة بمنطق  ة البس  تان ب  ین 

المنطقت  ین ذات كم  ا أك  دت النت  ائج عل  ى وج  ود مس  احات بكلت  ا ، ١٫٣٧٣-١٫٣٣٥ دلی  ل الحساس  یة ب  ین  حی  ث ت  راوح٢٠١٥
 ببنج ر الس كر يس تخدام األرض ى عل ى نح و س لبستجابة المرتفعة باالستجابة مرتفعة لعناصر التصحر، حیث تأثرت تلك االا

 ٢٠١٥و١٩٩٠م ا ب ین % ١٣٫٤إل ى % ٩٫١ منطق ة بنج ر الس كر زاد م ا تش غلھ الحساس یة المرتفع ة م ن ، بالبس تانيوإیجاب
 ش دیدة الحساس یة للتص حر ي، وفى تحسن واضح تحولت كافة األراضيعض األراضعلى الترتیب داللة على زیادة تدھور ب

 إل  ى أراض  ى متوس  طة الحساس  یة نظ  را لعملی  ات تس  ویة س  طح الترب  ة وتكثی  ف التغطی  ة النباتی  ة ٢٠١٥ يبمنطق  ة البس  تان ف  
لتص حر بمنطق ة بنج ر  عدیم ة الحساس یة وش دیدة الحساس یة لي العموم تدھورت نسب ما تشغلھ كل من األراضي ف،بالمنطقة

حساس ة ال الغی ر يالسكر بنقص األولى وزیادة الثانیة خالل فت رة الدراس ة، بینم ا تحس نت تل ك النس ب بزی ادة مس احة األراض 
 ب بعض يس تخدام األرض وأع زى ذل ك لش دة وط أة مح دات اال.  شدیدة الحساس یة بمنطق ة البس تانيختفاء األراضاللتصحر و

 نتیج ة الس حب الغی ر آم ن ي، تمل ح الم اء الج وفي ضحالة عم ق القط اع األرض ي تمثلت فيتمساحات منطقة بنجر السكر وال
 وأوض حت ،نتش ار التكش فات الص خریةاوتداخل ماء البحر، صعوبة تسویة سطح التربة بس بب ص البة الطبق ات الس طحیة و

اس ة ب ل یتح تم رص د تب این التوزی ع النتائج أنھ لیس كافیا مقارنة نسب ما تش غلھ درج ات الحساس یة للتص حر خ الل فت رة الدر
 المتغی رات يالت دھور ف /المكانى لدرجة ونوعیة الحساسیة البیئیة للتصحر بكل منطقة مع الزمن تحت ت أثیر مس توى التحس ن

وقد حاول ت الدراس ة إلق اء الض وء عل ى األھمی ة ، يستخدام األرضفیھ جودة إدارة االالبیئیة تحت الدراسة األمر الذى یتحكم 
 ع  ن طری ق الدراس ة الكمی  ة يس تخدام األرض  عام ا م  ن اال٢٥یقی ة لرص د تغی ر نوعی  ة حساس یة البیئ ة للتص  حر خ الل التطب

س تخدام وحساب أدلة الحساسیة للتصحر بالمناطق المدروسة، وذلك من خ الل التوص یة بض رورة إع ادة تقی یم كاف ة أوج ھ اال
س تغالل  الحساسیة البیئیة للتصحر تحت تأثیر األنظمة الحالی ة لالرتفاع مستوىا تأثرت سلبیا نتیجة ي بالمساحات التياألرض
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