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Introduction 
Remote sensing is defined as acquisition of information about the 

state of a target by a sensor that is not in direct physical contact with it.

It’s possible to follow the history of aerial photography and remote 
sensing technology development as distinct scientific domains to 
the seventeenth century. One of the first observational astronomers, 
Galileo Galilei pointed a telescope towards distant objects such as 
Venus, Saturn, Neptune, and Jupiter’s moons. Space-borne remote 
sensing of Earth’s surface is becoming more and more popular since 
associated imaging systems are handy tools that provide a variety 
of users and clients with relevant information.1-3 Many countries are 
either developing their own remote sensing systems or are involved 
in international cooperation programs in order to address the needs of 
industry, agriculture, forestry, ice type assessment. 

The technology of satellite remote sensing is considered to 
be based on several different fields, including signal processing, 
electromagnetic, atmospheric physics, optics, radiometric, data 
science, optimization theory, and high-performance computing. 
Remote sensing is being employed extensively in a variety of fields 
these days, including health research. More and more health studies 

have employed it for risk mapping, surveillance, and monitoring, 
especially for vector-borne illnesses.4,5 Geographic information 
systems’ spatial modeling capabilities and ongoing advancements 
in processing power enable facilities that expand the application of 
remote sensing over academic communities to operational disease 
surveillance and management. Spatial data are also important for 
investigations of ecosystems health, air quality, and all the issues 
being addressed by the international science community engaged in 
global change research. Availability of required data is, however, an 
important factor hindering both fundamental and applied research on 
these and other issues. It is generally true that adequate land cover 
maps, as well as other types of thematic data, do not exist for many 
areas of the world.

Remote sensing applications for Ecosystem Assessment evaluate 
the effects of human activity on, leading to the identification and 
quantitative categorization of natural benefits known as “ecosystem 
services”. The value of ecosystem recognition services has been 
measured, with special attention paid to their intricate link with 
ecological and socioeconomic systems and how trade-offs in this 
relationship currently impact human well-being. 
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Abstract

Remote sensing is defined as the process leading to acquisition of information about the 
state of a target by a sensor that is not in physical contact with it. The remote sensing 
facilities found its valued additions with realizing the importance of aerial photography 
in earth surface mapping. Flying platforms, as Balloons, pigeons and kites, were the base 
granted a patent the idea of using aerial photographs in mapping and surveying. Aerial 
photography has practical applications in different fields, as geologic branches, Archeology, 
Disaster Assessment, Monitoring the Environmental aspects. Remote sensing data, from 
lighter-than-air balloons to aircraft platforms and satellite imagery reconnaissance, proved 
to serve war monitoring activities and environment. They played an effective role in 
military operations, providing information concerning enemy missiles, troop deployments 
and military positioning using photographic images and finally satellite remote sensing 
imagery. Moreover, academic researchers use such advanced technology for examining 
war impacts. 

Remotely sensed ground truth extracted information is obtained either via visual 
interpretation or digital image processing of aerial photographs and satellite images, based 
on image nature. Visual analysis of remote sensing imagery involves the identification of 
various targets in an image, and those targets may be environmental or artificial features 
which consist of points, lines, or areas. Targets may be defined in terms of the way they 
reflect or emit radiation. Concerning digital image processing, image analysis software is 
used to enhance, identify or quantify features in an image by breaking down or applying 
digital image filters. Remote sensing is an advantageous tool characterized by a multi-
concept approach. This approach provides users with multi-scale, thematic, and temporal 
mapping, facilitating change detection tasks.

The current chapter highlights some Egyptian case studies and cites other published 
applications. It can be confirmed that remote sensing may be considered as an urgent need 
to understand the specialized capabilities of an ever-expanding array of image sources and 
analysis techniques for natural resource managers. In this review, various applications of 
remote sensing and GIS tools are demonstrated can be used for natural resource management 
(agriculture, water, forest, soil, natural hazards).

Keywords: remote sensing, visual interpretation, digital analysis, multi concept, spatial 
analyses, spectral signature, change detection
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Atmospheric research, ecology, urban studies, geology, farming, 
forest cover monitoring, decreasing natural calamities, and 
economics. While several approaches have been developed as a result 
of remote sensing, the object of interest interacts with a signal from 
the electromagnetic radiation source, and the instrument measures the 
reflected and transmitted signals as a result. This makes it possible to 
develop a single fundamental measuring technique.

It is necessary to highlight the differences between passive and 
active remote sensing techniques. The passive remote sensing refers 
to the employment of the natural resources such as the Sun in detecting 
earth targets. In active remote sensing, the sensing device emits and 
receives radiation. Most electromagnetic spectrum systems that 
function in the visible and infrared regions are passive. Approaches to 
passive and active remote sensing are shown in Figure 1 shows passive 
and active remote sensing approaches. In the first scheme, a sensor 
measures the reflected sunlight. The solar radiation traveling through 
the atmosphere interacts with it and with the surface. Consequently, 
the radiation is captured by the sensor (Figure 1).

Figure 1 Active and Passive Sensors.

Source: university of Alaska fairbanks (2023). active and passive sensors in GIS 
essentials

It can be highlighted that Remote sensing from lighter than air 
balloons to aircraft platforms and satellite imagery reconnaissance has 
played an effective role in military operations, providing information 
concerning enemy missiles, troop deployments and military position
ing using photographic images and finally satellite remote sensing 
imagery. Moreover, academic researchers use such advanced 
technology for examine war impacts. Remote sensing information 
extraction is obtained either via visual interpretation or digital image 
processing of aerial photographs and satellite images, based on image 
nature. 

Remote sensing satellites lunch history
During the exciting scientific and exploratory era of atomic 

taming and lunar exploration, the United States developed the 
Landsat program.6 For the first time, Earth’s surface photography was 
enabled in Apollo Moon-bound early test missions. Since the terrain 
photography experiment was suggested for the final two Mercury 
flights, the Gemini missions, and the Apollo 7 and 9 missions, it has 
been established that this imagery served as the impetus for Landsat.

William Pecora, the director of the U.S. Geological Survey (USGS), 
came up with the concept of a remote sensing satellite program in 
1965 to learn more about our planet’s natural resources.7 According 
to Pecora, the program’s conception in 1966 was primarily prompted 
by the proven use of orbital imagery from Mercury and Gemini for 
studies of Earth’s resources. Although weather satellites had been 
tracking Earth’s atmosphere since 1960 and were generally regarded 

as helpful, it wasn’t until the middle of the 1960s that the value of 
topography data from space was recognized.8 The Bureau of Budget 
and proponents of high-altitude aircraft contended that Landsat 1 was 
the most economically prudent option for Earth remote sensing. At the 
same time, the DOD was concerned about a civilian program.

As reported by John et al.9 NASA started conducting thorough 
studies on Earth remote sensing in 1965 utilizing equipment carried 
on aircraft. Stewart L. Udall, the Interior Secretary, was persuaded 
by the USGS to declare in 1966 that the Department of the Interior 
(DOI) would move forward with its own Earth-observing satellite 
program. This clever political ploy forced NASA to accelerate 
Landsat construction. However, the satellite construction process was 
again hampered by financial limitations and arguments about sensors 
across federal agencies, most notably the Department of Agriculture 
and DOI.

NASA was finally given the go-ahead to begin building a satellite 
in 1970. Amazingly, Landsat 1 was launched in less than two years, 
bringing a new era of remote land sensing from orbit. For additional 
information regarding Landsat’s past, see to Landsat’s Enduring 
Legacy: Pioneering Space-Based Global Land Observations.

Visual analysis of remote sensing imageries 
Remote sensing images contain a wealth of information, which can 

be useful for a wide range of high societal relevance tasks, including 
land cover classification, object counting, or detection. It is widely 
used as an indirect source of information related to land cover/land 
use to crowd estimation, environmental, or urban area monitoring, 
remote sensing images are used. For instance, the United Nations 
(2017) referred that remote sensing data can be used as a source of 
information for six out of 17 sustainable development defined goals.10 
However,11 referred that most of the available methodologies are task-
specific, thus inhibiting generic and easy access to the information 
contained in remote sensing data. Practically, a system, is suggested 
to extract information from remote sensing data. That is accessible 
to every user: questions are used formulated in natural language and 
used to interact with the images. With the system, images can be 
queried to obtain high-level information specific to the image content 
or relational dependencies between objects visible in the images.

The common utilized elements in Visual Interpretation (Figure 2) 
include those targets that may be environmental or artificial features 
and consist of points, lines, or areas. Targets may be defined in terms of 
the way they reflect or emit radiation. This radiation is measured and 
recorded by a sensor, and ultimately is depicted as an image product 
such as an air photo or a satellite image. Recognizing targets is the key 
to interpretation and information extraction. Observing the differences 
between targets and their backgrounds involves comparing different 
targets based on any, or all, of the visual elements of tone, shape, size, 
pattern, texture, shadow, and association. Visual interpretation 
using these elements is often a part of our daily lives, whether.

Tone  refers to the relative brightness or colour of objects in an 
image. Generally, tone is the fundamental element for distinguishing 
between different targets or features. Variations in tone also allow 
elements of shape, texture, and pattern in objects to be distinguished.

Shape refers to the general form, structure, or outline of individual 
objects. It can be a very distinctive clue for interpretation. Straight 
edge shapes typically represent urban or agricultural (field) targets, 
while natural features, such as forest edges, are generally more 
irregular in shape.
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Size of objects in an image is a function of scale. It is important to 
assess the size of a target relative to other objects in a scene, as well as 
the absolute size, to aid in the interpretation of that target. 

Pattern  Typically an orderly repetition of similar tones and 
textures will produce a distinctive and ultimately recognizable pattern. 
Orchards with evenly spaced trees, and urban streets with regularly 
spaced houses are good examples of pattern

Texture refers to the arrangement and frequency of tonal variation 
in particular areas of an image. Rough textures would consist of a 
mottled tone where the grey levels change abruptly in a small area, 
whereas smooth textures would have very little tonal variation. 

Shadow is also helpful in interpretation as it may provide an idea 
of the profile and relative height of a target or targets which may make 
identification easier. However, shadows can also reduce or eliminate 
interpretation in their area of influence.

Association  takes into account the relationship between other 
recognizable objects or features in proximity to the target of interest. 
The identification of features that one would expect to associate with 
other features may provide information to facilitate identification 
(Figure 2).

Figure 2 Common utilized elements in visual interpretation.

Source: natural resources Canada, 2015.

Digital analysis of remote sensing imageries
The main goal of a digital image processing is extracting 

information related to its visual quality in order to make it more 
interpretable by a human analyst or autonomous machine orientation. 
Examples of digital images are those acquired by digital cameras, 
sensors on board satellites or aircrafts, medical equipment, industrial 
quality control ones, etc.

The method of acquiring information about the earth’s surface 
without going in direct contact with it is called remote sensing. 
This process involves the detection and recording of energy that 
is emitted or reflected, followed by the processing, analysis, and 
use of that data. A light or energy source that travels through the 
atmosphere and interacts with the target is one step in the remote 
sensing process. The electromagnetic energy that the target emits 
or scatters is detected and recorded by satellite sensors, which then 
transmit the data electronically to a receiving and processing station 
where it is converted into an image. The image processing process 
involves visual, electrical, or digital interpretation in order to derive 
information about the lit target. Passive sensors are remote sensing 
devices that measure reflected energy. 

Data from multiple sensors are progressively used to gain 
complete understanding of Earth processes. Various image processing 
technologies have been introduced to deal with the challenges to 
extract information from remotely sensed data.12-14 To build a remote 
sensing application, a processing procedure must be developed to 
process the data and, therefore, generate the expected output. Before 
analyzing the images, they have to be geometrically and radio 
metrically corrected. This processing phase, called pre-processing, is 
essential mainly in applications where the images are acquired from 
different sensors and at different times. After this phase, the images 
are enhanced to facilitate the information extraction. Finally, the 
images are segmented and classified to produce a digital theatric map. 

Digital remote sensing images pre-processing
Preparatory tasks are those that must be completed before 

moving on to the primary data analysis. Noteworthy is the fact that 
image processing methods fall into four primary processing stages: 
pretreatment, enhancement, transformation, and classification. 
By reducing undesired sensor distortion or ambient noise, these 
procedures remove anomalies in the sensor data and make radiometric 
corrections.

The initial processing step that deals with removing geometric, 
atmospheric, and radiometric distortions from the raw image data is 
known as image pre-processing. To successfully present the image 
for visual interpretation, enhancement techniques are applied to 
preprocessed data.14 To address the difficulties in extracting information 
from remotely sensed data, a variety of image processing systems 
have been developed.15 The development of a processing procedure 
is necessary to process the data and provide the desired output in 
the construction of a remote sensing application. Additionally, many 
methods include pre-processing picture data for the best computer 
vision results, as well as noise reduction, enhancement, segmentation, 
and local and global feature description.

Geometric corrections

It involves converting the data to real-world coordinates (Geo- 
Referencing) and correcting geometric distortions brought on by 
variations in sensor Earth geometry. Geometric flaws are present 
in image data captured by satellite sensors. The earth, the platform, 
and its scanners’ relative motions are the primary causes of an image 
geometry mistake. Geometric errors can arise to variable degrees 
due to non-idealities in the sensors, the earth’s curvature, and 
uncontrollably changing positions and altitudes of the remote sensing 
platforms. 

Radiometric corrections

Sensors detect reflected electromagnetic energy, but because of 
atmospheric factors and the sun’s azimuth, the energy observed does 
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not match the energy released by the same item. These radiometric 
distortions must therefore be adjusted in order to obtain the true 
irradiance or reflectance. For biomass applications, a radiometric 
correction is essential to producing an error-free thematic map. To this 
end, Simard et al.16 proposed both heteromorphic and holomorphic 
calibration techniques to adjust radiometry for reflectivity-induced 
canopy variations and terrain topography. When taking azimuth slope 
into account, accuracy is low, but performance is greater than the 
cosine generating technique.

Digital remote sensing images processing
“It is rather confirmed that, before analyzing the images, they 

should be geometrically and radio metrically corrected. After this 
phase, the images are enhanced to facilitate information extraction. 
Finally, the images are segmented and classified to produce a digital 
thematic map. “Attention to image pre-processing is required so that 
one can improve image features by eliminating unwanted falsification. 
As has been strictly highlighted, the main objectives of processing a 
digital image are to extract information and enhance the visual quality 
in a systematic model style. Moreover, data from multiple sensors are 
used to gain complete understanding of Earth processes. Confirmed 
that various image processing technologies have been developed to 
deal with the challenges to extract information from remotely sensed 
data.14-16 To build a remote sensing application, a processing procedure 
must be developed to process the data and, therefore, generate the 
expected output. Before analyzing the images, they have to be 
geometrically and radio metrically correct.

Remote sensing multi-concept
Remotely sensed data are often multispectral, sometimes multi-

angular, and in some cases also multi-temporal, for instance when 
time series of satellite data are analyzed to discover changes in surface 
properties or to monitor processes on Earth.17 If the spectral, angular 
and temporal domains are exploited to retrieve information about the 
surface, the data analysis and processing operations become more 
complicated, but one can retrieve more information from the data. 
This is why data integration is useful.

A few examples of multiple data observations are18

i	Color photography

ii	 multispectral remote sensing

iii	 hyper spectral imaging

iv	 multi-temporal image analysis

v	 multi-frequency and dual polarization SAR (synthetic 
aperture radar)

vi	 multi-angular optical observations

vii	 Day–night thermal images.

An example of simulated multi-angular observations with a hyper 
spectral sensor is given in Figure 3, which shows how for a sparse 
vegetation object the observed reflectance spectrum in 201 bands 
changes with the image acquisitions from space under 7 different 
directions (Figure 3). 

Multi-scale analysis

Data analysis involves topography levels of Landsat images, 
cindered as to the usefulness vides the smaller scales, large scale Data 
are collected from multiple altitudes. The use of Landsat images, aerial 
pho-and terrestrial photographs. Also, different enlargement for both 

aerial photographs and involving optical instruments is considered as 
a kind of multi-scale. Herndon et.al.19 referred to the usefulness of the 
multistate approach as opportunity for the extensive overview as well 
as presenting details at the very large scales. 

Figure 3 Spectral reflectance curve of vegetation. Notice major absorption 
and reflectance features are indicated. 

Source: Gad, A. and Khidery, Gh. (2020) towards a development of spectral 
signature database supporting soil and vegetation cover assessment, based on 
Egyptian case studies.

Multi-spectral analysis 

Data are acquired simultaneously in several spectral bands. The 
multispectral imageries provide more information than data collected 
from a single spectral band.20

Multi-temporal analysis 

This means collection of data of the same area is obtained at different 
time. Multi-seasonal data is helpful in recording the phenology or the 
development stages of crops, also the appearance of the objects and 
features under different conditions; dry and wet seasons, etc. A change 
in the surface area or in the shape of a certain desert landform or in 
the borders of the cultivated area can be investigated and taken as an 
indication for the dynamic nature of the desert.

Multi data 

This means collection of data of the same area is obtained 
at different time. Multi-seasonal data is helpful in recording the 
phenology or the development stages of crops, also the appearance 
of the objects and features under different conditions; dry and wet 
seasons. A change in the surface area or in the shape of a certain desert 
land, form or in the borders of the cultivated areas.21

Case studies 

Case study 1-“Physiographic analyses of middle Nile 
valley”.

Physical geography  (also known as  physiography) is 
one of the three main branches of  geography.1-5 Physical 
geography is the branch of  natural science  which deals with 
the processes and patterns in the  natural environment  such as 
the  atmosphere,  hydrosphere,  biosphere, and  geosphere. This focus 
is in contrast with the branch of human geography, which focuses on 
the  built environment, and  technical geography, which focuses on 
using, studying, and creating tools to obtain, analyze, interpret, and 
understand spatial information.4-6 The three branches have significant 
overlap, however.

https://doi.org/10.15406/ahoaj.2025.07.00254


Methods and case studies of remote sensing multi-concept (temporal, spectral resolution and scale) 66
Copyright:

©2025 Abd-Alla.

Citation: Abd-Alla G. Methods and case studies of remote sensing multi-concept (temporal, spectral resolution and scale). Art Human Open Acc J. 
2025;7(2):62‒70. DOI: 10.15406/ahoaj.2025.07.00254

Sub-physiographic unites

Physical geography can be divided into several branches or related 
fields, as follows:

i	 Geomorphology7,8  is concerned with understanding 
the surface of the Earth and the processes by which it is shaped, 
both at the present as well as in the past. 

ii	 Geomorphology as a field has several sub-fields that deal 
with the specific  landforms  of various environments, 
e.g. desert geomorphology and fluvial geomorphology; however, 
these sub-fields are united by the core processes which cause 
them, mainly tectonic or climatic processes. 

Geomorphology seeks to understand  landform  history and 
dynamics, and predict future changes through a combination of 
field observation, physical experiment, and numerical modeling 
(Geomorphometry). Early studies in geomorphology are the 
foundation for pedology, one of two main branches of soil science.

Using remote sensing in the study of physiography

TOWNSHEND22 outlines the use of the visual interpretation in 
the physiographic analysis. Four levels of interpretation could be 
recognized (Figure 4). In the visual interpretation, one has two basic 
types of data, the grey-tone or color variations and the stereoscopic 
model, also ancillary information’s are useful. The primary interpreted 
properties depend on these directly conservable data, though with 
varying importance (Figure 5). The land form, for instance, will depend 
primarily on the stereoscopic model but this will be enhanced by the 
grey-tone or color variations. The knowledge of relationships between 
primary interpreted properties also enhances the precision of their 
interpretation. Two further levels of interpretation could be derived on 
the basis of the first level. Secondary interpreted properties are surface 
properties, which are interpreted by using the primary interpretation 
with ancillary information. Tertiary interpreted properties are sub-
surface characteristics derived both from the primary and secondary 
interpreted properties with ancillary information. Inferences about 
land suitability can also be derived from the three previous levels.

Figure 4 Hierarchical structure of the visual interpretation.23

Figure 5 Relationship between directly observable properties of images and 
primary interpreted properties.23

A simplified comprehensive scheme was suggested23 for mapping 
the different hierarchical levels of physiography. Remote sensing 
documents of different scale, besides other ancillary information and 
field observation are the main sources of data for such a mapping 
mission.

ANTROP 24 referred to the application of visual image interpretation 
in the land scale classification. The multi-scale approach, which is 
used by the image interpretation, builds hierarchical boundaries 
through the gradual differentiation process, photo image units can be 
considered as land units on different levels. The determination of their 
hierarchical level depends mainly upon a chorological association 
within a larger unit.

The multi approach interpretation of the landsat images

The study of the physiographic units was performed upon the aerial 
photographs (for sample areas) and based upon the field survey and 
the reconnaissance soil survey map. The results of this interpretation 
were extrapolated upon the satellite images, on which the delineation 
of the physiographic units was performed. The subdivision of these 
units is based upon the differences in the image characteristics which 
are created by the landscape characteristics, thus permitting the 
delineation of protomorphic units.

Both Landsat images, n°190-40 of July 6, 1981 and n°190-39 of 
August 11, 1981 were used to produce FCC images of bands 4, 5 
and 7 (positives) rendered in yellow, cyan and magenta respectively 
(Figure 6). The images were projected on a scale of 1:200,000. 
Differences in the image characteristics allowed to distinguish three 
levels of physiographic units (i.e. land system, land catena and land 
facet). Based upon the field observation and laboratory analysis 
and upon the results of the High Dam soil survey,25 a meaning in 
terms of soil conditions was att Gad, A. and Khidery, Gh. (2020). 
Towards a development of Spectral Signature database supporting 
soil and vegetation cover assessment, based on Egyptian case 
studies, Chapter 33 in “Advances in Scientific Research: Engineering 
and Architecture”, pp. 625-647, Editors: Ilia CHRISTOV, Viliyan 
KRYSTEV, Recep EFE and Abd Alla GAD, ISBN 978-954-07-5047-
7, ST. KLIMENT OHRIDSKI UNIVERSITY PRESS SOFIA • 2020. 
ributed to the mapped units. The detailed characterization of these 
units was performed upon aerial photographs, so that the result of this 
interpretation could be extrapolated for the whole units.
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Figure 6 Color composite of MSS Bands 4, 5 and 7, renders respectively in 
yellow, cyan and magenta.

Source: Gad, A, (1988), Ph. D. thesis Study of desertification and soil conditions 
in the transition zones between the desert and the Nile valley, using remote 
sensing (lower Nile valley).

 Case study 2-“Sustainable development of El Fayoum and Wadi 
El Natrun desert depressions, Egypt with the aid of remote 
sensing and GIS”.

Sustainable development is defined, as the development that 
meets the needs of the present without compromising the ability of 
future generations to meet their own needs. The FAO,26 refers that 
sustainable development is ‘the management and conservation of 
natural resource base and orientation, in such a manner as to ensure 
the attainment and continued satisfaction of human needs for present 
and future generations’. Sustainable development would conserve 
land, water, plant and animal resources. Remote sensing, integrated 
with GIS, plays a major role in providing the information on land use/
land cover, DEM, Soil types, infrastructures, NDVI and detection of 
the changes through years, to maintain and achieve the concepts of 
sustainable development.27 

The study aimed to investigate the environmental and 
anthropogenic characteristics of the two depressions, and to monitor 
the changes occurred in land use/cover during the period 2003-2011. 
It was objected also o assess socio-economic and environmental 
factors affecting the depressions and their extensions.

Environmental setting of study areas 

El Fayoum depression

The Fayoum depression is located southwest of Cairo, at a 
distance to the Fayoum town of 90 Km (Figure. 7-A). It is connected 
to the Nile Valley by the Hawara canal, through which Bahr Yousef 
is transporting the Nile water. The total area of El Fayoum depression 
is 2025.5 km2. The depression area is distinguished by its temperate 
climate along the year, in addition to its long history extending back 
millions of years. The total rainfalls does not exceed 7.2 mm/year and 
the mean minimum and maximum annual temperatures are 14.5 and 
31.0 C° respectively. According to the aridity index 28 the depression 
is located under arid climatic condition class. El Fayoum depression is 
excavated in the Middle Eocene rocks, which form the oldest exposed 
beds in the area and are composed essentially of gyps-ferrous shale, 
white marls, limestone, and sand.29 

Figure 7 Location map of the El Fayoum depression (A) and Wadi El Natrun 
(B)

Source: spatial analysis for sustainable development of El Fayoum and Wadi el 
Natrun desert depressions, Egypt with the aid of Remote Sensing and GIS.26

The cultivable land in the depression amounts to 1350.7 km2, 
classified into five grades according to their production capability. 
The first and second capability classes do not exceed 20.2% of the 
total cultivated land, whereas about 70.2 % are accommodating the 
third and fourth classes.30 According to the Egyptian Meteorological 
Authority30 and Key to Soil Taxonomy,31 the soil temperature regime 
of the depression could be defined as thermic and soil moisture regime 
as Torric. The depression has a particular nature, contrasting, in its 
geographical, topographical and environment features, with both the 
Nile Delta and the desert oases.

Wadi El Natrun

Wadi El Natrun, is a narrow depression located in the west of 
the Nile Delta, approximately 110 km northwest of Cairo between 
longitudes, 30º 02´ and 30º 40´ E and latitudes, 30º 10´ and 30º 40´ 
N (Figure 7-b). The total area of Wadi El Natrun depression is about 
2960.5 Km2, extending in a NW-SE direction and 23 m below sea 
level. Underground water in Wadi El-Natroun is originated from Nile 
stream seepage.32 

The depression is considered as an extremely arid region where the 
mean annual rainfall, evaporation and temperature are 41.4 mm, 114.3 
mm and 21ºC respectively. Inland saline lakes and salt crusts occupy 
the area surrounded by contour zero. The geology of Wadi El Natrun 
indicates that it is covered by Quaternary lake deposits and alluvial 
deposits of sand and gravel laid when the sea encroached the area and 
the Nile flowed through it.16,17

A number of small shallow lakes extend along the deepest parts, 
where the high evaporation rate and the closed lakes basins without 
outlet, the water in the lakes has a high salt concentration in addition 
to susceptibility to level and salinity fluctuations.33 

Satellite images analyses 

Landsat satellite images dated 2003 and 2011 were us to figure 
out the changes in land use/land cover. It should highlighted that 
The Destripe module of ENVI system was applied on the image 
of 2011, in order to be compatible with the one of 2003. ENVI 4.8 
image processing system was used for the image pre-processing (i.e. 
Images geometric correction to the UTM grid system and radiometric 
correction for removing atmospheric noises and additives). The 
images were cropped to the study areas to be ready for any further 
analysis. Integration of image processing and Geographic Information 
System (ArcGIS version 10) systems lead to overcome AT images. 
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The images were supervised classified using the Maximum 
Likelihood classifier, then a comparison of classified unit areas was 
insinuated to detect related changes in land cover parameters. The 
Normalized Difference of Vegetation Index (NDVI) was estimated, 
from the two images of 2003 and 2011, as the following formula; 
NDVI = (NIR - RED) / (NIR + RED) Where: NIR is the near infrared 
band, RED is the red band.20 Reclassify\fiction of the obtained NDVI 
values (-1 to 1) enabled the defining areas for different vegetation 
densities. Categorization of vegetation density resulted in defining a 
number of four density classes (i.e. sparse, medium, dense and very 
dense). Negative values are indicative of non-vegetated areas or non-
reflective surfaces, while positive values denote vegetated or reflective 
surfaces.21 Shuttle Radar Topography Mission (SRTM) images were 
used to develop the digital elevation model (DEM) of the study areas.

Desertification is an old phenomenon which means in its broad 
sense a reduction in the biological production. Egypt is 96 % desert 
and only 4 % is inhabited by more than 100 million people, situated 
in the Nile valley and the Delta. The desert on the two sides of the 
Nile valley is threatening this narrow strip of alluvial plain by further 
desert expansion. This study presents a comprehensive approach for 
analyzing the desert region, soils and the encroachment of the desert.

The aerial photo interpretation, with its satisfactory resolution, 
allows to study in detail the desert landforms. These landforms are 
indicating different types of erosional and depositional processes 
having their impact on the fringes of the Nile valley (Figure 7).

The field investigation is necessary to feed the remote sensing 
analysis in order to perform a supervised interpretation. The field 
observation was carried out in three transects, each of them starting 
from the western desert through the Nile valley and ending in the 
eastern desert. A total of 87 observation sites were investigated. 
This investigation resulted in monitoring the differences of the 
landscape and the soil conditions and resulted also in defining some 
desertification processes endangering the Nile valley

i	 Wind erosion in the form of moving sand dunes and the spread 
sand sheets on the western desert fringes. Also the strong 
denudation of the rock formations on both sides of the valley 
gives an indication about the power or the wind erosion.

ii	 Water erosion in the form of accumulation fluvial landforms, e.g. 
braided drainage patterns and tan systems.

Lessons out of the two case study integration and remote sensing 
potentiality 

In Egypt, the problem of desertification has different forms. The 
northern coast, which extends for about 700 he from the east to the 
west, with an average width of about 30 km to the south is mainly 
rangeland. The overgrazing in these areas has caused non favorable 
grasses to develop in the rangeland. The vegetation degradation also 
has its impact on the exposure of the soil to the aggressiveness of the 
wind. In the western desert, the wind is a severe agent for denuding 
the rock land and accumulating the sandy deposits in the forms of 
dunes and sand sheets. These Aeolian deposits are moving according 
to the direction of the wind, with an influence of the topography. The 
occasional thunderstorms are often occurring on the eastern desert 
cliffs. They can bring down, in very short times, huge amounts of 
debris material. This process has caused the sweeping away of many 
villages and cultivations and still endangers the recent expansion 
projects. Irrigation by wells and springs which is practiced in the north 
coast has brought huge amounts of salt on the soil surface, though the 
salt content in this water was less than 2000 ppm. This salinization 

unable the natural vegetation to survive and hence replaced by less 
economic ones.

The integration of the current two case studies prove that 
desert land develop different land forms indicating the progress of 
desertification. In the first case study, the desert fringes are dominated 
by Aoelian land forms referring to desertification progress. These areas 
may represent promising locations, if sustainable efforts were done 
in particular the study area of El Fayoum, Desert depressions land 
form is an example often attain fertile soils, vegetation cover density 
and sufficient population to maintain sustainable development. The 
depressions connected by active river streams (i.e. El Fayoum) may 
support integrated sustainable development. The establishment of 
basic infrastructure in the Wadi El Natrun depression area encourages 
the expansion of sustainability to areas located in open deserts. The 
critical status of sustainability issues should be considered in order 
to maintain sustainable development. Remote sensing and GIS 
proved to be satisfactory tools to collect information for assessing the 
potentiality for sustainable development items and hazards. Studying 
the desert and desertification problems cannot be carried out by the 
conventional survey method due to the extensive area and the harsh 
conditions. Conventional survey would consume very long time while 
the nature of desertification problem is dynamic. Thus, before a study 
result is reached the same problem is occurring in another place.

 The remote sensing technique is the reasonable solution for 
monitoring and dealing with desertification. The satellite images can 
assist in the study of desert morphologies. The desert environment is 
particularly suitable for orbital surveys because of the usually clear 
weather. The land surface display different color tones which can be 
recorded on film to aid in photo-interpretation. However, in order to 
satisfy the need for detailed studies it is necessary to obtain: Multi-
concept: meaning the use of documents of different nature, by which 
different levels of information are obtained from each document.

The spectral signature of objects stresses on the importance of 
using a multi-spectral concept. To follow the dynamic nature of the 
desert and desertification the multi-temporal concept, by using images 
of different times, must be used. Stereo-photographs are important 
to allow the study of landscape and to produce accurate topographic 
maps. High resolution photographs to allow the study of individual, 
small dunes and sand movements.

In the future, these requirements will be met even better by the 
presently planned use of the large format camera on the space shuttle. 
The shuttle provides the unique capability of carrying different 
cameras into earth orbit, and returning them with the exposed film. 
The remote sensing interpretation without field survey is meaningless. 
In order to have reliable results, a point sampling scheme must be 
planned, adapted to the nature of the study. Soil samples must be 
collected and analyzed in the laboratory to understand the nature of 
sedimentation processes. Results from these point sampling can be 
extrapolated to areas which were not visited.

The study of the climate is very important for understanding the 
magnitude and nature of the problem. However, the meteorological 
synoptically stations are very scarce in the desert area because of the 
economic factor and the harsh nature of the deserts. The collection of 
the meteorological data can be done by installing automated stations 
in remote locations. These stations are able to monitor the wind 
speed and direction, temperature, humidity, rainfall and barometric 
pressure. They also include dust particle counters to monitor sand 
and dust storms and give early warnings of their development. Data 
from these meteorological stations can be transmitted by radio to the 
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earth orbiting satellite which will have receiving capabilities. These 
satellites can then send the data to the earth receiving stations for 
analysis.

The human factor is a considerable factor in both accelerating 
and initiating the problem of desertification. The human activity, e.g. 
vegetation degradation, brick making, irrigation, etc. causes many 
changes in the landscape which will have an impact on the rate of 
desert expansion. This factor must be studied more deeply to un
derstand the entire problem of desertification.

The study revealed three of the important desertification processes 
occurring in the study area: wind erosion, water erosion and 
salinization. The wind erosion works on the rock formation in the 
western desert and builds different types of sand dunes moving very 
near to the western borders of the valley. Some areas in the Nile plain 
have been covered by sand sheets and sand dunes. The water erosion, 
during occasional thunderstorms, is working upon the eastern desert 
cliffs and caused debris material to accumulate in the eastern fringes 
of the Nile valley. The Nile valley is also exposed to a high risk of 
salinization which draw the attention for the importance of good 
management of proper irrigation and drainage techniques. 

A good management of controlling wind erosion, controlling the 
excess of water during thunderstorms, super-vising the irrigation and 
drainage techniques is essential. The stop of scrapping the soil surface 
must be strictly followed. If nothing will be done, then some parts 
of the Nile valley will be the victim of desertification processes. The 
most endangered spot by moving sands are the western fringes of the 
Nile valley, south of the Fayoum depression. 

General conclusion
The current chapter introduces remote sensing and its historical 

progress since platform was lighter than air balloons to being aircraft 
and space satellites platforms. Remote sensing using satellite spectral 
data enables efficient monitoring of geographic aspects and related 
environmental, climatological and earth parameters. The Egyptian 
territories, as located in the arid zone, it is mostly very sensitive area 
to desertification. However, as various environmental conditions 
may control the desertification sensitivity, some areas with perennial 
cultivation and orchards may be exposed to relatively moderately or 
less sensitivity. The cited and demonstrated case studies revealed the 
efficient capability of remote sensing using satellite spectral data in 
monitoring sensitive areas to desertification. However, as various 
environmental conditions may control the desertification sensitivity, 
some areas may save by exhibited perennial cultivation and orchards, 
thus kept exposed to only relatively moderately or less sensitivity. 
Assessment of segments landscape and desertification sensitivity 
is rather important to plane combating actions and to improve the 
employment of natural resources. The merely quantitative aspect of 
desertification sensitivity demonstrates a clearer image of the risk 
state, thus, reliable priority actions can be planned. Remote sensing, 
in addition to thematic maps, may supply valuable information 
concerning the soil and vegetation quality. However, field validation is 
rather important for reliable information. The Geographic Information 
System (GIS) is a valuable tool to store, retrieve and manipulate the 
huge amount of data needed to compute and map different quality 
indices to desertification.
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