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Abstract

This chapter analyzes, generally, the problems of desertification and land degradation,
highlighting the difference between the two terms and aspects to be assessed. The
common land degradation/desertification processes, in Egypt will be highlighted,
however the current chapter, as a start of an articles series focusing on desertification,
will only consider three important processes (i.e. urban encroachment, salinization and
wind erosion) to be detailed studied. Both the descriptive and quantitative approaches
will be followed and merged, showing advantages of combining both approaches in
assessment, sizing and combating preparedness. Regional assessment scale for the whole
territory of Egypt, in addition to some detailed case studies will be introduced, with
adaptation of indicators scale. Remote sensing, in addition to thematic maps, may supply
valuable information concerning landscape features, vegetation type and quality and land
use/cover, as inputs of the FAO-UNEP provisional methodology to assess aspects of
different desertification processes. Multi scale and multi spectral satellite sensors supply
reliable data sources to point out variable indicators needed to evaluate the present
status and risk of different degradation/desertification processes. Multi temporal
satellite imageries and thematic data make it possible to detect temporal land use/cover
changes, hence compute the annual rate of a desertification process. The EU-MEDLUS
methodology assessing the environmental sensitivity to desertification is rather due to
the use of remote sensing data in computing the Soil Quality Index (SQI), Vegetation
Quality Index (VQI), and Management Quality Index (MQI). Climate Quality Index (CQI)
may be computed, using meteorology satellites data. The Geographic Information System
(GIS) is a valuable tool to store, retrieve, update and manipulate the huge amount of data
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needed to map aspects if each desertification process. The system also facilitates
computation and mapping environmental parameters of different quality indices, hence
determining Desertification Sensitivity Areas (DSA’s). The Egyptian territory is
susceptible to very high-to-high desertification sensitivity. However the Nile Valley is
moderately sensitive due to cultivated vegetation cover. Combating desertification
measures are essential for the sustainable agriculture. Special concerns have to taken at
the desert oases, wadis and interference zone due to their rule in decreasing food gaps
and accelerating agriculture expansion. Operational innovative monitoring is
recommended to an early control of desertification sensitivity. Defining and followup the
Environmentally Sensitive Areas (ESA’s) are needed to point out the risk, magnitude and
causes of land degradation and desertification processes. Combining both descriptive
and quantitative desertification approaches may grantee full sizing of desertification
impacts.

Keywords

Land degradation Desertification Erosion Urbanization Salinization 
Remote sensing Egypt 
Access to this content is enabled by Egyptian Knowledge Bank
Download chapter PDF

15.1 Introduction

The studied topic is a combination of different processes resulting in the exposure of the
soil to other agents of deterioration (FAO 1986). It includes the clearing of ground cover,
bush fire, over grazing and destruction of woody species. The progressive disappearance
of favorable pasture is also included in this category. Numerous definitions of deserts
were developed, where none got common agreement about what constitute the desert.
However, the most widely accepted definitions are those using climatic factors. Desert
regions are not necessarily characterized by great heat, nor do they always consist of vast
expanses of shifting sand dunes. Polar deserts rarely experience temperature in excess of
10 ℃. The common characteristic to all desert types is their aridity throughout most or all
year (Thompson 1977). The arid regions of the world fall into three classes; Semi-arid,
arid and hyper-arid. The semi-arid areas have an annual rain fall less than 2/3 of the
potential evapotranspiration. Arid areas have less than 1/3 and hyper-arid areas have,
additionally, at least one 12-month period without rainfall. The hyper-arid Saharan
areas, including Egypt, hardly sustain life based on cultivation. Irrigation is the essential
way to any kind of intensive agriculture.

Desertification, the extension of desert like conditions, is a severe problem in the arid
and semi-arid regions. Younes (1982) identified desertification as the diminution or
destruction of the biological potential of the land which can lead ultimately to desert like
conditions. It occurs through different processes (e.g. wind erosion, water erosion,
vegetation degradation, salinization…etc.). The United Nation Environmental Program—
UNEP (1977) stated that 20 million square kilometers have recently reverted to desert or
desert-like conditions. Human life has always been closely linked with environment and

https://link.springer.com/content/pdf/10.1007%2F978-3-030-39593-3_15.pdf
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habitat. The pressure created by industrialization and urbanization has affected the
environment’s capacity to absorb the results of man’s activities and preserve the balance
in the natural equilibrium which has existed so far. Climate has not, during the past
millennia, changed drastically. Therefore, the pollution that exists today and the
irrational exploitation of natural resources are the direct products of man’s activities.

Desertification conditions are to a certain extend man-made. They are caused by one or a
combination of the following: transient (patchy) tillage (agriculture), over-grazing,
lumbering and deforestation of perennials; drought, agriculture mismanagement
practices, fire, Aeolian sand deposition and dune formation; soil erosion, water logging
and soil salinization (Helldén 1991).

The Egyptian deserts occupy nearly 96% of the country’s surface areas. Parts of these
deserts were different in the not too distant past. Egypt was a great field for cultivating
wheat in the time of the Roman civilization. Also, history tells about the oases where
Qampis lost his army under the creeping sand dunes. The paleo botanists, looking at the
fossils embedded in the sedimentary rocks, refer that most of these deserts can be older
than the late Cenozoic (Leopold 1963) and El-Baz (1982a, b), in a trip to the Egyptian
Western Desert, referred to the findings of his companions Drs. Haynes and Mchugh of
eggshell pieces, which were later carbon dated as being more than 8000 years old.
Droughts and crop failures have always threatened arid lands, as Joseph recognized
when he advised Pharon to set aside grain reserves in ancient Egypt.

15.1.1 Scope of Desertification Concept

The word desertification was apparently introduced by Aubreville (1949) while he was
observing the progressive replacement of tropical and sub-tropical forests by savannas, a
process he called savanization. He identified both fire and deforestation as the main
factors that allowed more arid conditions to set in, and used the term desertification to
indicate extreme cases of savanization. His prediction indicates that desertification is
characterized by severe soil erosion, changes in the physical and chemical soil properties,
and invasion of more xeric plant species. Le Houerou (1969) introduced the term
“desertization” to emphasize the role of human activities in arid and semi-arid regions
bordering actual deserts. Neither word was really popular, as that no dictionary included
either of them until very recently. Meanwhile, scientific research on the problem of these
regions continued, in particular under the supervision of the United Nations Educational
Scientific and Cultural Organization (UNESCO).

A review of literature reveals that desertification is not a new phenomenon. The Bible
and the Quran referred to seven lean and seven fat years in Egypt and Kana’n (Buttrick
1996). In the sixth century B.C. Napata, the capital of the Kingdom of Kush, near the
fourth cataract (Sudan), grazing around the city was abandoned because it resulted in
erosion and advancement of the desert (Dixon 1959). Leopold (1963) attributed the decay
of some ancient empires and town in southwestern and central Asia to a general decrease
of the annual rainfall. In 1922, Lord Lugard reported how he had seen the advances of
the Sahara to Sokoto, Nigeria.
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Afican Sahel (Fig. 15.1), is a semiarid region of western and north-central Africa
extending from Senegal eastward to Sudan. It forms a transitional zone between the arid
Sahara (desert) to the north and the belt of humid savannas to the south. The West
African Sahel is well known for the severe droughts that dominated the region in the
1970s and 1980s. Plenty of Meteorological investigations on the region has prospered
during the last decade as a result of several major field experiments. Recently, increasing
concern has been expressed about desert and desertification in a reaction against the
disaster of the Sahel. Actually the word “Sahel” is a geographic description of the narrow
strip land bordering the sahara, and is derived from the Arabic meaning “border”. This
disaster included six west African countries that faced drought from 1968 to 1973;
Mauritania, Senegal, Mali, Upper Volta, Niger and Chad. The drought has also affected
the southern border of Sudan and parts of many other countries as Somalia, Ethiopia,
Kenya and Tanzania.

Fig. 15.1

Sahel region

(source https://www.eshailsat.qa/en/DynamicPages/channels
(https://www.eshailsat.qa/en/DynamicPages/channels))

15.1.2 Magnitude of Desertification in the Globe

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig1_HTML.png
https://www.eshailsat.qa/en/DynamicPages/channels
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The tropical and subtropical deserts and semi-deserts represent 18% of earth’s land
surface. These areas are expanding annually due to the misuse of the environment. The
FAO and UNEP (1984) estimated that desertification threatens more than 785 million
people or 17.7% of the world population who lives in the dry lands. Out of this number
60–100 million people are affected directly by decreases in productivity associated with
current desertification processes. Falk (2019) refered that between 50,000 to 70,000
square kilometers of useful land are lost for production every year, through
desertification.

Ministry of Environment, India (2018) and Dregne (1987) referred that about 30% of
Spain’s arid land are severely decertified, 27% in North, 22% in Asia, 18% in Africa and
6% in Australia. The moderately decertified land ranges from 11% in Africa to 70% in
Spain.

Approximately 80% of the agricultural land in the arid regions of the world has
experienced moderate to severe desertification. Mabbutt (1985) referred that following
indicators are related to desertification danger:

1. 1.

Encroachment and growth of dunes and sand sheets;

 
2. 2.

Deterioration of rain fed croplands;

 
3. 3.

Water-logging and salinization of irrigated lands;

 
4. 4.

Deforestation and destruction of woody vegetation;

 
5. 5.

Declining availability and quality of ground water and surface water supplies.

 

According to Horowitz and Potter (1971) “The social factors leading to desertification are
of recent origin, as evidenced by the fact that affected areas have previously sustained
human population for long periods of time without serious degradation”. The two most
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important factors are viewed to be the rapid increase of human population and the
massive inclusion of external demands in the local economy.

15.1.3 Desertification Processes

It is a combination of different processes resulting in the exposure of the soil to other
agents of desertification (FAO 1986). It includes the clearing of ground cover, bush fire,
over grazing and destruction of woody species. The progressive disappearance of
favorable pasture is also included in this category. Different scientific opinions deal with
the causes of desertification, some are emphasizing upon the role of climatic factors, and
others palming the human action. The first group, because of lack in meteorological and
hydrological data, is relying upon the archeology, geomorphology, geology and history of
the flora and fauna. These studies concluded major changes of climate in the last
20,000 years, through which the Sahara regions passed several times pluvial and dry
periods (Grove 1969, 1996; RAPP 1974).

The second group considers that the climate is only a supporting factor. The indication of
this opinion is the creation of desert away from the desert margins. Over-cultivation can
lead to a sharp decrease in land productivity. Overgrazing also results in the removal of
vegetation cover and thus leaving the soil exposed to the wind action. In addition, bush
fire is an important factor for the desertification in some regions. All these factors
resulted in the destruction of the natural vegetation on which livestock and wild animals
depend, destruction of organic matter and hence the formation of infertile and fragile
soils. The bad quality or misuse of irrigation water may lead to the accumulation of salts;
possibly increase of exchangeable Sodium and the starting of alkalization and
sodification, which may result in a decrease of crop production.

Some studies, compromising between the two previous opinions, claim that the level of
rainfall in some important arid zones may be decreased partly by human
mismanagement, Bryson and Baerreis (1967) referred that the increased atmospheric
dust produced by over grazing, rangeland burning and over cropping can reduce local
rainfall or can encourage global climatic shift.

The desert area is characterized by a very scarce rain fall. However, flash rains are
frequently occurring. This phenomenon results in the removal of soil on sloping areas
and may lead to the exposure of the bedrock. Hagedorn et. al. (1977) stated that sporadic
rains can be very intensive, and run off is usually not retarded by soil or vegetation cover.
The low average annual runoff factor of 5% conceals the fact that even in higher-arid
deserts; the run off factor can become as high as 30 or 40% in a single flash-flood.

According to Cooke and Warren (1973), surface runoff will start when precipitation is
higher than 6.6 mm during single rain. Water erosion in three forms (i.e. sheet erosion,
rills and gullies formation and mass movements) will occur. During the occasional flood
rains, the water transports the erodible top soil, which is accumulated at the downslope.
The water erosion in the arid areas is of natural type, man influence is not frequent due
to the sparse vegetation cover.
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The FAO/UNEP (1984) listed the responsible processes of desertification as follows;

1. 1.

Degradation of vegetation cover

 
2. 2.

Water erosion

 
3. 3.

Wind erosion

 
4. 4.

Salinization

 
5. 5.

Reduction in soil organic matter

 
6. 6.

Soil crusting and compaction

 
7. 7.

Accumulation of substances toxic to plants and animals.

 

15.1.4 Active Desertification Processes and Their Extent in
Egypt

It is true that Egypt is a gift of the Nile. However the investment of this gift, its
conservation and development would have never been realized without the keen efforts
exerted by the Egyptians, throughout history (Hereher 2017). The cultivated area in
Egypt (Fig. 15.2) is limited to the Nile Valley, Delta and desert depressions which all
together present less than 4% of the total area. On the other hand about 96% of the
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country is occupied by almost barren land representing a part of Africa’s dry desert
region. Apart from cultivated land, Egypt is divided into three typical desert areas
namely, Western Desert, Eastern Desert and Sinai Peninsula.

Fig. 15.2

Egypt cultivated area limited to the Nile basin and desert depressions

(source Hereher 2017)

The Western Desert is a Northern dipping plain of sedimentary rocks, composed of sand
stone in the south and limestone in the north (Said 1962). It occupies 681,000 km , or
more than two thirds of Egyptian territories. The Landscape is interrupted by low
situated oases, and by granitic mountains in the south-west intersection between Egypt,
Libya and the Sudan. It is characterized by extensive bodies of sand including long chains
of sand dunes. Some of these dunes extend in N-S direction of several hundreds of
kilometers. The moving sand dunes overwhelm cultivations and inhabited oases. El-Baz
(1978a) found, by using Apollo-Soyuz photographs that some longitudinal dunes are
encroaching on fertile lands of the Nile Valley, especially after the completion of Nile
alluvium. El-Baz (1978b) managed to use Low altitude aerial photographs (Fig. 15.3) in
defining Aeolian submerged areas at the western borders of Nile Valley, Egypt.

2

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig2_HTML.png
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Fig. 15.3

Low altitude aerial photographs of Aeolian submerged areas

(source El-Bazb 1978a, b)

Water erosion processes by occasional thunderstorms are becoming frequent in Egypt.
Intensive rains fall on bare desert rocks and drains rapidly into the nearest wadi. The
United Nation report (1980–1982) refers that thunderstorms became more frequent
during last years; El-Menia Governorate was exposed to destructive effects of rain storms
between the years 1965 and 1975. Studies were later performed to protect new El-Menia
town against the run-off caused by the thunderstorms (Salem et al. 1982).

Desertification, caused by salinization and water logging, is an ecological hazard which
faced almost all large scale projects of irrigated land in the world. In Egypt, uncontrolled
floods and flooding irrigation in the absence of efficient drainage system have resulted in
such problems. In west Nubaria schemes, the calcareous silty soil responded to irrigation
and early vigor of biomass productivity seemed most promising, but it didn’t take many
years to notice that the ground water was rising at an alarming rate of 2–3 m annually
(Remote Sensing Center and ISPRA 1982).

Other desertification problems which exist in the arable land of Egypt have to be closely
studied. Urbanization and bricks industry are influencing the arable coverage and land
fertility. Also, water logging occurs as a result of non-efficient drainage systems.
Vegetation degradation is common in many areas of the arable land; however the
demand for animal products in Egypt is rising much faster than the increase in the
output. As a result there is a high pressure (over grazing) on the natural vegetation in the
grazing areas, as Sinai and the Northern Coastal region. Ayyad (1977) stated that the
northwestern coast region is the richest part of Egypt in flowering plants. The flora of this
region comprises a stock of genetically growing resources for quite a number of cultivars.
However, some species in the fauna and flora of the area are in urgent need of immediate
protection. It is worthy to highlight that Mariota’s area, along the north Mediterranean

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig3_HTML.png
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coast, which flourished during the Roman history and supplied vines and olives, has now
changed into nomadic pastoral life. In addition, non-palatable species are lumbered for
fuel, thus adding to and aggravating the problem of overgrazing; a problem which would
become irreversible unless sufficient attention is given to it.

The soil biota simultaneously interacts and exerts their effects on vegetation cover
(Ragan Shrestha et al. 2005). Among the biota, insects are considered the most
detrimental in reducing the number of viable seeds substantially per unit area. The least
palatable species gain preponderance. However, if plants in good years are not given the
chance to produce seeds then the number of potential seed stock in soil germinate in the
following season will be substantially reduced.

15.1.5 Monitoring of Desertification

In order to assess and map desertification processes, it is necessary to define, describe,
quantify and codify the various aspects of each process, starting with the current
condition. Since desertification is a continuous process which proceeds, if not halted in
time, through several stages before reaching the final stage, its rate of progress in terms
of time is an important aspect. The combined effects of climatic conditions, animal and
human impacts need to be well defined in order to determine and forecast the socio-
economic reflections of desertification problems. The provisional methodology of
FAO/UNEP (1981, 1983, 1984) listed the following aspects to be considered:

1. i.

The status, meaning the present situation as it is in the time of studying compared
to conditions which existed in the past.

 
2. ii.

The rate, meaning the spread and progress of the problem in relation with time.

 
3. iii.

The inherent risk, depending on the vulnerability of landscape to desertification
process, natural conditions (e.g. climate, physiography, soil erodibility, water
quality and water table depth).

 
4. iv.

The hazard, reference has to be made to natural susceptibility of the land to
desertification (i.e. status, rate and inherent risk) and to manmade factors (e. g.
livestock and population pressures on environment).
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Furthermore, it is necessary to identify specific indications that could be used to monitor
different desertification processes. These indicators should ideally be quantitative,
sensitive to changes in the factor being measured, easy to measure and few in number.
Criteria proposed by (FAO/UNEP) are shown in Table 15.1.

Table 15.1

Criteria indicating aspects of desertification processes *(FAO/UNEP 1981)
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Desertification
process

Desertification
aspect

Regarded criteria

Urbanization

Status
• Loss of fertile and within ten years (% of inhabited
area)

Rate • Increase in urban area per year

Risk • Population rowth

Vegetation
degradation

Status

• Canopy cover of perennial plants (%)

• Biomass in kg of Dm/ha/year

• Production of fodder in unit/ha/year

• % of potential productivity

• Biomass in kg of Dm/mm of rain

Rate

• Degradation increment (% per year)

• Range trend line for last 10 years (in absence of
drought

• Woodland trend line/year

• Cereal yield trend line/year
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Desertification
process

Desertification
aspect

Regarded criteria

Risk

• Increase of dryland (rainfed) arable land

• Increase in livestock production (in % per year)

• Overgrazing (Au/year)

• Animal unit (Au) (growth rate in % per year)

• Human population (growth rate in % per year)

• Animal unit carrying capacities

• Length of growing period (Less 180 days)

• Climatic index for biological degradation

• Moisture index (z)

• Bush fire (detrimental effects)

• Potential for reclamation

Water erosion

Status

• Density of rills and gullied per km

• Surface status

• Type of erosion

• Loss of top soil and subsoil %

• Soil deposits in cm

• Sequence of horizons

• Thickness of soil (A + B) in % of the original
thickness

• % of yield compared with non-eroded soils

• Decrease of organic matter content in % of non-
eroded soils

Rate

• Removal or deposition above normal in
Mt/ha/year or in mm/year

• Sediment deposits in dams in % of retention per
year
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Desertification
process

Desertification
aspect

Regarded criteria

Risk

• Slope

• Precipitation in mm

• Weight of soil lost in t/ha/year

• Rainfall factor

• Soil erodibility factor

• Topography factor

• Biotir factor

• Rainfall erosion index per type of climate

• Summer drought (two rainy and winter
precipitations) and winter drought (two rainy and
winter precipitations)

• Transition regimes

Wind erosion

Status

• Loss of top soil (%)

• Aeolian formations

• Total surface covered by Aeolian formations (%)

• Surface covered by veneer of Aeolian deposits

• Surface covered by hummocks (%) above normal
surface covered by moved dunes (%)

• Relative concentration of gravels and or stones on
ground surface
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Desertification
process

Desertification
aspect

Regarded criteria

Rate

• Removal above geologic rate (kc/ha/year)

• Sand blasting of fine material

• Depth of soil removed per year (cm)

• Growth rate of the area invaded by sand in % of
affected area

• Depth (thickness

• Wind erosivity index

• Sand storm frequency (times per year per ten
years period).

• Number of days per sandstorm per year

• Number of hours of wind storm per year

• Number of days of wind storm in Spring (March–
April) most dangerous in sub-tropical areas)

• Maximum wind speed at 2 m height (m/s) of soil
transported by wind (cm/year)

Salinization

Status

• Maximum Ece * 10 in mmhos/cm in upper 75 cm
of soil of the soil

• Maximum ESP in mmhos/cm in upper 75 cm of
soil of the soil

• Soil: plant yields (% of yields of similar non saline
field soil)

• New formations

• Morphological Observation

• Salt in t/ha/ 1.5 m

Rate

• EC increase in mmhos in upper 75 cm of soil

• ESP increase in upper 75 cm of soil, in % per year

• Yields in % per year

• Surface affected by soluble salt in %
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Desertification
process

Desertification
aspect

Regarded criteria

Risk

• Climatic index for salinization, number of dry
months (in absence of the critical depth of ground
water table)

• Average depth of ground water (cm) salt
concentration of irrigated water

Soil crusting and
compaction

Status

• Calcic accumulation and cementation form (depth
in cm)

• Gypsic accumulation and cementation form
(depth in cm)

• Ferric accumulation and cementation form (depth
in cm)

Reduction in soil
organic matter

Status • Actual situation in % of optimum natural level

Rate
• Reduction in organic matter in surface layer in %
per year for last three years

Excess toxic
substances in the
soil

Status • Lead, Zinc and copper

15.1.6 Utilization of Remote Sensing in Studying
Desertification

The importance of using remote sensing technologies in the study of desertification has
been confirmed in many scientific and technical events by several authors. It proves to be
highly effective in determining the physical, biological and human processes leading to
desertification. The fast progress in remote sensing technology, added more facilities to
monitor the physical structure and dynamic nature of desertification indicators (De Pina
Tavares et al. 2015). At large scale combined with stereoscopic coverages, certain
degradation phenomena can be highly accurately measured. At all scale, however, remote
sensing has important advantages. Shrestha et. al. (2005) applied imaging spectrometer
data to detect and map desert-like surface features. The authors referred that absorption
feature parameters in the spectral region between 0.4 and 2.5 μm wavelengths were
analyzed and correlated with soil properties, such as soil color, soil salinity, gypsum
content, etc. Some types of remote sensing data are relatively inexpensive and readily
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available. The multispectral nature of Landsat imagery has many advantages in the
natural resources evaluation, planning and management program. In addition to
multispectral capabilities, Landsat image offers the advantage of synoptic, multi-data
coverage which allow mapping on a near-real time basis and performing comparative
studies of dynamic surface conditions. Seasonal changes in vegetation pattern can be
discerned. For the concept of desertification mapping, remote sensing can identify many
of the boundaries and mapping units needed, as it gives a very exact delineation of
certain physiographic features.

It is often, in the studies of desertification and land degradation, to combine satellite
remote sensing information with other spatial data, like topography, soils, and land use,
into a Geographic Information System (GIS). A GIS provide the possibilities of analyzing
combinations of different data layers, which may result in understanding the rule of
different environmental parameters in causes and consequences of a desertification
process. Also, The calculation function of the GIS may assist in developing simple
empirical and semi-empirical models to determine the risk of land degradation or
desertification in the studied areas. Oktoth (2003) used a simple logit regression
equation to integrate the parameters of slope and ground cover, derived from remote
sensing, to determine water erosion, confirmed by field validation in Kiambu, Kenya. A
similar approach was used by (Vrieling et al. 2002) to determine water erosion risk in the
Colombian Eastern Plains.

15.2 Methodologies of Monitoring, Analyzing
and Mapping Desertification

15.2.1 FAO and UNEP Provisional Methodology for
Desertification Assessment and Mapping

The provisional methodology of FAO/UNEP (1984) for assessment and mapping
desertification was adopted to investigate the active desertification processes in the
arable land of Egypt. In this chapter, three most important desertification processes
(urban sprawl, salinization and wind erosion) will be analyzed and mapped from three
aspects point of view (i.e. status, rate and risk). For mapping desertification aspects, the
categorization guidelines, shown in Table 15.2 were followed.

Table 15.2

Bases of desertification aspect categorization
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Desertification categories

Present area in various desert categories

Slight Moderate Severe V. Severe

Slight >30% <30% <40%

Moderate <30%  <40%

Severe   

>40%

<30%

Very severe  <20%  

>40%

 >30%

15.2.2 Mapping Sensitivity to Desertification (DISMED)

Desertification is the consequence of important processes that turns productive land into
non-productive one, due to poor land-management. The United Nation Convention for
Combating Desertification (UNCCD) defined desertification as “land degradation in arid,
semi-arid and sub-humid areas resulting from various factors, including climatic
variations and human activities” (https://sites.google.com/a/owu.edu/land-degradation-
and-desertification/home/gen  (https://sites.google.com/a/owu.edu/land-degradation-
and-desertification/home/gen)). Batterbury and Warren (2001) postulated that where
land use performance, in the ecosystems, is the main limiting degradation factor,
desertification refers to active degradation in arid and semi-arid environment.

The EU funded project “Mediterranean Desertification and Land Use—MEDLUS”
distinguished between degradation processes in European Mediterranean environments
and the more arid areas. Physical soil loss associated with nutrient, caused by water
erosion dominant problems in the European Mediterranean region. On the other side,
wind erosion and salinization processes are most active ones in the arid Mediterranean
areas (Glantz 1977; Quintanilla 1981; Zonn 1981).

Desertification assessment methodology is base upon the fact that environmental
systems are generally in a state of dynamic equilibrium with external driving forces.
Small changes in the driving forces, such as climate or imposed land use tend to be
accommodated partially by a small change in the equilibrium and partially by being
absorbed or buffered by the system. Desertification of an area will proceed if certain land

https://sites.google.com/a/owu.edu/land-degradation-and-desertification/home/gen
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components are brought beyond specific threshold, where further change produces
irreversible alteration (Tucker et al. 1991; Nicholson et al. 1996, 1998). Environmentally
Sensitive Areas (ESA’s) to desertification around the Mediterranean region exhibit
different sensitivity status to desertification for various reasons. For example there are
areas presenting high sensitivity to low rainfall and extreme events due to low vegetation
cover, low resistance of vegetation to drought, steep slopes and highly erodible parent
material (Ferrara et al. 1999).

Mapping of environmental phenomena (e.g. desertification, degradation) needs to
monitor and collect information indicating the assessed aspect. Desertification indicators
are those, which indicate the potential risk of desertification while there still time and
scope for remedial action. Regional indicators should be based on available international
source materials, including remotely sensed images, topographic data, climate, soil and
geologic data (Woodcock et al. 1994; Pax-Lenney et al. 1996). At the semi-detailed scale
(ranging 1:25,000 to 1:1,000,000) the impact of socio-economic drivers is expressed
mainly through pattern of land use. Each regional indicator or group of associated
indicators should be focused on a single desertification process. The key indicators for
defining ESA’s to desertification, 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). This approach includes common measurable
parameters, found in existing soil, vegetation and climate reports.

The following three quality indices were computed;

1. (a)

Soil Quality Index (SQI)

 
2. (b)

Vegetation Quality Index (VQI)

 
3. (c)

Climatic Quality Index (CQI).

 

Figure 15.4 illustrates the main flow chart of concepts and steps followed to deduce
desertification sensitivity indices (DSI) and define the environmental sensitive Areas
(ESA’s). The main input data for calculating theses indices include a mosaic of LANDSAT
ETM+ image, geologic map of Egypt, produced by CONOCO (1989), climatic data
derived from the Ministry of Agriculture. An image processing system (i.e. ERDAS
IMAGINE 8.3) and a GIS system (i.e. Arc GIS 9) were the main tools in indices
computations and ESA’s mapping.
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Fig. 15.4

Flow chart of mapping Environmentally Sensitive Areas (ESA’s)

15.2.3 Mapping Soil Quality Index (SQI)

As vegetation and water are scares in arid and semi arid areas, soil is the dominant factor
in such ecosystems. Soil quality indicators for mapping ESA’s can be related to water
availability and erosion resistance (Briggs et al. 1992; Basso et al. 1998). In the current
work, a number of four measurable oil parameters (i.e. parent material, soil texture, soil
depth and slope gradient) were determined at the field investigation. Weighting factors
were assigned to each category of the considered parameters, on basis of OSS (2004) he
fyors were adapted from MEDALUS project methodology (European Commission 1999).
Table 15.3 demonstrates the assigned indexes for different categories of each parameter.
The Soil Quality Index (SQI) is calculated on basis of the following equation, and
classified according to categories shown in Table 15.4.

Table 15.3

Classes, and assigned weighting index for soil quality indicators (source European
Commission 1999)

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig4_HTML.png
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Soil quality
parameters

Class of indicators Description

Score

Wind Water

Parent
material

Coherent: Limestone, dolomite,
non-friable sandstone, hard limestone
layer

Good 1.0

Moderately coherent: Marine
limestone, friable sandstone

Moderate 1.5

Soft to friable: Calcareous clay, clay,
sandy formation, alluvium and
colluvium

Poor 2

Soil thickness

Very deep
thickness is more
than 1 m

1

Moderately deep
thickness ranges
from <1 m to
0.5 m

1.33

Not deep
thickness range
<0.5 m to 0.25 m

1.66

Very thin
Soil thickness
0.15 m

2.00

Texture
classes

Not very light to average
Loamy sand,
sandy loam,
Balanced

1 1.66

Fine to average
Loamy clay, clayey
sand, sandy clay

1.33 2

Fine Clayey, clay loam 1.66 2

Coarse
Sandy to very
sandy

2 1.66
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Soil quality
parameters

Class of indicators Description

Score

Wind Water

Slope
gradient

<6% Gentle 1

6–18% Not very gentle 1.33

19–35% Abrupt 1.66

>35% Very abrupt 2

Table 15.4

Classification of soil quality index (source European Commission 1999)

Class Description Range

1 High quality  >1.13

2 Moderate quality 1.13–1.45

3 Low quality  >1.46

(15.1)

Ip index of parent material, It index of soil texture, Id index of soil depth, Is index of
slope gradient.

The erosion agent (i.e. water erosion/wind erosion) is considered in rating the impact of
soil texture.

15.2.4 Mapping Vegetation Quality Index (VQI)

Vegetation quality, according to Basso et al. (2000) is assessed in terms of three aspects
(i.e. erosion protection to the soils, drought resistance and plant cover). The Landsat-5
TM satellite images mosaic covering Egypt (Fig. 15.5) is the main material used to map

SQI  = (Ip ∗ It ∗ Id ∗ Is)1/4
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vegetation and plant cover classes. Adapted rating values for each of erosion protection,
drought resistance and vegetal cover classes were adapted on basis of OSS (2004) as
shown in Table 15.6. Vegetation Quality Index was calculated according the following
equation, while VQI was classified on basis of the ranges indicated in Table 15.5.

Fig. 15.5

Landsat-5 TM satellite images mosaic covering Egypt

Table 15.5

Ranges and classes of desertification sensitivity index (DSI) (source European
Commission 1999)

Classes DSI Description

1  >1.2 Non affected areas or very low sensitive areas to desertification

2 1.2 < DSI < 1.3 Low sensitive areas to desertification

3 1.3 < DSI < 1.4 Medium sensitive areas to desertification

4 1.3 > DSI < 1.6 Sensitive areas to desertification

5 DSI > 1.6 Very sensitive areas to desertification

VQI = (IEp ∗ IDr ∗ IVc)1/3

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig5_HTML.png
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(15.2)
where: IEp index of erosion protection, IDr index of drought resistance and IVc index
of vegetation cover.

15.2.5 Mapping Climatic Quality Index (CQI)

Climatic quality is assessed by using parameters that influence water availability to
plants such as the amount of rainfall, air temperature and aridity, as well as climate
hazards, which might inhibit plant growth (Thornes 1995). Table 15.5 reveals the
classification categories of climatic quality index according to OSS (2003). The Climate
quality index is evaluated through the Aridity Index (AI), using the methodology
developed by FMA in accordance with the following formula In the current study, rainfall
and evapotranspiration data on a number of 33 metrological stations were used to
calculate the CSI as follows;

(15.3)

where: P is average annual precipitation and ETP is average annual Potential
Evapotranspiration.

ArcGIS10.2 software was used to map ESA’s to desertification Kosmas et al. (1999) were
followed by integrating all data concerning the soil, vegetation and climate in a GIS
model. Different quality indices were calculated and displayed as GIS ready maps from
which class areas are deduced. The Desertification Sensitivity Index (DSI) was calculated
in the polygonal attribute tables linked with the geographic coverage according to the
following equation;

(15.4)

15.3 Results of Case Studies

15.3.1 Assessment of Desertification Processes, According to
Adapted FAO/UNEP

15.3.1.1 Urban Expansion Process

Investigating and evaluating urbanization may be elaborated by using multi temporal
aerial photographs, satellite images and survey maps. Urban encroachment process is
only dangerous in the arable land, as the Nile Delta and Valley, Study areas were selected
within these regions. They represent geographical locations characterized by variable
environmental conditions, including large cities or towns and some small villages.
Figures 15.6 and 15.7 show location of study cases. The employed remote sensing means,
for studying each site, was in accordance with the site areas, studying scale and

CQI = P/PET3

DSI = (SQI ∗ VQI ∗ CQI)1/3
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resolution of remote sensing data (Table 15.6). The study sites comprise the following
locations in northern Nile Delta (i.e. Greater Cairo), South Nile-Delta (Kalub El Balad)
Middle Nile Delta (i.e. Tokh and Banha), and Middle Nile Valley (i.e. Mallawi and
Maghagha). Moreover 7 villages were also studied (Table 15.7).

Fig. 15.6

General location map of study areas in the Nile Delta

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig6_HTML.png
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Fig. 15.7

General location map of study areas in the Nile Valley

Table 15.6

Chosen urbanization study sites and used Remote sensing Facilities

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig7_HTML.png
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Townes Villages

Serial
no.

Name Used RS
Serial

no.
Name Used RS

1 Greater Cairo

Landsat
images

7 Beni Amir

Aerial
photos

2 Banha

8
Beni Khalid El
Baharia

3 Tokh

4
Kalub El
Balad

9 El-Baghur

5 Mallawi

Aerial photos

10 Kafr El Museilha

6 Maghagha

11 Kom El-Ahmar

12 Basus

Table 15.7

Acreages of urban areas monitored from aerial photographs (PH) and topographic maps
(M) and satellite images (Abdel-Samie et. al 1992)
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Name of
town/village

Governorate
Data

sources
Acreage

Increase
(Acres)

Rate

Beni Amir

El-Menia

M. 1953

PH. 1948

75.89

41.28
34.61 16.74

Beni AKhaled El-
Bahria

M. 1953

PH. 1948

95.15

54.62
40.53 09.28

El-Baghur
M. 1953

PH. 1948

05.19

25.46
20.27 12.60

Maghagha
M. 1953

PH. 1985

146.07

386.06
239.99 05.30

Mallawi
M. 1981

PH. 1985

076.13

170.05
93.92 30.84

Basus
M. 1961

PH. 1985

14.09

83.29
69.20 20.46

Kafr El-Muselha
M. 1945

PH. 1985

19.03

180.43
161.40 21.20

Greater Cairo Cairo & Giza
Sat. 1978

Sat. 2006
149.11   

Monitoring of urban areas was mainly based on remote sensing, in addition to validation
by ground truth data. The multi-concept of remote sensing was used to Coincide with
different study site conditions. It is found that small scale satellite images are suitable to
monitor large areas. The single scenes have the advantage of large area coverages. The
use of large scale aerial photographs permits the delineation and analyses of smaller
features.
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The use of relatively recent aerial photographs, compared with earlier dated topographic
maps (Figs. 15.7 and 15.8), made it possible to delineate boundaries of urban areas, using
ArcGIS 3.3. The GIS provided the multi-temporal urban area acreages, hence calculating
change rates. The same trend is approved, using multi temporal Landsat TM 5 images of
Greater Cairo (Fig. 15.9).

Fig. 15.8

Boundaries of urban areas of a Kafr El-Museliha, El-Munfya Governorate,
Nile Delta b Maghagha, El Menya Governorate, Nile Valley. Indicate a and
b in figures or below figures

Fig. 15.9

Multi-temporal Landsat TM 5 images showing Greater Cairo areas in 1978,
1984 and 2006

The provisional methodology of FAO/UNEP and UNISCO (1984) was taken as a
guideline to evaluate the problem of urbanization in Egypt. The methodology was
modified on the assumption that accepted average increase of urban areas is <1% per
year. This assumption is based on the usual rate of population growth in most developing
countries as 1:2% per year. Thus, the suggested rating values for different aspects of
urbanization are proposed in Table 15.8. The area of greater Cairo increased from 149.11
to 192.1 and 557.87 km  during 1978, 1984 and 2006 respectively. The increased area
represents 28.85% of the original coverage.

2

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig8_HTML.png
https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig9_HTML.png
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Table 15.8

Class limits suggested for assessing different aspects of urbanization

Desertification
aspect

Assessment indicator

Class limits

Slight Moderate Severe
Very

severe

Status
Loss of fertile land within ten
years (% of inhabited area)

 <20 20–30 30–50  >50

Rate
Increase of urban area per year
(%)

1–1.5 1.5–2.5 2.5–4.5  >5

Risk Population growth (%) <1.5 1.5–2 2–3  >3

The results (Table 15.9) show that the study areas are almost exposed to a very severe to
severe status and rate of urbanization; all the study areas face severe risk. These
measures are based on the assumption that all urban expansion happened on cultivated
fertile lands. Indeed, this assumption is mostly true because the creation of new urban
communities in the desert is a recent policy started 1990’s as an attempt to save the
remaining fertile lands from being lost. Also, constructing new urban areas away from
the cultivated land will protect more fertile soils to be scraped out for bricks industry.

Table 15.9

Evaluation of different aspects of urbanization
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Name of town or village

Status Rate Risk

(1) Class (2) Class (3) Class

Village Beni Amir 170.0 V. Severe 16.74 Severe 2–3 Severe

Village Beni Khaled El-Bahria 93.00 V. Severe 09.28 Severe 2–3 Severe

Village Baghur 126.0 V. Severe 12.60 Severe 2–3 Severe

Town Maghagha 53.00 V. Severe 05.03 Severe 2–3 Severe

Town Mallawi 308.0 V. Severe 30.84 Severe 2–3 Severe

Town Basus 205.00 V. Severe 20.46 Severe 2–3 Severe

Village Kafr Museilha 212.00 V. Severe 21.20 Severe 2–3 Severe

Capital city Greater Cairo 48.10 Severe 04.80 Severe 2–3 Severe

Town Banha 46.40 Severe 04.64 Severe 2–3 Severe

Town Tokh 31.78 Severe 03.17 Severe 2–3 Severe

Village El-Kom El-Ahmar 43.70 Severe 04.37 Severe 2–3 Severe

Town Kalub El-Balad 67.73 V. Severe 06.77 Severe 2–3 Severe

Greater Cairo 67.06 V. Severe 06.71 Severe 2–3 Severe

(1) Loss of fertile land within ten years (% of inhabited area)

(2) Loss of fertile land within ten years (% of inhabited area)

(3) Population growth (%)
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The estimation of risk is based on population increase of 1,200,000 persons per year,
which represent 2–3% in a population of 52 million people then. Following a more
civilized population policy may reduce the future risk.

15.3.1.2 Assessment of Salinization and Water Logging Processes
Case Studies

The origin of soil salinity is commonly related to evaporation of water solution and
accumulation of salts in different soil profile layers and also at same solution. Generally,
a number of four processes take place in this cycle; migration, accumulation, deposition
and redisposition of salts in one or more of the following media;

1. (a)

Marine solution

 
2. (b)

Surface and ground water

 
3. (c)

Artesian deep waters and

 
4. (d)

Irrigation waters.

 

In Egypt, marine cycle of salinization is apparently connected with the soils of low-lying
areas near the Mediterranean Sea coast at northern Nile Delta. The land is directly or
indirectly influenced by sea water of Mediterranean area during periods of tide and
storms. Consequently, ground water of very high salinity exists. Sodium chloride
constitutes most of the soluble salts, together with much smaller concentrations of
magnesium chloride. Continental mass of salt migrate with river water to the Nile Valley
and delta regions, where they accumulate as a result of evaporation and water
transportation.

Artesian water cycle salinization is best illustrated in the oases. The irrigation water
salinization results from incorrect activities of man particularly through impeded
drainage, insufficient leaching and/or incorrect use of saline water. In his studies on the
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soils of Egypt, Kovda (1958) defined theses cycles and their existence in Egypt with
specific reference to certain visited locations where saline soils prevail.

The first national soil salinity survey completed by the soil survey department, Ministry
of agriculture, was carried out 1957–1974. During this period, an area of about 8.285
feddans was surveyed. The system adopted for that survey and classification into
different classes was that which is formulated and used by the U.S. Bureau of
Reclamation. Details of the areas classified under different ratings are presented in Table
15.10.

Table 15.10

Areas classified under various soil-productivity classes based on soil surveys undertaken
from 1957 to 1974
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Soil Rating

Nile Delta Nile Valley Total

Area, Fed % Area, Fed % Area, Fed %

Cultivated

Class I 192,157 3.5 0,167,460 5.98 359,617 4.34

Class II 1,252,334 22.8 1,381,023 49.25 2,633,357 31.79

Class III 1,718,622 31.3 0,573,024 20.48 2,291,464 27.66

Class IV 0,429,025 7.8 169,655 6.06 598,680 7.22

Subtotal cultivated 3,592,138 65.48 2,291,162 81.87 5,883,300 71.01

Uncultivated

Class V 1,431,046 26.11 194,809 6.97 1,625,855 19.61

Class VI 0,462,953 8.41 312,638 11.18 775,591 9.38

Subtotal cultivated 1,893,999 24.52 507,447 15.13 401,446 28.99

Total surveyed 5,486,137 100 2,798,609 100 8,284,746 100

It is noteworthy that soil salinity condition is the main factor in rating soils under classes
III and IV. Therefore, the figures for areas under these two classes (Table 15.10) are
indications of the magnitude of saline and alkaline soil distribution.

1. A.

Monitoring of soil salinity

 

Soil salinity, refers to the state of the soluble salts accumulation in soil. It can be
determined by measuring the electrical conductivity of a solution extracted from a water-
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saturated soil paste. The electric conductivity as ECe (Electrical Conductivity of the
extract) with units of decisiemens per meter (dS/m ) or milliohms per centimeter
(mmhos/cm) is an expression for the anions and cations in the soil (Al-Khaier 2003).
Since mid-fifties intensive research has been carried out on soil salinity and water
salinity connected with irrigation and drainage. However, most of this work, whether in
the universities or Agricultural research institutes, was not systematic. Hence, no clear
period assessment on changes in salinity of soils, at the national level is available.
Nevertheless, the soil and water research institute compiled two often used documents;
(a) a soil salinity map of the Delta, (Fig. 15.10) which was based on the data collected
from the soil survey, using aerial photographs, and analyses conducted in 1957–1974
period and; (b) a comparative study on soil changes in the Fayoum Governorate first
survey (1960) and second survey (1980).

Fig. 15.10

Classification of soil salinity, according to salinity of top soil, based on
aerial photography Compiled by: Soil survey and classification Dept., Soil
and Water Use Research Institute, Agr. Res. Center 1975, was based on the
data collected from the soil survey, using aerial photographs

It may be stated that there is no systematic program for monitoring changes in salinity of
irrigated soils on the national scale. However, there are hundreds of localized activities
and investigations which collect data on soil characteristics.

Recently, some research institute collected accurate data on volumes and salinities of
drainage water. It was aimed to compile a map showing salinity of drain water of the
delta in 1986 (Fig. 15.11). The range of salinity categories used were as follows; 700, 750–
1000, 1000–1500, 1500–2000, 2000–3000 and 3000 gm/cm. Taking drainage water
salinity as an index of soil salinity, then this map indicates the following;

1. 1.

−1

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig10_HTML.png
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Non saline soils occupy small areas especially in south delta between the two Nile
branches, Midwestern delta adjacent to Rosetta branch and north eastern delta
around Mansoura.

 
2. 2.

Category of drainage water salinities in the range of 750–1000 gm/m  (ppm)
dominates all south, middle and south east deltas. It covers the largest area
compared with other categories.

 
3. 3.

Salinity range 1000–1500 is found in the northern half of the delta distributed in
the middle, east and west of delta. It constitutes a large area second to the area
covered by the 750–1000 gm/m  category.

 
4. 4.

The other categories represent soils located towards the edges of the delta. They
include some of the newly reclaimed areas.

 

Fig. 15.11

Map showing salinity of drainage water in the Nile Delta in 1986

It should be highlighted that remote sensing and GIS became the key tool in most of the
survey activities analyzing physiography, landscape, hyperspectral data… etc. These large
numbers of activities do not follow the same systems of sampling or data recording that
makes it difficult to compile tables or maps of soil salinity, particularly when specific
study date is not mentioned.

3
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1. B.

Detecting temporal changes in soil salinity

 

In 1989, the drainage water research institute published a report included recent data on
average salinity of drainage water in the delta during 1988. In order to assess the present
status of salinity, an attempt was made to compare the map of “Land classification
according to top soil salinity, 1975 and those of “Average drainage water salinity of same
region, 1988”. It was not feasible to reach logical conclusion as the first map is based on
actual soil salinity and the second on drainage water salinity. Moreover, the first map was
compiled from soil data collected over 20 years. It would be important to deal with the
original soil survey for detailed analyses on district or governorate level.

In the current chapter, a comparison is highlighted between 1986 and 1988 water salinity
drainages data, assuming that reflects condition of soil salinity. These maps are
presented in Fig. 15.12 for the delta area. Table 15.11 summaries the changes occurred
between 1968 and 1988.

Fig. 15.12

Maps showing changes detected in drain wafer salinity,1986 and 1988 for
the Nile Delta area

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig12_HTML.png
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Table 15.11

Changes in soil salinity in 1988 as compared with 1986 (drawn from drainage water
salinities in the two years)

Catg.
no.

Category of drainage
water (soil) salinity

gm/m

Quantitative changes in 1988 compared
with 1986

1  <750
Area increased slightly on the expense of category
2

2 750–1000
Area decreased due improvement (i.e. changes to
category 1)

3 1000–1500
Area decreased due improvement (i.e. changes to
category 2)

4 1500–2000
Area decreased due improvement (i.e. changes to
category 3)

5 2000–3000
Area decreased in delta but additional area added
to newly reclaimed land west of the delta

6  >3000 Area increased on account of category 5 g

It can be stated that there is no systematic program for monitoring changes in salinity of
irrigated soils on the national level. However, there are hundreds of localized activities
and investigations which collect data on soil characteristics including salinity and
alkalinity. These large numbers of activities do not follow the same sampling systems f or
data recording and thus isn’t convenient to be compiled. Recently, some research
institutes started collecting accurate data on volumes and salinities of drainage water.
The collected data were used to compile a GIS digital map showing the salinity of drain
water for the Nile Delta in 1986.

1. C.

Use of remote sensing in assessment of soil salinity in Egyptian soils

 

3
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Soil salinity is a dynamic phenomenon, thus needs to be monitored regularly to secure
it’s up to update status, extent, degree of severity, spatial distribution, nature and
magnitude. Remote sensing data provide great potentiality in analyzing and monitoring
soil salinity through aerial photography or multi sensors satellite images (Allbed and
Kumar 2013). There are plenty of satellites and sensors useful in detecting and
monitoring the saline soil. Spatial resolution of the satellite images varies according to
satellite platform, from 120 m (Landsat-5MSS/TM thermal bands) and 100 m (Landsat
8-Aster TIRS) to a meter-resolution IKONOS (4.0 m) or QuickBird (2.44 m), however
there are some obstacles for the wide use of such data. In particular, optical waves back-
scattered from the terrain and registered by the sensor are sensitive to weather
conditions (dense clouds, rain, etc.) and, additionally as being passive sensors, images
can be obtained only in daylight. To avoid these problems, radar images from satellites
(as ERS-1 and ERS-2, JERS-1, RADARSAT-1 and ENVISAT) can be used for erosion
research. The main advantages of active radar systems are weather independence and
both day/night acquisition possibility. Multispectral data such as LANDSAT, SPOT,
IKONOS, EO-1, IRS, and Terra-ASTER with variable resolution values, in addition to as
hyperspectral sensors.

In the context of using remote sensing in studying salinization, mapping of salt affected
soils is based on satellite image classification. Moreover, modelling of soil salinity is done
in a GIS using a detailed digital elevation model and information about the impeded clay
layer as the most important data layers. The results of the modelling correspond with the
obtained image classification. This model is elaborated for the desert Delta fringes of
Egypt, based on geomorphology, remote sensing and GIS. From the agricultural point of
view, saline soils are the soils which contain sufficient neutral soluble salts in the root
zone to adversely affect the growth of most crops (see Table 15.11).

Iqbal (2011) delineated surface soil salinity in the prime rice-wheat cropping area of
Pakistan. The study employed an index-based approach of using optical remote sensing
data in combination with geographic information system. An index-based approach of
using optical remote sensing data, in combination with geographic information system,
was tested. Variable satellite imagery indicators were examined, using different spectral
band combinations.. The author found that Near infrared and thermal IR spectral bands
proved to be most effective as this combination helped easy detection of salt affected area
from the non-saline ones.

“For the purpose of definition, saline soils have an electrical conductivity of saturation
extracts of more than 4 dS m  at 25 °C” (Richards 1954).

The study was based on recently collected accurate data on volumes and salinities of
drainage waters and official data on available irrigation waters. Studying the change in
soil salinity between years 1986 and 1988 revealed, in general, improvements in areas
characterized by drainage water salinity of 750–2000 g/m . However, areas whose
drainage water salinities ranged from 2000 to >3000 g/m recorded an increase. Salt
balance data were calculated in four separate pilot areas with a total area of 150,000
feddans. Deposition of salts was associated with low volumes of applied irrigation waters.
Calculating the salt balance on the national level revealed a removal of 13.3 million tons
of salts in 1990, from an irrigated area of 7.2 million feddans. Future prospects for the

−1

3
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year 2017 were analyzed in view of the plans to increase the cultivated area by 3.4 million
feddans. The estimated salt balance in the year 2017 indicates an addition of 62.2 million
tons of salt every year to the irrigated soils, not including salts which are added through
other sources such as chemical fertilizers and manure. These figures stress the necessity
of a tight control on water use for irrigation combined with adoption of modern irrigation
and efficient drainage systems. An ultimate necessity in face of such a situation is to
breed and grow high salt-tolerant crops [1 feddan = 0.42 ha].

15.3.1.3 Assessment of Wind Erosion and Aeolian Activities

The agriculture in Egypt is concentrated in the Nile Valley and Delta (4% of total
Egyptian geographical surface) where 95% of population is concentrated. Most of Egypt,
except the narrow Mediterranean semi-desert belt, is characterized by arid to hyper arid
environment. A Landsat-TM-5 satellite image mosaic of Egypt (Fig. 15.13) shows the
distribution of different geomorphological units (i.e. Hamda Desert, Gravel, and land
forms of aeolian and fluvial natures indicate desert environments).

Fig. 15.13

Landsa TM 5 satellite image mosaic of Egypt, showing distribution of
different geomorphological units of the true desert. (Aeolian and
fluvial/colluvial landforms indicating variable desertification processes

The Western Desert (Western side of Nile Valley) is dominated by aeolian land forms,
where longitudinal sand dunes indicate main wind direction from northwest to
southeast. Moreover, Barchan dunes move, according to occasional sand storms from

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig13_HTML.png
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east to west. Sand sheets and rocky to gravely surface inhibit the dune corridors and
plateau.

1. A.

Factors influencing wind erosion processes

 

Concerning desertification by wind erosion process, Aeolian deposits present serious
worldwide problems. The extensive Aeolian deposits from past geologic eras give
evidence that it is a phenomenon of long history. Skidmore (1986) indicated the
following conditions that allow wind erosion wind erosion to activate:

1. 1.

Strong wind.

 
2. 2.

Loose, dry and finely divided soil.

 
3. 3.

Relatively large area of open land.

 
4. 4.

Smooth soil surface devoid of vegetation cover.

 

These factors greatly characterize the Egyptian territory at western desert, northern parts
of the eastern desert and Sinai. In these regions, Aeolian activity has its effect on the
cultivated lands in different degrees. Climatic conditions affect greatly the formation of
Aeolian landforms such as precipitation, rainfall variability and intensity, air and soil
temperature, air humidity and wind. The most important climatic element for dune and
sand sheet formation are constant wind direction. Wind speed at the ground has to be
sufficiently high for sand grains transport. According to Bagnold (1954), the threshold
wind speed ranges 12–19 km/h, lesser wind have no morphological effects. Also,
consistency of wind direction and wind duration are of great influence on sand
movement. A wind of rather low intensity, but blowing for a long time, will have the same
effect of sand fields and sand dunes as strong wind blowing for short times only.
Moreover, the mechanical effect of transported sand will increase ten times where speed
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rises from 24 to 34 km/h and 100 times when it rises from 24 to 56 km/h (Bagnold
1954). This shows that high speed sand-storm are especially important for the formation
and movement of sand dunes.

The lower limit of particle sizes that can be formed into Aeolian bed forms is controlled
by a number of factors. The primary control is through the settling velocities of particles
in air. Particles below a certain size travel in suspension in the wind, whereas above that
the movement is mainly saltation. The small particles is lifted by turbulence, and are
therefore diffused to great heights. The fine particles are thus carried away more quickly
and therefore separate from the coarser grains. Three possible types of grain motion
during transportation of sand by wind as based by Hagedorn et al. (1977) are as follows;

1. i.

Transport by suspension, relevant for clay and silt only.

 
2. ii.

Transport by saltation (i.e. jumping movement of particles in trajectory curve).
This affects the majority of sand grains).

 
3. iii.

Movement by repetition (i.e. the creeping and rolling of larger grains by the
saltation impact of smaller grains, creep is usually a quarter of the total load.

 

1. B.

Sand drift potential

 

The drift potential (DP), the resultant drift potential (RDP) and the direction variability
(VAR) of sands have been calculated (Gad 1988) in addition to drawing and mapping
seasonal and annual sand roses for a number of meteorological stations covering all
Egyptian lands. According to those maps and data (Table 15.12), the following results can
be expected with respect to seasonal changes:

1. 1.

During winter, winds nearly have west-east direction along the northern coast,
with high DP values toward the east, and shows moderate wind variability.
Towards the south, the wind changes its direction to be south-southeast at El-
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Minya and Asyut with very low drift values, which reach their lowest at El-Faiyum
and El-Minya. Hover, VAR values indicate high variability of wind especially at
Asyut and Cairo, while at El-Minya the wind direction is nearly stable. At Aswan,
wind direction becomes north-south.

 
2. 2.

During summer, the wind has a remarkable north-south direction especially along
the Nile Valley and Nile Delta, with slight change towards the south-south east at
Alexandria, Cairo, Port Said and Asyut. The wind possesses low variability during
this season allover Egyptian territory. The maximum drift values occur at Port
Said. While the minimum values are found at Cairo, El-Fayum and Luxor, and the
moderate values at El-Minya, Asyut and Alexandria.

 
3. 3.

During spring, the wind blows mainly towards the southeast along the northern
coast. El-Fayum and El-Minya. Along the lands of upper Egypt and Delta, wind
becomes of north-south trend. But at Asyut it blow up toward the east. The
greatest values of wind variability are found at Asyut. Indeed, spring season is
characterized by a maximum in the relative drift potentials compared with the
other months or the year. This fact reflects the unstable character of wind
direction in this season.

 
4. 4.

During autumn, the wind is mainly blown towards the south along the coasts, Nile
delta and Nile Valley. Its direction slightly changes toward the south-south east at
Alexandria and toward the east at Cairo. The wind variability shows that Luxor is
characterized by unstable wind direction than the other regions along the
Egyptian territories.

 

Table 15.12

Resultant Drift Potential (RDP), Drift Potential (DP) and Drift Potential Variability
(VAR) in the studied climatic stations (After Gad 1988)



4/24/2020 Qualitative and Quantitative Assessment of Land Degradation and Desertification in Egypt Based on Satellite Remote Sensing: Urbanizat…

https://link.springer.com/chapter/10.1007/978-3-030-39593-3_15 44/79

Region Winter Spring Summer Autumn

 DP RDP VAR DP RDP VAR RDP DP VAR RDP DP VAR

Mediterranean Coast

Salum 474.3 536.6 0.123 178.1 239.3 0.256 128.0 135.8 0.057 45.1 65.7 0.314

Marsa
Matruh

299.5 533.5 0.439 161.0 422.1 0.619 74.3 109.5 0.321 37.4 71.0 0.473

Alex 189.0 251.0 0.247 111.8 189.8 0.411 62.9 68.7 0.084 31.5 39.1 0.194

Damietta 60.7 80.3 0.244 79.8 96.0 0.169 95.2 185.8 0.488 3.6 7.3 0.507

Pot Said 500.2 822.5 0.392 370.9 617.3 0.399 526.5 589.4 0.107 339.6 386.1 0.120

Lower Egypt

Tanta 13.6 16.7 0.814 32.0 35.3 0.093 28.6 28.6 0.000 0.0 0.0 0.000

Cairo 2.8 3.4 0.824 18.8 22.0 0.145 0.9 0.9 0.000 10.0 11.5 0.130

Middle Egypt

Fayoum 1.3 1.3 0.000 19.3 11.9 0.383 4.6 4.7 0.021 20.4 22.7 0.101

Beni Suef 0.0 0.0 0.000 0.0 0.0 0.000 3.0 3.0 0.000 0.000 0.0 0.000

Upper Egypt

Menia 7.3 7.5 0.027 102.9 80.3 0.220 61.9 62.4 0.008 14.9 15.5 0.039

Assiut 20.0 55.0 0.622 154.8 75.9 0.510 18.6 21.3 0.127 25.3 30.0 0.157

Luxor 1.6 4.8 0.667 23.9 15.2 0.364 8.5 9.6 0.115 6.2 9.4 0.340
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Region Winter Spring Summer Autumn

 DP RDP VAR DP RDP VAR RDP DP VAR RDP DP VAR

Aswan 154.1 159.6 0.034 592.7 551.4 0.070 276.3 296.8 0.069 159.9 180.7 0.115

Western Desert

W. El
Natrun

558.3 753.6 0.259 955.4 672.6 0.296 100.0 169.8 0.409 600.8 702.1 0.144

Siwa 54.6 65.4 0.165 137.2 79.9 0.418 56.5 60.5 0.066 19.9 30.4 0.345

Baharia 30.3 40.8 0.257 71.3 45.5 0.362 145.2 159.2 0.088 9.5 9.5 0.04

Dakhla 1.1 3.5 0.686 71.8 65.3 0.091 28.8 30.8 0.065 1.8 4.6 0.609

Kharga 105.1 116.4 0.097 535.3 497.4 0.071 327.4 335.0 0.023 127.0 138.5 0.063

Red Sea Coast

Ismaillia 105.0 186.3 0.436 176.0 100.5 0.429 10.9 49.0 0.165 25.3 25.3 0.000

Hurghada 1752.9 1946.9 0.100 2632.4 2247.7 0.146 2331.4 2446.0 0.047 1158.2 1219.2 0.050

Quseir 188.7 198.2 0.048 342.5 235.0 0.314 104.5 118.8 0.120 75.7 94.5 1.199

With respect to regional differences in wind dynamics, in general, the Egyptian lands
especially the coastal area, delta and the Nile Valley are characterized by the following;

1. i.

The Mediterranean coast, especially at Port Said shows the greatest values of wind
variability and the (RDP). Wind is mainly blown up towards the east in winter and
changing clockwise towards the southwest in spring, south-southeast in summer
and to the south in autumn.

 
2. ii.
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In lower Egypt, the wind is blown up from northwest in winter, northeast in
spring, north in summer and from the west in autumn. In Cairo, wind variability
possesses the greatest values during winter and the lowest values during summer
as compared with the other Egyptian regions. Generally, the relative drift potential
over Lower Egypt is small during all seasons of the year.

 
3. iii.

In Middle Egypt, the prevailing winds blow toward the east south east in winter,
southeast in spring, south in summer and east in autumn. Wind variability and
the relative drift potential value are nearly similar to those of Lower Egypt.

 
4. iv.

In Upper Egypt, the main wind trend is nearly stable at Aswan and blows up
towards the south. In Minya, the wind blows up towards south-southeast in winter
and spring and to the south in the summer and autumn. In Asyut, it blows up
towards the north east in winter, to the east in the spring, to south east in the
summer and autumn. The highest relative drift potential value in Upper Egypt is
found in Aswan, while the lowest value is in Luxor. Moreover, Asyut possesses
higher value than El-Minya, except in the spring. The wind variability values show
that in Aswan the wind possess an unstable character of wind direction, while in
El-Minya the wind changes its direction only slightly.

 
5. v.

Spring is apparently the preferential season for high wind and sand storms, and
the wind variability is generally high in this season, and the anomalous wind
direction is from the south (Khamasin) and from the west (especially in the
western regions of Egypt).

 

1. C.

Sand deposits sedimentation

 

There are three ways by which sand grains rest deposition. On Egyptian territories, the
three types of sediments are represented as follow;
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True sedimentation, takes place where particles falling through slowly moving
air strike the surface with insufficient velocity for further movement. For grains
carried in suspension, this is the mode of deposition where sand grains deposited
over cultivated lands of the Nile Valley and Delta.

Accelerations occur either when surface roughness increase or when velocity
decreases, such as sand deposited on highly weathered land of the plateau
bordering the Nile Valley. Also, when velocity decreases by external causes, such
as the sand deposited on the flood plain bordering the Nile Valley, where wind
velocity decreases by cultivated lands, or that deposited at the foot scarps of the
plateau area. The difference between both true and accelerated sedimentation is
that the first deposits sink to the ground and no more moves, while the other are
still moved for some distance to a secure hollow.

Encroachment: This deposition mode occurs without changes of wind speed,
surface creep is held up by some obstacles over which saltation may pass on. A
common case is the steep slope of the dunes and plateaus slopes.

The sand patches and dunes on the desert surface originate in gentle dip, behind small
change irregularities on surface or where convergent secondary occurs. An increase in
velocity or divergence in the wind leads to erosion, such as that which occurs during
winter and spring. Steady velocity means neither deposition nor erosion and decreasing
velocity or convergence means depositions such as that which occurs along the western
boundary of the cultivated lands between Beni Suef and El Fashn (Landsat-TM 5 image
at Fig. 15.14). Since sand particles rebound more easily off a hard surface of rock or
desert pavement than off sand, any wind that can initiate sand movement over, it will be
larger than over a sandy surface.

Fig. 15.14

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig14_HTML.png
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LandsatTM-5 image of western Beni Suef and El Fashn, characterized by
decreasing wind velocity or convergence and Aeolian depositions

Aeolian activity is highest in the lower plains. This is shown in the area extending
between the cultivated lands and eastern scarp of the western plateau between Beni Suef
and Assyut. The large difference in altitude between the flood plain and its surrounding
high plateau leads to development a regional circulation pattern with strong winds of
high turbulence and frequent shifts of directions. The area taken up by sand fields has
increased in the process of desertification.

1. D.

Morphology of the dune origin areas

 

The following types of sand cover were delineated from Landsat images covering the
Egyptian lands;

1. 1.

Beach areas along the Mediterranean coast, passing through Alexandria, Rosetta
and North Sinai (Fig. 15.15): These areas represent the rule lead to development of
coastal dunes only. The sand furnishing areas were larger during the cold periods
of Pleistocene due to related eustatic sea-level depression (Hagedorn et. al. 1977).

Fig. 15.15

Beach areas along the Mediterranean coast, passing through
Alexandria, Rosetta and North Sinai, representing the rule lead to
develop coastal dunes only

 
2. 2.

Flood plain of the river Nile in the western desert fringes between Asyut and El
Fashn: Their dunes are mostly of hilly and hummocky types.

 

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig15_HTML.png
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3. 3.

Low plains located in western desert and the northern parts of Egyptian lands as
the Great Sand Sea, wadi El Rayan depression, the low plain east of, northern
Sinai low lands and the west delta law plain the low plain west of the flood plain
between Asyut and Beni Suef. Dunes formed over these plains are mostly of
longitudinal with other types.

 
4. 4.

Terminal basins in internal drainage areas of Qattara, Sittra- El Baharia playas
and El Baharia, Frafra, El Kharga and El Dakhla oasis. Their dunes are mostly
longitudinal and barkhan types.

 

Sand blown out of beaches or flood and low plains have largely been reworked from older
sandstone deposits either by weathering or by fluvial activity. Sand may also stem from
Aeolian erosion of sandstone.

1. E.

Sand dune shapes and movement

 

Sand dunes are mounds, hills or ridges of windblown sand. They are found where is a
source of sand, a wind strong enough to erode and transports particles and a land surface
on which to deposit the sand. The initial form of a dune is the sand patch likely to occur
wherever topography leads to reduction in wind speed plus resultant deposition. Since
particles rebound more easily off a hard rock surface than off sand, any wind that can
initiate sand movement over a hard surface will be able to carry less sand per unit of time
over a beginning sand patch. The later, therefore, act as a barrier to sand flow and
induces further accumulation such as that found at El-Menya, Asyut and Ismaillya-Cairo
cultivated lands.

Sand dunes mostly tend to form an asymmetric cross section, with a slope of 5°–10° on
windward slope and up to 30°–40° on the leeward slope. The sand dunes, unless
stabilized by vegetation, tend to migrate downwind because sand particles are blown
from the windward to the leeward side of the dunes. The developed slops in this process
and the dune crests are normally convex. When a dune reached its equilibrium shape, it
will move forward as a whole conserving its shape. As a rule, high dunes migrate faster
than low ones and broad dunes move faster than narrow bodies. Lettau (1969) calculated
a barchan 3 m high transported 20.550 m  of sand per year over a line at right angle to
the wind.

3
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The sand dunes vary in shape according to the factors of depositional environments.
They reflect the wind condition, strength and direction, sand supply, vegetation, physical
barriers and distance from the sand source. The basic sand dune types existing in deserts
are longitudinal, barchan, parabolic and transverse. The shape and related information
of main common dune types can be explained in the following paragraphs;

1. 1.

Longitudinal Dunes

 

They form large, narrow parallel ridges of sand whose equal side slope indicate wind
directions parallel to their long axes. This pattern is a result of very strong winds, small
supply of sand and some variation in the prevailing wind direction. They show, on
satellite images (Fig. 15.16), a remarkable straightness in the direction of the prevailing
wind, only crests developing some sinuosity. The longitudinal dunes are locally called
“Seif”, meaning “Sword” in Arabic, as they appear looking like. This dune type is dense
along the southern flank of Qattara Depression, El Khanka and east Bitter lakes. The
most eastern one in Qattara is named Hathathiat dune belt which seems to be the source
of sand that formed the longitudinal dune at Wadi El Rayan and that which is
accumulated in the western low plain west El Fashn-Asyut region.

Fig. 15.16

Landsat-ETM 7, 2014 imageS mosaic showing longitudinal dunes, Western
Elmenya, and Southern Fayoum Depression, Egypt. Longitudinal dunes are
large, narrow parallel ridges of sand whose equal side slope indicate wind
directions parallel to their long axes

1. 2.

Barchan dunes

 

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig16_HTML.png
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The Barchan dunes develop crescent-shaped outline with horns pointing downwind
(Fig. 15.17). The crest line is toward the inside of crescent, indicating that the
predominant wind directions from the outside face. These dunes develop in areas of
strong wind, limited sand supply, constant winds from one major direction and flat
topography. These conditions are present at El-Menya barchan arms, elongating in one
direction than the other. Such difference may be to an asymmetry in wind pattern, sand
supply or slope in desert surfaces.

Fig. 15.17

Aerial photograph (Left) and a terrestrial one (Right) showing barchan
dunes field, western Elmenya, Egypt. Horns pointing downwind

1. 3.

Transverse dunes

 

Abundant barchan dunes may merge into barchanoid ridges, which then grade into
linear (or slightly sinuous) transverse dunes, however the crest is oriented across, the
wind direction, with the wind blowing perpendicular to the ridge crest.

1. 4.

Beach dunes

 

They occur along coastal areas. Their very hummocky form is the result of a sufficient
supply of sand, variations in wind direction and a wide variety of wind velocities. Further
inland, beach dunes may be stabilized by vegetation. Mostly this dune type contains
ground water floating over the salty water of the sea. In Egypt, beach dunes are highly
dense along the coasts of Sinai and Nile Delta, especially between Roseta and Port Said.
They also cover separate areas along the coasts of western desert, especially in areas
where beaches are not of cliff type.

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig17_HTML.png
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1. F.

Dune forms influenced by topography

 

Cooke and Warren (1973) describe echo-dunes developed at the foot of escarpment with
fairly steep slopes presented toward the wind as being due to the effect of long trolled
vertices, comparable to the gap between a sand fence and the accumulation sand behind
it. Increased wind speed due to the topography of large escarpments results in the
interruption of migrating dune fields crossing them. Dunes disintegrate a short distance
before the rim, and the sand transported in streams over the rocky surface is again
collected in dunes of the same type at one or even several kilometer’s distance from the
foot of escarpment. This pattern is well developed along the escarpment bordering El
Fayoum Depression and east of Bitter Lakes.

1. G.

Dune forms influenced by vegetation

 

Distinctive sand accumulation forms develop where sand comes into contact with
vegetation, such as that in contact with western desert boundary of cultivated land
between El Fashn and Asyut. Vegetation lowers the wind speed and thereby induces and
accumulation.

1. H.

Relation between trends of the cultivated lands sand dunes

 

The careful study of space imageries and wind patterns in Egypt resulted in pointing the
relation at Fig. 15.18 between location trends of cultivated lands and Aeolian activities;

1. 1.

It is clear that the major accumulations of sand and sand dunes in Egypt are those
of the Great Sand Sea and Abu Mahrik Dune Belts. These dunes are extended
away from the Nile Valley and move southwards, nearly in parallel direction to the
valley. These belts may be considered as reservoirs for sand which may be
transported to the east by suspension or saltation and deposited over the
cultivated lands of the valley, by true and accretions depositions. However, they do
not form sand dunes at the border of the cultivated lands in the valley between
Asyut and Aswan due to the absence of low plains that extend between cultivated
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lands and the stony highlands. In addition to the west-east and the south south-
west winds do not prevail throughout the year, and also due to the great distance
between belts and the cultivated lands.

 
2. 2.

Segments of the Nile Valley that are most effected by Aeolian activities have trends
oblique to the direction of the prevailing wind. There are plains between the
cultivated lands and the high rocky lands, and near to sand sources, such as the
segments between Manfalut and Samalut (North-South trend), Samalut and El
Wasta (North-East trend). These segments are oblique to the southeast trending
wind direction. Also, El-kharga and Dakhla oases are highly affected by aeolian
sand that moves from north to south over bordering highland.

Segments that are parallel to the prevailing wind directions are not affected
greatly aeolian activity, as those located between Manfalut and Naga Hammadi.
Cairo–El-Wasta, the cultivated lands west the Great Bitter Lakes and Aramant-
Idfu segment. Aswan-Idfu segment of north-south trend is parallel to the southern
trending winds in upper, and thus most of sand transported by suspension is
deposited over the lands as true sedimentations without forming dunes. However,
there is a small low relief dune located in rocky depression in the western desert
oriented towards the High Dam but is halted at the foot scarp of east-west
trending high land.

 
3. 3.

The cultivated lands at the western limit of the delta cultivated lands are parallel
to prevailing wind direction of sand drift. However, wind directions in this sector
change during the four seasons of the year. The east-west trending winds
transport sands to accumulate in small areas of sand sheets into the small sizes.
Low relief areas located at the border of the cultivated lands. Northward, the
newly cultivated lands that extend toward the west in the sandy depressions are
more affected by aeolian sand drift directions, -especially that blown up from the
north.

 
4. 4.

Cultivated lands limiting the delta from the east are slightly affected by aeolian
activity. El Khanka dunes that are formed east of Cairo move slightly towards east
west and east and partly towards the north.

 
5. 5.
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The cultivated land between Cairo and Ismailia (east-west trend) are affected
slightly by dunes that were formed at their southern part due to the effect of the
southerly and westerly winds.

 

Fig. 15.18

Map of Egypt showing the cultivated land segments, directions of wind and
trends and distribution of sand dunes

15.3.2 Assessment and Mapping Environmental Sensitivity
to Desertification (DISMED)

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig18_HTML.png
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15.3.2.1 Soil Quality Index (SQI)

The geologic map (CONCO 1989) was used to deduce the nature of parent material,
which is demonstrated in Figs. 15.19 and 15.20. Table 15.13 demonstrates the areas of
various parent materials classes, as deduced, from the geologic map, using ArcGIS
system. It is found thar the area exhibited by sois, originated by soft to friable parent
material, represent 48% of the Egyptian territory is originated from Such soils include
friable sand, calcareous clay and colluviums materials. The resistive coherent parent
materials are limited in the Red Sea Mountains and Southern Sinai, representing only
18.01%.

Fig. 15.19

Nature of parent material in the Egyptian Territory

Fig. 15.20

Re-categorization of parent material natures in the Egyptian Territory

Table 15.13

Nature of parent material classes of Egyptian territory and assigned scores

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig19_HTML.png
https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig20_HTML.png
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Class Score Area (km ) %

Coherent 1 179,616.39 18.01

Moderately coherent 1.5 338,890.46 33.97

Soft to friable 2 479,009.13 48.02

Total – 997,515.98 100

The soil depth (Fig. 15.21) was also evaluated on basis of both geologic map and soil map
of Egypt (ASRT 1982). Table 15.14 shows that the soils characterized by a very shallow
soil depth represent 24.44%. Areas characterized by deep and very deep soils do not
exceed 30% of the whole Egyptian territory, located mainly in the Nile Valley and Delta
and areas of sandy plains.

Fig. 15.21

Categories of soil depth as contributing in soil quality index

Table 15.14

Distribution of soil depth classes and assigned scores in the Egyptian territory

2

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig21_HTML.png
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Class Score Area (km ) %

Very shallow 1.00 441,126.17 44.22

Shallow 1.33 265,446.21 26.61

Deep 1.66 47,103.87 4.72

Very deep 2.00 243,839.73 24.44

Total – 997,515.98 100

The soil texture was assessed on basis of the geomorphology, deduced from the ETM+
Landsat-7 satellite mosaic. Table 15.15 and Fig. 15.22 show that the most sensitive coarse
textured soils amount 81.5% of whole territory. The alluvial the Nile Valley is exhibited
by average textured soils, covering 8.25% of all soils. The colluviums (16.7%), brought by
the alluvial fans and ravines, at the desert fringes, are exhibited by very light to average
textured soils. The wadi soils are characterized by fine to average textured soils, covering
1.7% of all soils.

Table 15.15

Distribution of soil texture classes and assigned scores in Egyptian territory

Class Description Score Area (km ) %

Very light to average Loamy, sandy, sandy-loam, balanced 1.00 167,425.65 16.78

Fine to average Loamy clay, clayey-sand, sandy clay 1.33 16,994.83 1.70

Average Clay, Clay-Loam 1.66 82,299.74 8.25

Coarse Sandy to very sandy 2.00 730,795.76 73.26

Total  – 997,515.98 100

2

2
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Fig. 15.22

Categories of soil texture as contributing in soil quality index

The slope gradient (Fig. 15.23 and Table 15.16) was classified, on basis of topographic
maps and Digital Elevation Model (DEM).

Fig. 15.23

Categories of slope gradient as contributing in soil quality index

Table 15.16

Distribution of slope classes and assigned scores in Egyptian territory

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig22_HTML.png
https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig23_HTML.png
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Class Score Area (km ) %

Gentle 1.00 57,134.61 5.73

Not very gentle 1.33 217,333.01 21.79

Abrupt 1.66 276,935.89 27.76

Very abrupt 2.00 446,043.05 44.72

Total – 997,515.98 100

Calculating the soil quality index (Table 15.17 and Fig. 15.24) show that 64.84% of
Egyptian soils are characterized by very low soil quality. On the other hand, an area of
21% of the Nile Valley soils are characterized by moderate quality due to its capability to
sustain soil structure.

Table 15.17

Areas of different categories of Soil Quality Index (SQI) classes

Class Score Area (km ) %

Very low quality  >1.6 646,757.90 64.84

low quality 1.4–1.6 131,656.25 13.20

Moderate quality 1.2–1.4 219,032.41 21.96

Total – 997,515.98 100

2

2
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Fig. 15.24

Soil Quality Index map (SQI)

15.3.2.2 Vegetation Quality Index (VQI)

Hybrid classification of ETM+ Landsat-7 images resulted in identifying of four vegetation
classes. Each classes was given a score evaluating vegetation cover, erosion protection
and drought resistance (Table 15.18 and Figs. 15.25, 15.26 and 15.27).

Table 15.18

Vegetation cover classes and assigned scores for different elements

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig24_HTML.png
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Class
Area

(km )

Drought
resistance

scores

Erosion
protection

scores

Vegetation
cover scores

Cultivated land 45,536.36 1.00 1.00 1.00

Halophytes 13,851.56 1.00 1.33 1.33

Orchards mixed
with crop land

9388.44 1.33 1.66 1.66

Saharan vegetation
<40%

904,024.57 1.66

2 2

Saharan vegetation
>40%

24,645.63 2.00

Total 997,515.98    

Fig. 15.25

Evaluation of drought resistance, as contributing in Vegetation Quality
Index

Fig. 15.26

2

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig25_HTML.png
https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig26_HTML.png
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Evaluation of erosion protection, as contributing in Vegetation Quality
Index

Fig. 15.27

Evaluation of vegetation cover, as contributing in vegetation

Calculating the vegetation quality index, on basis of the previous parameters (Table 15.19
and Fig. 15.28) indicate that the 94.29% of the vegetation cover is very weak and
sensitive to desertification. The good vegetation index class, which may resist
desertification, represents only 3.51% of the vegetation cover.

Table 15.19

Areas of different vegetation quality index classes

Class Score Area (km ) %

Good <1.2 34,974.9 3.51

Average 1.2–1.4 13,851.56 1.39

Week 1.4–1.6 8142.71 0.82

Very week >1.6 940,477.39 94.29

Total – 997,515.98 100

2

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig27_HTML.png


4/24/2020 Qualitative and Quantitative Assessment of Land Degradation and Desertification in Egypt Based on Satellite Remote Sensing: Urbanizat…

https://link.springer.com/chapter/10.1007/978-3-030-39593-3_15 63/79

Fig. 15.28

Vegetation Quality Index (VQI), as contributing in desertification
sensitivity

15.3.2.3 Climate Quality Index (CQI)

The interpolation of rainfall and evaporation data, obtains from metereological stations,
are presented in Figs. 15.29 and 15.30. Applying the GIS calculation and storage
functions made it possible to compute the climatic sensitivity index and stored in a GIS
ready map (Fig. 15.31). The results refers that most rained areas are located in the
northern coastal region without exceeding 200 mm. annually. At less that 50–150 km
southward from marine coast, annual rainfall drops down to almost zero, while average
annual potential evapotranspiration remain high in whole country. The average annual
potential evapo-transpiration is relatively high in the whole country, however increases
southwards. The geographical distribution of climatic quality index values (Table 15.20)
reveals the hyper arid and arid climatic conditions exhibit 89.3% and 10.7 of whole
territory respectively.

Fig. 15.29

Average annual precipitation in Egypt, on basis of meteorological data

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig28_HTML.png
https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig29_HTML.png
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Fig. 15.30

Average annual potential evapotranspiration in Egypt, on basis of
meteorological data

Fig. 15.31

Climatic sensitivity in Egypt, on basis of meteorological data

Table 15.20

Areas of different climatic quality index classes

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig30_HTML.png
https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig31_HTML.png
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Class Area (km ) %

Hyper-arid 890,881.52 89.31

Arid 106,634.45 10.69

Total 997,515.98 100

15.3.2.4 Environmentally Sensitive Areas (ESA’s) to Desertification

As soon as the three previous indices (SQI, VQI and CQI) are obtained, the
environmental sensitivity index to desertification (DSI) may be calculated and
geographically extrapolated, as shown in Fig. 15.32. Thus Environmentally sensitive
areas for desertification (ESA’S) are defined, as presented in Table 15.21. The out pots of
ESA’s distribution shows thar most of the Egyptian territories are very sensitive and
sensitive to desertification; these classes exhibit 74.39 and 20.27% of the whole territory
respectively. The moderately sensitive areas are exhibiting the Nile Valley region, whose
soils are protected by good quality vegetation. The vicinity of aeolian deposits and
common less vegetation at desert oases and the Nile Valley–Desert interference zone
result in their nature as being vulnerable to high desertification sensitivity index.

2
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Fig. 15.32

Environmentally Sensitive Areas (ESA’s) for desertification in Egypt

Table 15.21

Occurrence of Environmentally Sensitive Areas (ESA’s)

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-030-39593-3_15/MediaObjects/469776_1_En_15_Fig32_HTML.png
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Class Score Area (km ) %

Non affected or very low sensitive areas 0.01–1.2 798.01 0.08

Low sensitive areas 1.3–1.4 11,072.43 1.11

Moderately sensitive areas 1.4–1.5 41,396.91 4.15

Sensitive areas 1.5–1.6 202,196.49 20.27

Very sensitive areas 1.7–1.8 742,052.14 74.39

Total – 997,515.98 100

15.4 Conclusions and Recommendations

The assessment of desertification sensitivity provides quantiative indicator serves in
planning protection actins against desertification. The merely quantitative approach
provides a clearer image of the risk state, thus ares of variable combating priorities are
defined. Multi-spectral satlite imaging allows to follow different measurable parameters
related to state of soil, vegetation and climate. Additionally, available thematic maps,
may integrate with space data to obtain valuable information concerning the soil and
vegetation quality.

Following multiple investigation schemes lead to better understanding and granted deal
with the investigated target. Determining the environmental sensitivity, to
desertification, defines the total magnitude of expected desertification impacts linked
with different dominating processes. The provisional FAO/UNEP methodology insinuate
on each process status, rate, inherent risk and hazard.

As Egypt is located at the hyper arid to arid climatic zone, its territories are susceptible,
due to vegetation sacristy, to violence of aeolinan and water erosion. These erosive
external events, in addition to man negative interventions bring a very high-to-high
desertification sensitivity. Fortunately the Nile Valley is moderately sensitive due toits
vegetation cover. The desert oases, wadies and Nile Valley- desert interference area are
facing a very hugh to high risk of desertification. Action measures are necessary for the
sustainable agricultural projects located in the risky areas. A operational monitoring
model is recommended to be developed to follow at field level elements contributing to
desertification sensitivity.

2
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