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T

HIS STUDY aims to delineate areasin the northern Nile Delta of Egypt that
are sensitive to desertification using integrated remote sensing and geographic
information systems (GIS).
Desertification is one of the fundamental problems associated with land degradation
in arid and semi-arid regions. Desertification results from several factors, including
climate change, chemical and physical degradation and human activities.
Thematic indicators of soil, climate, vegetation, and management practices
represent essential data and are required to approximately define theenvironmentally
sensitive areas (ESAs). These layers are extracted and manipulated from topographic
maps, geologic maps, land use intensity data, policy enforcement data, satellite
imagescollected by the Enhanced Thematic Mapper Plus (ETM+) sensor in 2015, and
data obtained during field surveys. The functions of the Spatial Analyst Toolbox in
the ArcGIS 10.1 software package are used to collect the thematic layers and identify
theESAs.
The resultsobtained in this study reveal that the sensitiveareas to desertification
were located in the northern parts of the study area. These vulnerable areas are
located around Lake Burullus and represent 19% of the study area. Also, the
results indicate thatthe central part of the study areaexhibitsfragile areas that are
sensitivetodesertification and represent 24% of the total area. The southern parts of
the study area are characterized by critical sensitivity and represent 57% of the total
area. The impact factors that affectthe sensitivity to desertificationare soil salinity,
waterlogging and management indicators in the study area.
Keywords: Remote sensing, GIS, Environment, Environmental sensitivity,
Desertification.
Introduction
Desertification refersto indicators that reflect
a potential risk of desertification. Regional
indicators arebased on available data, including
remote sensing images, topographic maps,
climatological data, soil, and geological data
(Nicholson et al., 1998, Gargi, 2015, Gyssels et
al., 2016 and Lahlaoi et al., 2015).
Soil desertification is the end result of
differentinteractions
amongmany
factors,
including environmental change and human

activities (Thomas, 1997, USDA, 2004). Many
countries (more than 100)and approximately 15
percent of the world’s population of six billion
peopleare affected by desertification(Adger et al.,
2000, Adger et al., 2001). However, desertification
phenomena can be accurately monitored and
evaluated through matching satellite images to
survey data(Jabbar and Chen, 2006, Runnström,
2003, Yang et al., 2007, Zambon et al., 2017).
Areas that are sensitiveto desertification
in Mediterranean countries display different
sensitivities to desertification, depending on
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theconditions within each area. For instance, some
territories display high sensitivity to low precipitation
and extreme events because they contain vegetation
that is weakly resistant to dry spells, low vegetation
cover, gentle slopes, and highly erodible parent
materials(Ferrara et al., 1999). The occurrence of
desertification incorporates two components: human
actions and natural ecosystems(World Meteorological
Organization, 2005). The interactions between these
two factors determine the severity of the degradation,
and desertification assessments are based on climate
conditions and the characteristics of vegetation
and soil (Jabbar and Chen, 2006).Various studies
monitored and assessed ESA by using MEDALUS
model in the Mediterranean region with acceptable
results (Saleh et al., 2018, Lahlaoi et al. 2017).
Remote sensing data and GIS have made
enormous contributions in the field of assessing
environmental sensitivityto desertification, and
GIS has been shown to be a very useful toolin the
preparation, manipulation, visualization and analysis
of spatially referenced data (Westervelt, 2002, Saleh
et al., 2018, Coscarelli et al., 2016).
This study aims to identify areas that are sensitive
to desertification using a multi-factor approach
that incorporates both large-scaleand localized
information on the environmental processes acting in
the northern part of Egypt into spatial analyses.
Materials and Methods
Study Area
The study area is located in the northern part
of the Nile Delta in Egypt. This region extends
from 30°35’to 31° 00’ east longitude and from
31° 10’to31° 28’ north latitude, and it covers an

area of 720 km2; urban areas make up 6.25%
ofthe total area (Fig.1). The climatic conditions
withinthe study area are typically arid and semiarid; the annual rainfall occurs primarily during
the winter season and reaches approximately
167 mm/year. The maximum rainfall values are
recorded in December and January. The annual
evaporation reaches its maximum in August at
7 mm/day. The minimum values are detected in
December and January, when temperatures are
low; on the other hand, the highest values are
recorded between March and October. The air
temperatures in December and August are 15.0
and 30.5º C, respectively (Climatological Normal
for Egypt, 2011).
Image processing and physiographic units:
Digital image processing of Enhanced
ThematicSatellite Images (ETM+)covering the
study areais performed using ENVI 5.1 software
(ITT, 2014) to delineate the geomorphologic units.
These satellite images were collected along path
177 and row 038 in 2015. The image processing is
carried out using the ENVI 5.1 software package
and includes data calibration (Lillesand and
Kiefer, 2007), data manipulation, atmospheric
correction, rectification of the satellite images and
enhancement of the ground resolution from 28.5
m to 14.25 m (Lillesand and Kiefer, 2007).
The digital elevation model (DEM) of the
study area extracted from the topographic
maps has a scale of 1:25000. The DEMwas
combined with theLandsat ETM+ images to
recognize different landform types, and it is
assist in detecting a range of propertiesthat can
assist in mapping landforms and soil types. The

Fig. 1. Location of the study area shown on a map of Egypt and a Landsat ETM+image of the study area
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information extracted from a DEM (i.e., surface
elevation, slope and slope direction) is used with
the satellite images to increase their utility in
physiographic soil mapping .The Landsat ETM+
images and the DEMs weremanaged in the ENVI
5.1 software package and ARCGIS Software to
obtain the physiographic units and establish asoil
database (Dobos et al., 2000).
Field work and laboratory analysis:
These profiles were carefully chosen based on
the different physiographic landforms (Fig.2) that
existed in the study area in 2015. The soil profiles
were examined and morphologically described in
the field according to FAO (1990). Water samples
from irrigation, drainage and water table sources
were collected near the soil profile locations. The
soil and water samples wereanalysedto determine
their chemical and physical properties according
to USDA (2004).
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Methods
The Medalus (Mediterranean Desertification
and Land Use) model is used to assess the
environmentally sensitive areas (ESAs), and the
relevant index is used to determine the state of
desertification and the tendency to desertification
in the northern Nile Delta of Egypt. The general
methodology has beenfully describedby (Kosmas
et al., 1999). The ESA is a combined index
that uses four quality indices calculated from
severalindividual parameters. The quality indices
and their parameters are as follows. The soil quality
index (SQI) is calculated based on the surface
gradient and the texture, drainage conditions,
parent material, and depth of the soil, as well
asthe abundance of rock fragments within the soil.
Theclimate quality index (CQI) is calculated based
on the annual rainfall and aridity. Thevegetation
quality index (VQI) is calculated based on the fire

Fig. 2. Maps showing a digital elevation model (DEM) of the study area and the locations of the soil profiles

risk and the degree of erosion protection, cover
and drought resistance. Finally, the management
quality index (MQI) is calculated based on land
use and management practices. The value of each
parameter is separated into a number of classes,
the thresholds of which have been determined
empirically from extensive field work throughout
the MEDALUS project (Kosmas et al., 2003).
Many studies have shownthat the MEDALUS
model evaluates the desertification rate accurately
and provides acceptable results (Kosmas et al.,
2003, Sepehr et al., 2007, Lavado et al., 2009).
The ESA index is calculated according to the
flow chart shown in Fig.3. This flow chart shows
the conceptual model followed incalculating all
of the indices. The main input to this model is
mosaicked ETM+ satellite images, the geologic

map of the study area, and climatic data. The
ENVI 5.1 and ArcGIS software packagesare
used to calculate these indices and create maps of
ESAs.
Results and Discussion
Physiographic map:
The two physiographic landscapes that occur
within the study arearepresentfluvio-lacustrine
plains and flood plains. These landscapes consist
of eightlandforms, specificallydecantation basins,
dried lake beds, moderately terraces, moderately
high river terraces, overflow basins, overflow
mantles, seasonally submerged land and wet
lands. These landforms cover 7.94, 9.85, 14.49,
14.80, 22.24, 9.16, 2.15 and 19.37% of the total
area, respectively (Fig.4).
Egypt. J. Soil Sci. 58, No. 3 (2018)

328

F.S. MOGHANM AND A. B. BELAL

Fig. 3. Flow chart used incalculating theenvironmentally sensitive area (ESA) index

Fig. 4. Physiographic map unitswithinthe study area
Egypt. J. Soil Sci. 58, No.3 (2018)
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Soil Quality Index (SQI)
The soil quality index (SQI)used inmapping
ESAs relies on the resistance of soil to erosion
and soil water content. These qualities are
ascertained inthe MEDALUS model through the
use of soil properties or attributes customarily
given in soil survey data. Examples include the
relative amounts of sand, silt and clay particles,
soil parent material, soil profile depth, surface
slope angle, drainage type, and stoniness. The
classes and allocated weighted indicesfor each
of the six parametersare used to evaluate soil
quality. Specifically, these parameters are the soil
texture, which is classified based on its effects on
desertification;the soil drainage condition, which
is primarily utilized for assessing the risk of
desertification;the soil depth, which is defined as
the vertical distance within a soil profile from the
soil surface to the watertable or hard layers; the
surface slope gradient; the parent materials; and
the rocky components.
The SQI is estimated from the weighted index
assigned to each of the six parameters using Eq.
(1):

Soil quality fundamentally indicatesthe
environmental sensitivity to desertification,
particularly underarid and semi-arid conditions.
Figure 5 and Table 1 represent the classes and
areas of the SQIwithinthe study area. The areas
with low SQI values (>1.46) represent 14.42% of
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the total study area. Low soil quality dominates
the areas characterized by shallow soil depths,
high soil salinity and poor drainage. Moderate
SQI values (1.13-.45) represent 37.33% of the
total study area and are located in the northern
part of the study area around LakeBurullus. These
areas are characterized by shallow water table
depths, moderately saline soils and poor drainage.
The areas withhigh SQI values (<1.13) represent
48.26% of the total study area, and the areas of
high soil quality are located in the southern part
of the study area.
Climate quality indicators
Climate quality is assessed in terms of
parameters that impact the availability of water
to plants, specifically rainfall, air temperatures
and the aridity index. Many studies have been
conducted to assess the relative roles that climate
factors play in desertification and to reveal its
underlying causes(Archer, 2004, Wang et al.,
2005, Zheng et al., 2006). The CQIis calculated
based on annual rainfall (mm) and the BagnoulsGaussenaridity index (BGI). The calculation of
this index is straightforwardbecause the data

required can be easily obtained from common
meteorological data. The CQI is calculated from
the weighted index assigned to each of the factors
from Eq. (2):

Fig. 5. Map showing soil quality index (SQI) values
Egypt. J. Soil Sci. 58, No. 3 (2018)
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TABLE 1. Classification of the soil quality index (SQI)

SQI class

Area (km2)

Area (feddans)

%

High quality

347.44

82724.12

48.26

Moderate quality

268.74

63986.86

37.33

Low quality

103.82

24719.19

14.42

Total

720.01

171430.17

100.00

The CQI layer for this area indicates that it is
characterized by low, moderate and high values
(>1.81, 1.15-1.8 and <1.15) of the weighted index,
respectively. These classes occupy 21.42, 54.30
and 24.28% of the total study area, respectively,
as shown in Table 2 and Fig. 6.
Vegetation quality indicators
Vegetation quality is evaluated in terms of
(1) fire risk and ability to recover; (2) the erosion

protection that the vegetation affords to the soil; (3)
drought resistance; and (4) the percentage of the
soil area covered by plants. All of thefactors that
affect the VQI depend on the type of vegetation
cover. The fraction ofsoil cover is obtained from
normalized difference vegetation index (NDVI)
valuesderived from an ETM+ satellite image
(Fig.7). The VQI is assessed as the product of the
vegetation attributes mentioned as being related
to the sensitivity to desertification via Eq. (3):

TABLE 2.Classification of the climate quality index (CQI)
CQI class

Area (km2)

Area (feddans)

%

High quality

174.79

41615.77

24.28

Moderate quality

390.97

93087.80

54.30

Low quality

154.25

36726.60

21.42

Total

720.01

171430.17

100.00

Fig. 6. Map showingclimate quality index (CQI) values
Egypt. J. Soil Sci. 58, No.3 (2018)
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Fig. 7. Map showing normalized difference vegetation index (NDVI) values

The weightedVQI values are separated
into the following orders: low, moderate and
high (>1.6, 1.3-1.6 and <1.3, respectively). The
weighted index assigned to each parameter is also
considered in the calculation of the VQI. The VQI
classes present within the study areacorrespond
to 29.48, 30.19 and 40.34% of the studied soils,
respectively, as shown in Table 3 and Fig.8.

Management quality indicators
The distribution of the MQIvaluesis shown in
Table 4 and Figure 9 forthe studied soils. The MQI
is assessed as a function of land utilization factorsand
the implementation of policiesfor environmental
protection viaEq. (4). At that point, the management
quality is characterized utilizing model output. The
MQI is calculated using the weighted index allocated
to eachparameter as follows:

TABLE 3. Classification of the vegetation quality index (VQI)
VQI class

Area (km2)

Area (feddans)

%

High quality

290.44

69152.48

40.34

Moderate quality

217.34

51746.46

30.19

Low quality

212.23

50531.23

29.48

Total

720.01

171430.17

100.00

Fig. 8.Map showing vegetation quality index (VQI) values
Egypt. J. Soil Sci. 58, No. 3 (2018)
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TABLE 4. Classification of the management quality index (MQI)
MQI class

Area (km2)

Area (feddans)

%

High quality

236.51

56310.97

32.85

Moderate quality

274.32

65314.19

38.10

Low quality

209.18

49805.01

29.05

Total

720.01

171430.17

100.00

Fig.9. Map showing management quality index (MQI) values

Environmentally sensitive area (ESA) index
ESAs are areas of land and waterthat have
sufficient ecological importance as to warrant their
preservationin the best long-term consideration of
the general population and environment.
The four previously mentionedindices are
utilized together to identifythe areas that are

sensitive to desertification. Fig.10 and Table 5
demonstrate the extent of theseESAs.
The final ESA index that reflects sensitivity
todesertification iscomputed as the geometric
meanof the four quality indicesthat compose it:

Fig. 10. Map showing classes of the environmentally sensitive area (ESA) index
Egypt. J. Soil Sci. 58, No.3 (2018)

ASSESSMENT AND MAPPING OF ENVIRONMENTALLY SENSITIVE AREAS TO DESERTIFICATION

333

TABLE 10. Classification of the values of the environmentally sensitive area (ESA) index
ESAindex class

Area (km2)

Area (feddans)

%

Critical

408.54

97271.49

56.74

Fragile

175.10

41689.95

24.32

Potential

136.37

32468.73

18.94

Total

720.01

171430.17

100.00

The results of environmentally sensitive area
presented that the environmentally sensitive
area index were classified to critical, fragile and
potential index which represented 56.74, 24.32
and 19.94% respectively. The largest influence
factors on sensitive area were soil salinity,
waterlogging and management levels.The
emphasis on sensitive to desertification is results
of conflicts between human activities, increasing
of population, limited land resources. Inadequate
human activities, such as the overexploitation
of natural resources and poor land management,
contributed to some extent to environmental
destruction.

Archer, E. R. M. (2004) Beyond the “climate versus
grazing” impasse: using remote sensing to
investigate the effects of grazing system choice on
vegetation cover in the eastern Karoo. Journal of
Arid Environments, 57, 381-408.

Conclusion

Dobos, E., Micheli, E., Baumgardner, M. F., Biehl,
L. and Helt, T. (2000) Use of combined digital
elevation model and satellite radiometric data for
regional soil mapping. Geoderma, 97, 367-391.

The results obtained using the MEDALUS
methodology highlight the extentand intensity
of the threat to desertification in the northern
Nile Delta ofEgypt. Geographicinformation
system (GIS) processingis used to allow for the
handling of significant amounts of data quickly
and effectively and to integrate new sources of
information derived from the processing of satellite
images and from additional surveys or research.
The results are used to obtain the final product
of this work, which is a map of desertification
vulnerability. This map provides an overview of
the desertification phenomenon. This approach will
help decision makers produceoptimal strategies
for use in rehabilitation effortsand fight against
desertification in sensitive areas.
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تقييم ورسم خرائط المناطق الحساسة بيئيا للتصحر باستخدام تقنيات اإلستشعار من بعد في
منطقة شمال الدلتا ،مصر
*فرحات سعد مغنم و **عبدالعزيز بالل عبدالمنطلب
* قسم األراضي والمياه  -كلية الزراعة  -جامعة كفرالشيخ  -مصر
** قسم التطبيقات الزراعية  -الهيئة القومية لإلستشعار من البعد وعلوم الفضاء  -القاهرة  -مصر
تهدف هذه الدراسة الى تقييم المناطق الحساسة بيئيا للتصحر ورسم خرائط لها باستخدام التكامل بين االستشعار
عن بعد ونظم المعلومات الجغرافية ( )GISفي الجزء الشمالي من دلتا النيل ،مصر.
التصحر هي واحدة من المشاكل األساسية ،وتشير إلى ظاهرة تدهور األرضي في المناطق الجافة وشبه الجافة،
الناتجة عن عدة عوامل بما في ذلك تغير المناخ واألنشطة البشرية.
عوامل التربة ,)soil quality index (SQIالمناخ ,)climate quality index (CQIالغطاء النباتي
 )vegetation quality index (VQIومؤشرات اإلدارة )management quality index (MQIهي
البيانات األساسية الالزمة لتقدير المناطق الحساسة بيئيا للتصحر ( .)ESAsتم حساب كل عامل وانتاج خرائط
لكل منها ,ومن بيانات الخريطة الطبوغرافية ،الخريطة جيولوجية ،كثافة استخدام األراضي ،تطبيق السياسات
فى األدارة ،صور األقمار الصناعية ( -+ETMعام  ،)2015وتحليل بيانات المسح الميداني ,تم استخدام وظيفة
التحليل المكانى في برنامجArcGIS 10.1لتحليل جميع الطبقات المتحصل عليها ألستخدامها فى تقييم حساسة
منطقة الدراسة بيئيا للتصحر.
توضح البيانات التي تم الحصول عليها من العوامل األربعة التى تؤثر فى حساسية األرض للتصحر وعمل
موديل على برنامج  ArcGIS 10.1لحساب درجة الحساسية البيئية للتصحر( )ESAsفوجدأنالمنطقهالحساسة
للتصحر توجد في األجزاء الشمالية من منطقة الدراسة والتي تقع حول بحيرة البرلس ،وهو ما يمثل  ٪19من
المساحة الكلية .أما الجزء األوسط من منطقة الدراسة تبدي حساسة هشة (متوسطة) للتصحر ،وهو ما يمثل ٪24
من المساحة الكلية .وتتميز األجزاء الجنوبية من المنطقة المدروسه حساسية حرجة وتمثيل  ٪57من المساحة
الكلية .وكانت أهم العوامل التي تؤثر على حساسية منطقه الدراسةللتصحر تشير الى ملوحة التربة ،ومستوى
الماء األرضى ومؤشرات األدارة.
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