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Introduction

The world has become today a small village thanks to technological advances and the revolution
in information and communication. Environmental, economic, political, cultural and technological
systems all over the world have became inter-connected and inter-dependent. The Researcher is no
longer only a citizen of his community, but he has become a citizen of the international community
living in an era of rapid change which requires skills to survive in the world of information. The
spectacular development and the amazing results achieved in space science and its applications
through conducted research and studies have several effects on various aspects of life. Now, it is
necessary to move seriously toward skills development which requires us to concert efforts on the
local, regional and international level in order to cover the needs and requirements of the countries
of North Africa and other Arab countries in line with their scientific, economic and cultural
potential. Since the efforts of these countries could lead to an effective contribution of the region in
this field, the focus is put on the progression of this science and mainly starting on a conscious and
creative new generation armed with high culture and free scientific thinking. It requires us to unite
efforts between the specialized national scientific institutions and regional and international
organizations, unions and centers to reach this goal.

In this regard, the Regional Center for Remote Sensing of North Africa states, and the
Federation of Arab Scientific Research Councils both give utmost importance to basic, applied and
technological scientific research. They count on the people working in this field especially
experimented researchers, university trainers and young researchers as well as researchers in the
production sector and specialized technical structures, both in public and private institutions, to
raise the challenges of the future and to establish the foundations of a modern economy based on
knowledge, superior performance and the ability to compete.

We hope that the contribution of these two institutions in publishing this scientific journal would
contribute, even with a small part, in enhancing scientific research in these countries and providing
atool for researchers.

With the first publishing of this periodical, all my thanking thoughts go to the professors: the
chairman and the members of its scientific committee and those who had contributed in the
elaboration of this piece of work such as research workers and specialists for the efforts they have
done to complete this work and to achieve it as required and in time.

All our prayers go to Allah Almighty without whom nothing could be done.

Dr. El Hadi Gashut
Chief Editor

www.crtean.org.tn
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Use of Low Cost Flatbed Scanners in Orthophoto Mapping
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Abstract. The Khartoum Orthophoto Project (KOP) consists of creating digital orthophoto maps
from black and white aerial photography contact prints flown in 1996 at a scale of 1:20,000. The
main goal is to describe an economic method for orthophoto mapping at medium scales . The
results obtained showed that low cost flatbed scanner orthophoto mapping could be a useful tool in
large scale resource surveys (1:1000 to 1:5000) . For rapidly expanding cities in developing
countries with limited resources allotted for mapping this is an important finding . Use could
therefore be made of old and new aerial photos to support infrastructure mapping at large scales
with sub-meter planimetric and a few meters height accuracy values.

Keywords: Aerial photos; Orthophoto; flatbed scanner; Scancorrect; geometric error
correction.
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1. Introduction

A quick glance at urban activities in any city ,
reveals the fact that maps are essential tools for
almost every stage from planning to service
delivery.  From an engineering user
perspective, the larger the scale of the map (and
hence its accuracy) , the greater will be the
value of the map for a certain job. Yet, the
mapping business for large scale urban
applications ( e.g. 1:1,000 and 1:500) is not
easy without aerial photography ( Petrie 2002).
Orthophotos are aerial photographs that have
been processed to remove distortions caused by
tilt of the aircraft and variations in terrain
elevations ; and are used in a wide variety of
geographic information contexts ranging from
land use and resource survey and analysis to tax
assessment and infrastructure management.
Customarily, the goal of ortho imagery is to
serve as a base layer for national spatial data
infrastructure (NSDI). The process is nothing

2. Area of the Study

The study area of this project is The Khartoum
State , the capital state of Sudan . It is situated
at latitude 15° 12' 00" N to 15° 51' 00" N, and
from longitude 32° 18' 00"E to 32° 46" 00"E.

A court Specialized regional scientific journal issued by CRTEAN in collaboration with the FASRC
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less than a major step toward today's
widespread adoption of digital technology in
photogrammetry and image-based geographic
surveys. Thereare three main types of waysto
collect data for mapping purposes. These
include filed surveying , aerial photography
and remote sensing. Each of these methods has
its own merits and demerits . An orthoimage |,
a derivative of aerial photography , isgenerally
cheaper to produce compared to line map
production. This paper discusses a pilot
project concerned with the use of low cost
commercial flatbed scanners in orthophoto
production . The geometric fidelity , thematic
content and possible applications of the
produced ortho images are analysed . A
conclusion regarding the use of low cost
scanner in orthophoto production and the
potential applications isthe drawn.

World Reference System refers to row=49 and
path=173 and it is about 400m above mean sea
level (Fig.1).

Fig.1: Location of the study area

—— Landsat coverage

Area of the study limits

The present population of the city (which comprises three towns and environs) is about 5 million
(with an annual growth of 4.04%) which represents 16% of the total urban population of Sudan.
The size of the urban part of Khartoum State isabout4,168.7km?2and it is believed to be increasing
at a rate of 3% annually, (National Statistical Center, Khartoum 2001). The climate of Khartoum
area is poor savanna with two temperature maximums (forced by the onset and offset of Inter-

www.crtean.org.tn
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Tropical Conversion Zone (ITCZ)) in May and October. A short rainy season from June to
September gives about 164mm of rain. August is the wettest month in which the relative humidity
rises to 70 per cent at 6.00 a.m. Most of the rainfall occurs at night and to a lesser degree in the
mornings and afternoons. The precipitation is lost through evapotranspiration due to excessive
heat, percolation and gradient runoff. April has the highest rate of evapotranspiration, (Ali 1988
and Ibrahim 1984).

3. Materials Used in the Experiment

Aerial photography of the present work was acquired by the Sudan Survey Department (SSD) in
1996. The photographs were acquired with a Wild RC-10 film-based camera aerial camera
mounted ina Twin Ottersaircraft owned by the SSD since early 1970's. The camerafocal length is
six inch (150mm) and the film used was of the panchromatic type. Scale of the air photos was
1:20,000. GPS was not used during image capturing; only visual navigation techniques following
terrain features is used to snapshot the photos. The black and white films were processed by the
photogrammetric section of SSD. Two products were generated; diapositives and contact prints.
Only the flowing materials were supplied to the authors:
Seven diapositives;
200 contact print photos;
105 ground control points (GCP); and
Some other information provided by interviewing anumber of SSD personnel.

Most of the ground control points fall in strip AL11( see below) inthe middle of the project area.
The seven diapositive sheets were given as sample only. It was found feasible to assess the quality
of contact prints, when both are scanned. Regarding camera calibration, one of the previous reports
dated 1999 was provided. The flight lines were given notations AL12, AL11 and ALL13. Strip
AL11 coversthe middle area of the project, Toti and part of Bahri. Table 1 shows project flight index
(path, range of photos in each path and total number of photos).

| Table 1: Distribution of aerial photographs per flight line in the project

: Range of photos Total number of
No. Sl N N ’ No.p photos per strip
1 039-052 14
1 AL13 2 086-098 13
3 137-163 27
4 015-032 18
5 067-085 19
2 AL11 6 117-135 19
7 167-191 25
8 213-232 20
9 099-111 13
3 AL12 10 129-136 8
11 187-190 4
12 212-217 6
Total number of photos in the project area 186
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4. Hardware and Software Used in the Test

To produce a digital orthophoto by scanning black and white contact prints using low-cost A3
flatbed scanner, a number of hardware and software tools were employed. These are; MicroTek
ScanMaker 9800XL scanner, Racurs ScanCorrect tool, Pentium4 PC with Windows XP OS, Z/I
Imaging Stereo Softcopy Kit (SSK) (3D Graphics Card, Emitter, Stereo Glasses, Interface Box, 3D
Mouse, Hardware and Software Protection (HASP) Dongle, Image Analyst (1A), ERMapper and
GeoMediaand ArcGIS GIS software.

5. Methodology Used

The technical methodology of generating digital ortho rectified images from film or hardcopy
photos generally involves a series of steps that address conversion of analogue material to digital
form, enhancement of the results, correction of the image and removal of distortions caused by
camera tilt and terrain. In other words, the process intends to transform air photos from three
dimensional (3D) perspective to two dimensional (2D) perspective by means of a sequence of
orientation and correction operations. The procedure followed in this study goes as follows; (i)
preparation of project materials (ii) selection of low cost flatbed scanner system (iii) scanning of
aerial photographs (contact prints) (iv) consideration of geometric errors of the low-cost flatbed
scanner (v) selection of geometric error correction software (vi) design and construction of
mapping schema (vii) 3D feature collection (viii) DTM collection ; and (ix) integration of ortho
imagery and GIS databases.

6. Scanning of the Aerial Photograph Contact Prints

The first step in this task isto scan the photos. This step is the most important in the entire
project. The idea is to capture the radiometric quality of the aerial photo while at the same time
maintaining its geometry. Scanning of the aerial photographs is critical to the final output as well
as to the image processing process. Also, image scanning may have a big cost impact on the project.
The goal in this case is to achieve as much as possible a high image quality using low-cost flatbed
scanners. The quality of scanned data is governed by the geometric and radiometric resolutions
and image contrast. Geometric and radiometric resolutions do not only determine the size of the
memory and mass storage device but also the processing speed and time of subsequent processes.
On the other hand, for a typical photogrammetric task, scanning is normally undertaken with
between 5 and 10 micron pixel size . The selection of pixel size for scanning is, therefore, a
compromise between quality and other costs.

Generally, photogrammetric quality scanners are special devices capable of high image quality
and excellent positional accuracy. Sucha scanner results in geometric accuracy values similar to
traditional analogue and analytical photogrammetric instruments and is usually a prerequisite for
digital photogrammetric applications that have high accuracy requirements. These units usually
scan only film (or sometimes diapositives) because film is superior to paper, both in terms of image
detail and geometry. These units usually have root mean square error (RMSE) positional accuracy
values of around 4 microns or less, and are capable of scanning at a maximum resolution of 5to 10
microns (5 microns is equivalent to approximately 5,000 pixels per inch). However, professional
scanners are very expensive. On the other hand, desktop scanners are general-purpose devices.
They lack image detail and geometric accuracy of photogrammetric quality units, but they are much
less expensive. An important concern is the relationship between size of pixel and nominal scale of
the photograph being scanned, with consideration given to the final scale of the finished orthophoto
required.

www.crtean.org.tn
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Agood rule of thumb is to scan at approximately 240 times (in dpi) the magnification ratio (from
photo scale to the final ortho scale). Thus , for a 5X magnification, a5 X 240=1200 dpi scan or finer
would be appropriate. These ratios may not always be possible but trying to stay as close as possible
to them will help to ensure a high quality product. The final pixel size (in ground units) depends on
several factors, but most importantly the magnification ratio. However, it is generally better to
resample to a coarser pixel than a finer one. Another rule of thumb for creating a quality orthoimage
is to resample the normal size of the scanned pixel by a multiplication factor of 1.2 or greater. In the
present experiment, a factor of 5X magnification is selected to yield an image scale of 1:5,000.
Thus, the recommended scanning resolution is 1200 dpi. One of the principal goals of this study is
to use an inexpensive office scanner in professional photogrammetric works. For this purpose, a
comprehensive study was conducted and several questions were posted to a number of experts in
this field . Some suggestions were received from Racurs Company (Russian).

The Company developed a software called “ScanCorrect” designed for geometric calibration of
desktop scanners. The program allows using inexpensive scanners in precise digital
photogrammetric applications by means of special image calibration procedures. Scanned images
are geometrically corrected when processed by ScanCorrect module to remove distortions and
produce virtually error-free images. The geometric accuracy values of a number of inexpensive
desktop publishing (DTP) scanners have been tested by the company in order to evaluate the
possibility of using such scanners in digital photogrammetric works. The following commercial
scanners were geometrically evaluated; a Mustek Paragon 1200 CX, anAgfaArcus Il,a UMAX
PowerLook Il,a UMAX Power Look 2000 anda UMAX Mirage D16-L. The results of their tests
are summarized as follows:

The nature of geometric errors is the same for all tested scanners;

The maximum geometric error is a unique characteristic of each specific scanner;
Asarule, maximum error ranges from 100 to 400 microns along scanning field; and
The dominant part of an error is of a systematic nature.

According to these findings from experts in the scanning field, few other modern scanners were
considered . Heidelberg Lindoscan 2650, ArtixScan 6000xy, Epson 1640xI and ScanMaker model
9800XL are the scanners included in the investigation. Based on the literature available in the
internet about these scanners, a Microtek brand was selected. The Microtek scanner ScanMaker
model 9800XL large format A3 Scanner was then purchased. The price was about 11,000 Saudi
Riyals (in the year 2006) , that is approximately 3000 US dollars . This scanner offers up to 1600
dpi. Thenin order to utilize the maximum dpi resolution available, the contact prints were scanned
at 1600 dpi which yields approximately 15.75 um pixel size . This scan value ,therefore, resultsin
aground pixel dimension or ground sample distance (GSD) of 31.5cm. For orthophoto output scale
of 1:5,000 a scan resolution of 15.75 um  looks satisfactory. Furthermore, the radiometric
resolution of the scanned images is 8 bits which yields 256 grey levels. To perform the scanning
and subsequent photogrammetric works, a normal PC was configured with some extra attention
given to memory (RAM), mass storage and motherboard in terms of quantity and quality. The
additional hardware and software used with the PC to establish the low-cost photogrammetry
image station are the stereo softcopy Kit (SSK) and the equivalent Z/I photogrammetric suite. The
digitization and geometric correction jobs of the B/W contact prints were carried out based on the
logical workflow shown in Fig. 2.

www.crtean.org.tn
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Fig.2: Workflow of metric characteristics of scanned image
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/ 15. Organizing the photos /
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The scanning starts with measuring the size of the photo on the glass surface of the scanner. Then
on the left corner of the scanner two sharp strips of thick yellow paper were taped at right angle
(Fig.3), the intersection of which was used as measurement reference. The unused part of the
scanner was masked. Within the software, the areawas determined so that only the image area can
be scanned. The scan area size was about 10 x 10.50”. The setup guarantees all image scan starts at
the exact corner. The photos were scanned in order according to strip alignment. The image file was
given the name of the strip plus the designation number of the photo. Scanning of aerial photos
took about 15 working days.
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Fig.3: Scan area limits on the scanner glass plate
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7. Geometric Correction of the Scanned Images

The ScanCorrect, as mentioned in the previous paragraph, is the software used to transform the
scanned image with sub-pixel accuracy according to the calculated scanner errors. The
ScanCorrect module was purchased from Racurs, at a cost of 720 US dollars. The cost includes
three items, the PHOTOMOD ScanCorrect, a Plastic grid and a USB software key. Scanner errors
are calculated using the special gauge grid (Fig.4a). A gauge grid used for scanner calibration is a
stable glass plate containing a high accuracy rectangular grid of crosses. The program looks for
gauge grid crosses automatically (except the first two crosses which should be defined manually).

The program also allows monitoring the automatic cross identification visually and locating
crosses manually. The possibility to take into account the real coordinates of crosses allows
diminishing cross spacing accuracy requirements. The program input/output symmetry allows
checking the efficiency of a specific scanner calibration easily. This can be achieved by scanning a
gauge grid two times slightly shifting it from one scan to another. Then scanner errors can be
calculated based on the first scan and used to correct the one after. The errors calculated from the
corrected scan can be considered as an estimation of calibration efficiency. The scanner's error can
be measured by calculating disturbance field (Fig.4b).

Fig.4: ScanCorrect disturbance field results generated by using calibrated cross-sheet

ICIL] Y N TESITRI Vo LD

a). Portion of the calibrated cross sheet b). Disturbance field results

A disturbance field is a set of data characterizing the metrical errors of the scanner in some
scanned area. It takes into account non-squareness of raster elements.
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Five operations were carried out to correct and improve the geometric characteristics of the
scanned images using ScanCorrect module. These are (i) creation of “disturbance fields” (ii)
editing the disturbance fields (iii) reviewing of statistics on disturbance fields (iv) transforming the
calibrated sheet image , and (v) transforming the scanned images. The first step in the
compensation of scanner systematic error and improvement of image geometric characteristics is
the scanning of the calibrated cross sheet followed by creating the disturbance filed. The latter
starts by locating the origin of the transparent sheet followed by specifying at least three
consecutive crosses ( e.g. crossl, cross2 and cross3). In disturbance field output such as those
shown in Fig.4b, small errors are shown in green, major errors (i.e. positive errors) are shown in
red and negative errors are shown in blue. Statistical data is shown in terms of histograms and
tabulated information (i.e. number of crosses, minimum, maximum of positive and negative errors,
average of absolute errorsand average root mean square error) (Fig. 5a).

Fig.5: Disturbance field statistics and manual editing of cross location
L

i &4 400 F 4 0 dad20Fr 458

T 7 [T

a). Two histograms characterizing b). Manual editing of cross location
scanner's metrical errors (i.e. move curser to center)

After the “disturbance filed” was generated using the calibrated material, three images from the
photographic material were mathematically transformed and the results were reviewed. The best
output was used to generate the “disturbance filed”. Then the matrix produced was improved by
manual editing (Fig. 5b). The final concluded disturbance filed was used with the batch mode
transformation to correct the whole set of the scanned aerial photos. The resultant images were
geometrically corrected using ScanCorrect software so that they are geometrically suitable for
digital photogrammetric work.

The produced images were then radiometrically enhanced using image analyst (IA) software
toimprove contrast/brightnessand overall gray scale rendition.

www.crtean.org.tn
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8. Block Preparation and Approximate Exterior Orientation

Some basic information about the 1996 aerial photography of Khartoum project was
unavailable, i.e. mission planning information, flight strips, photo center (x,y) or camera position
and camera calibration report. Moreover, the absence of some other important data such as GPS
and inertial navigation system (INS) information became an additional burden to the orthophoto
production stage of this project.

The objective of the block preparation and approximate exterior orientation task is to use
available information to establish approximate flight indexand block diagram of the photos . For
exterior orientation , the rough position of the camera station at the instant of exposure was
mandatory in order to load the photos. The reason for creating the flight index diagram was to
understand flight direction and to organize the photos in each strip. To draw the flight index
diagram ( Fig.6) , two kinds of material were used; (i) the contact prints and (ii) the handwritten
sketch of the flightindex.

Fig. 6: The Simulated flight diagram of the aerial photography project
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Steps undertaken next to construct the approximate block are :

0] The entire air photo contact prints were laid out over a long table according to photo
and strip numbers marked on each photo. Then each photo was aligned according to its
position (before, after, left and right neighbor)
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(m Using MicroStation tools, each block of aerial photography was formed in multiple
flightlines,

(m Ground coverage of each model with 60% forward overlap and 25% lateral sidelap is
secured. Then flight parameters were computed as follow:

e flying heightabove meansealevel (H) =3415m;

e average ground level380m;

e altitude =flying height + mean datum;

e altitude above average ground level (h) = (3415-380) =3035m;

e camerafocal lengthis6” 152.20mm;

» scale = focal length / altitude above average ground level = f/(H-h)= 0.1522/ (3415-
380) =0.1522/3035 1/20,000;

» scale =photo distance/ground distance=d/D;

* scale=1/20,000;

e airphotossize=9"x9”=23cmx23cm=0.23mx0.23m;

e grounddistance (along one side of air photo) = 0.23 x 20,000=4600m; and

e air photo size at ground = 4600m x 4600m = 4.6km x 4.6km. Then the model size ((1-

0.60) X 4600) x ((1-0.25) x 4600) = 1840m x 3450m .

To approximately register the block diagrams, four steps were carried out. In the first, locations
of the available ground control points were identified in the corresponding photos. The task was
quite difficult and time-consuming. Since there were no labels or names on the photos, visual
recognition on the screen by zooming in and out and roaming was used to locate the positions of the
GCPs. In the second step, those positions of GCPs were identifiedon a Landsat7 ETM+ and the
imagery was re-registered. In the third step, each photo was approximately registered to Landsat
imagery using image-to-image in the image analyst software. In the last step , approximate X,y
coordinates of photo centers were acquired.

9. Setup of the Photogrammetric Project

A digital photogrammetric project of the test was established using ImageStation
Photogrammetric Manager (ISPM) software. Coordinate systems were setup to the UTM, at
Adindan, Zone 36 North and the units are in meters . The workflow of the setup of the project is
described as in the following sections.

10. Orientation and Aerial Triangulation

The photogrammetric orientation process consists of a number of tasks carried out in order to be
able to measure 3-D coordinates from two-dimensional images. Aerial triangulation is a
photogrammetric process used to determine point coordinates inawhole strip or block of images;
the measurement being confined to ground control points , pass points , natural , man-made , pre-
marked and tie points. Basically the mapping process is carried out through four steps, namely;
interior orientation (IO), relative orientation (RO), absolute orientation (AQO) and epipolar
resampling (ER).These steps alleviate the distortions introduced through nine elements associated
with aerial photography such as; outer orientation elements ( X,Y,Z), relative orientation
parameters (tilts: , ,) and inner orientation parameters (focal length, principal point location and
lens distortion) .
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Interior (or Inner) Orientation: Interior orientation defines the internal geometry of a camera or
sensor as it existed at the time of data capture. The variables associated with image space are
defined during the process of interior orientation. The internal geometry of a camera is defined by
specifying the following variables (principal point, focal length, fiducial marks and lens distortion).
Fig.7a shows the definition of the photo coordinate system based on camera orientations. Nominal
x and y values for the camera could be as such (-, -), (+,%),(-,+) and (+,-). In the present test, the
process starts by measuring the fiducial marks on the digital imagery. Once the fiducials on the first
photo have been measured, all subsequent fiducials on the photo will automatically be measured
using image correlation techniques (automatic functionality in the ImageStation digital
mensuration (ISDM)). Eight fiducial marks were measured oneach photoasillustrated in Fig.7b.

Fig.7: The data chamber, which acts as a point of reference for fiducial coordinates
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Circles along the border in each example
represent the data chamber, which acts as
a point of reference for the fiducial
coordinate system.

a). Definition of photo coordinate system b). Eight Fiducial points were measured.
based on camera orientations

Relative Orientation: Relative orientation (RO) is the process of removing the x and y
parallaxes usingat least 6 points inthe overlap region of the leftand right photos of a stereopair.
The measurement ties each two adjacent photos together. In this test, the point measurement
process is facilitated by the ability to measure in both mono and stereo modes at the same time.
Also, common points can be locked in one photo while being transferred down or across strips.
Automatic point measurement and transfer using image correlation techniques is available in
ISDM. The measurement was carried out following terrain features or man-made objects such as
power poles , corners of buildings , small structures , trees or road intersections. Following the
completion of relative orientation, image footprint views such as the one shown in Fig.8 can
automatically be generated.

Fig. 8 View of image footprint, strip and model setup

a). Photo Report (ISPM) b). Model and Photo setup with 10,
RO and EO in (ISPM)
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Absolute Orientation: After completion of the 10 and RO orientations, the photogrammetric
stereo model must be scaled, translated and leveled with respect to a ground reference coordinate
system. For this datum definition, a correspondence between image points and points on the ground
has to be established . It also compensates several remaining errors eg. residual attitude and
positional errors. In the optimal case, at least three vertical and two horizontal control points are
required . In the present project, GCPs with good description in terms of position in the photos
are thirty two and as pointed out earlier , they fall almost in strip AL11. Therefore, the absolute
orientation was achieved in the area where GCPs are available (Fig.9).

Fig. 9: Example of GCPs location identification based on AO result

b). photos and GCPs report generated
in both left and right photos after the measurement

Epipolar Resampling : After calculating the elements of exterior orientation for each photo ,
either from the aerial triangulation adjustment program or directly from absolute orientation, the
photos will then be resampled into epipolar format. Epipolar format is a re-arrangement of the
pixels in each digital photo of a stereo model in such a way as to remove all the (y) parallaxes . The
resulting images will then be stereo and ready for 3D mapping and DTM collection. This step was
achieved using ImageStation photogrammetric manager (ISPM) software module . Since epipolar
transformation istime-consuming, itwasdone inbatch mode.

Block Adjustment: The orientations of all images of a whole block can be determined together
with the ground coordinates by a bundle block adjustment. The bundle block adjustment is the
transformation of independent models, based on a simultaneous three-dimensional transformation
i.e. iterative horizontal and vertical transformation of the models together to ground control points.
The bundle block adjustment mathematical model is based on the collinearity condition equations
and isimproved by additional parameters for modelling the “systematic image errors”. Of course,
statistical tests should be used to exclude additional parameters which are not significant. For this
study, the block contains 24 (3x8) photos (Fig.10) .

The block was defined by entering an ID and then, by either selecting the photos from a list or
by selecting them from a display of project photo footprints. Using the ISDM's internal aerial
triangulation package (Photo-Triangulation (Photo-T), the resultant AT was quality control
checked.
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Fig. 10: Block adjustment footprint
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a). Block of photographs prepared for bundle | b). Overview of the dataset of the block
adjustment. adjustment footprint

11.DTM Collection

After resampling into epipolar geometry, each stereo model was ready for digitizing and stereo
viewing . MicroStation feature collection (MSFC) provides an efficient map feature digitizing
system. It provides numerous commands to collect, edit and attribute feature data directly into a
design file (dgn). Digital terrain models can be collected interactively with ImageStation DTM
Collection (ISDC) or automatically with ISMT. An iterative digital autocorrelation process was
used to semi-automatically collect a dense digital terrain model (DTM) of the test area, comprising
a combination of 3D digitization, automatic elevation autocorrelation and 3D mass-point editing,
using the ISFC, ISDC and imagestation automatic elevations (ISAE) software. The DTM was
acquired by measuring regular grid points following these steps:

(1) Design of DTM horizontal interval (e.g. horizontal distance between each two successive
points); ( inthisstudy,and from experience gained elsewhere (eg. Hohle, 1996) , this interval was
chosentobe 50m );

2 The DTM of each model was then generated separately ;
3 Manual measurement of each single point inthe DTM in 3D ; and
4) Generation of break lines (Fig.11).

DTM data was collected for 94 models representing areas where GCPs are available (Fig.12).

Fig. 11: Example of measured and skipped DTM points
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Fig. 12: Blue areas represent measured DTM

EHARTOUN - FLICHT DlAZRAW ]
AERIA|, PHOTOS FLOWM TN 1996
. L 4 e ST
& omew e smr i

& st e b &, 4]
W w v o Bamt

12. Topographic Database Model

The topographic database model designed for topographic feature collection in 3D
mode for large scale mapping consists of twelve data groups. Basic data groups are
transportation, administration, boundaries, structures, cartography, utilities, vegetation,
DTM, drainage, topography, land use and ground control points. There were about 140
feature classes defined for the topographic schema. Fig.13 depicts sample of feature
collection designed by the present authors for the study area.
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13. Vector Data Collection in Three Dimensions

The primary goal of vector data collection in 3D is to capture some features e.g. buildings, road
curbs , river boundaries , valley curbs and other landmarks to be used as break lines to support the
ortho-rectification process to produce 1:5,000 line map coverage. Break lines are linear features
that describe a change in the smoothness or continuity of the surface. There are two common forms
of breaklines, namely soft and hard break lines. Soft break lines ensure that known Z values along
linear features are maintained ; while hard break lines define interruptions in surface smoothness.
They are used to define streams, ridges, building footprints and other locations with abrupt surface
changes. MicroStation feature collection with the schema defined in the previous paragraphs was
used to digitize the layers.

The output is a pure computer-aided design (CAD) classified map based on the design file levels.
For instance, elements are not feature-tagged and there was no attribute table linked with them.
Further, cleaning, validation and transformation from 3D to 2D is required to prepare the products
as GIS- ready data to be used by the GIS software. Because of the time limitation imposed on the
authors, not all features were collected. Fig.14 shows part of the test area (Omdurman area) as
collected inthree dimensions.

Fig.14: Part of Omdurman area collected in 3D

14. Ortho-rectification and Mosaics

Production of panchromatic digital orthophotos from the scanned photographs was carried out
according tothe following steps; (i) Orthophotography project planning (ii) Creation of planar
and ortho rectified images (iii) Image dodging (iv) Production of orthophotos (v) Image
mosaicing (vi) Image tone balancing (vii) Extracting images to match map-sheet , and (viii)
Field checkingto assess quality control.

The intent of digital photo-rectification is to correct photographs for the effect of relief
displacement that occurs when the ground object space is imaged onto a two- dimensional aerial
photographs due to elevation differences present in the physical terrain. The position of each
pixel of the rasterimageiscorrected usingaknown ground elevation value for that pixel.
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In planar photo-rectification, an average ground elevation was determined for each block of
images to be used as elevation data input for the digital planar rectification process. In this test the
average elevation was 383 m as computed from ground control points used in the project.
Therefore, each image pixel in a photo block was corrected using the same elevation. In ortho-
photo-rectification, an image within a photo block was ortho-rectified using the elevation data
fromthe DTM file. Then , each pixel of an imagein a photo block was corrected using a unique
elevation as provided by the DTM collected prior to the ortho rectification process. Where there are
no major elevation differences , there will be no apparent visual difference in the corrected
positions of the terrain features between a digital planar-rectified image and an ortho-rectified
image. Thus , the planar-rectified product was produced to envisage the use of the data for
general planning purposes in the whole area (Fig 15).

Fig. 15: Planar-rectified image, GCP and key map-sheet 8x6 km? of the project

Eipzizk

The next step following the rectification task is the dodging process. This process darkens
bright areas and lightens dark areas of aerial images to compensate for the effects of uneven
lighting conditions. True ortho is the orthophoto process that eliminates double-mapping in areas
hidden from the camera perspective center, particularly near structures that are offset from ground
level, such as bridges, highway overpasses and the tops of buildings. Double-mapping causes
some parts of an image toappear inan ortho rectified image twice; in their correct places and in
areas hidden from the camera by obstacles but mapped to the same locations they occupy on the
original photo.

The last step in the production of orthophotography is the image mosaicking and tone
balancing. Image mosaicking is an assemblage of two or more overlapping aerial photographs
that form a composite view of the total area covered by the individual photographs. According to
the project plan, the final ortho-image map needs to equal the map sheet (8x6 km?) according to
standard s used in the national mapping agency (SSD) (Fig 16) . It is to be noted that image
mosaics may have a problem where variations in mosaicked images exist. Tone balancing is a
process which can overcome this problem.
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Fig. 16: Key map-sheet 8x6 km?

=

a). Scanned drawing b). Digital map

The image mosaic and tone balancing were carried out with Earth Resource Mapping (ER
Mapper version 7.0) provided to the present authors by the local representative in Saudi Arabia as
an evaluation version. Each (3x4) images were merged into a seamless topographic image map to
represent or to be equivalent to a single map sheet. Then , tone balancing was performed to produce
a seamless mosaiced ortho-rectified image map . A number of balancing options exist ; eg.
medium base contrast level , balance with no black/white edges , blue haze filter etc . In this
experiment, the latter optionwasused to match colorstothe entire mosaic.

The final step is clipping an image to exact size of map sheet. Then , all mosaiced images
were clipped as shown in Fig.17.

Fig. 17: 8x6 km? Ortho-rectified mosaic images
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15. Accuracy Assessment

To estimate accuracy and quantify errors expected in the final product due to several factors
such as acquisition, processing and conversion, an “Accuracy Assessment” task needs to be
carried out. Worldwide , several methods have been used for accuracy assessment with remotely
sensed data (Aronoff 1985, Congalton and Green 1999, Congalton 1991, Ebner, Fritsch and
Heipke 1991, Hohle 1996 and Hord and Brooner 1976). Basically, concerning quality control of
the final orthophotographic product, two steps are required : Verification of the internal quality
in terms of tone balancing and feature matching at the edges ; and assessment of positional
accuracy . To check for the internal quality, visual image inspection was carried out to see the
overall outlook of the images when they are displayed together. Few mosaic images displayed
dissimilarities.

This situation was remedied manually through brightness and contrast adjustment. After
that, visual inspection showed thatall images were well-matched . Regarding assessment of the
geometric accuracy , the best approach for this is to carry out a field survey using differential
GPS . However, the research time did not allow the present authors to achieve this task. Therefore, a
simple technique was developed to check the quality.

Atotal of six ground control points (two in each town) were carefully selected. The positions of
these points were accurately measured during the triangulation phase in three dimensions. Then the
GCPs were overlaid on top of the ortho-rectified and planar-rectified images (Fig. 18). The
examination showed that the points were precisely laid down in the ortho-rectified images. With
planar-rectified images, however, the positions were slightly shifted (Table 2).

Fig. 18: Comparison Between Ortho-rectified and Planar-rectified

). GCP 248 measured in stereo view
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Table 2: Measurement of Ground Control Points in Ortho-rectified and Planar-rectified
Positional error
No Groun?[gj ontrol Location Ortho- Planar-
rectified rectified

1 | 244 Khartoum 0 0
2 | 248 Khartoum 0 4.2m
3 | 229 Omdurman 0 1.0m
4 | 2012 Omdurman 0 4.1m
5 | 1095 Khartoum North 0 15m
6 | 1098 Khartoum North 0 3.0m
7 | Average of positional error 0 2.28m

16. Conclusion

Earth scientists , researchers and decision-makers in developing countries whose works
involve geospatial data acquisition and analysis have real difficulties in obtaining inexpensive
data. Therefore , thereis clear need todevelop new low- cost methods to generate such data. .
Fortunately, the advent of digital computer hardware and software made this possible. The present
test is a good example. In this test, the present researchers investigated the potential of low-cost
desktop scanners in professional digital photogrammetry work. An inexpensive flatbed scanner
was used to scan panchromatic aerial photographs acquired in 1996 made available to the authors
by the SSD.

Contact prints were scanned at 1600 dpi yielding approximately 15.75 um. This scan value
results in a ground pixel dimension or ground sample distance (GSD) of 31.5cm. For an
orthophoto output scale of 1:5,000 a scan resolution of 15.75 um , therefore , looks satisfactory. On
the other hand , systematic errors of the scanner were successfully compensated for using the
ScanCorrectmodule.

The image triangulation was carried out with the aid of ground control points. The DTM was
then collected for the entire flight-strip AL11. Planar-rectified images were produced for the whole
project area using the mean elevation of the GCPs . True ortho-rectified images were then
produced only in the area covered by GCPs. The mosaicing process was achieved satisfactorily
using the rigorous method provided in the ERmapper. Finally, the quality control (QC) test was
carried out based on visual assessment and GCP location measurement in both planar-rectified and
ortho-rectified images.

The QC results showed excellent geometric accuracy for ortho-rectified images and good
geometric accuracy for planar- rectified images ( an average error of less than 2.5m in ground
terms) . However, the resultsare still inferior in terms of contrast. Thiswill hopefully improve in
the near future with newer scanners now appearing inthe market.
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Abstract:

Satellite remote sensing has become a common tool of investigation, prediction and forecast of
environmental change and scenarios. Remote Sensing and Global Positioning System (GPS) tools
& technology in assisting decision had become a vital option applicable to pipeline transportation
and other industry infrastructure. Pipelines often cover thousands of miles and are located in remote
areas that are difficult and expensive to monitor. Safe pipeline transportation of energy resources is
amajor concern for the public and the pipeline industry. For managing pipeline operational needs a
GIS based multi criteria decision analysis system and process providing improved critical pipeline
data quality by providing the structure for systematic logical evaluation /management of pipeline
threats, incorporate technology and create incentives for technical advancements and their use.
Identify high consequence areas along the route of the pipeline by obtaining the visual and detailed
information about the geographical data. Analysis reveals important considerations to help users
make decisions for future town planning. This GIS database could be expanded to analyses urban
and vegetation coverage, storm water runoff potential threats, the database can also allowed for all
spatial natural features to be accountedbe accounted for in GIS alongside other forms of
infrastructure. The advantage for making decisions based on the overall data from this system could
provide spur economic revitalization, enhanced planning, economic development, and preserve
important sites. Moreover, users appear to save time via GIS design and enhance decision making.
The applicability of the GIS database has far-reaching potential in making effective decisions in
town planning around the pipeline. In this study, GIS is used to provide a compact space where all
sorts of data relevant to Area can be stored in digital format, including images, maps, documents,
photographs. This study discussed potential contributions of RS and GIS to planning discipline, and
proposed a prototype, which would help in better management for the pipeline operation.

Keywords: Pipeline route management, Integration GIS data management and satellite and route
applications
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1. Introduction

Advances in geospatial sensors, data analysis
methods and communication technology
present new opportunities for users to increase
productivity, reduce costs, facilitate innovation
and create virtual collaborative environments
for addressing the challenges of security
improvement and risk reduction (Roper and
Dutta, year ?). Sensor developments include a
new generation of high-resolution commercial
satellites that will provide unique levels of
accuracy in spatial, spectral and temporal
attributes (Roper and Dutta, year ?). Advances
in Information systems, satellites imaging
systems and improved software technologies
have led to opportunities for a new level of
information products from remote sensed data
(Kurnaz et al., 2009). The integration of these
new products into existing response systems
can provide a wide range of analysis tools and
information products that were not possible
before (Roper, year ?). Here the researcher is
trying do give an option tool in long crude
pipeline operation management to help in
decision making and planning for Petrodar
Operating Company export pipeline. Petrodar
Operating Company Ltd (PDOC), is an
operating company to carry out exploration,
development and production of oil for Block
3E, 7E and 3D in Sudan which are located in the
south east of Sudan with a total concession area
of 72,420 sg. km. The company is incorporated
under the laws of the British Virgin Islands and
has a registered branch in Sudan. The
shareholder of PDOC is a consortium of
international Exploration & Production oil
companies (The China National Petroleum
Corporation, PETRONAS, Sudan Petroleum
Company Ltd, China Petrochemical
Corporation (Sinopec Group), and Tri-Ocean
Energy).

1.2 Problem Statement:

Alot of information regarding the route pipeline
is missing, due to the variations of information
along the route. The route pipeline is crossing

A court Specialized regional scientific journal issued by CRTEAN in collaboration with the FASRC
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different areas and different climatic zones,

which created difficulties in controlling the
route. So integration of the information will
provide proper management to the route and its
surroundings. And also support the PDOC'S
pipeline and for its reporting and documents of
operation.

1.3 Objectives:
The specific objectives of this paper are as
following:

1. Integrate Satellite Based Detection

System for Pipeline Monitoring
Develop an organized, logical approach
to computer-assisted processing of
earth resources data for effective
natural resource management.
Develop or Implement? GIS-based
Multi-Criteria Decision Analysis
Implement a system and process for
managing pipeline operational needs.

2.

1.4 Scope:

The scope of this paper is involved in Petrodar
Operating Company export pipeline operation
management support decision tool making to
help in operation philosophy achievements and
for the future optimization through spatial
statistics and hydraulic trends parameters by
identification of key spatially parameters
affecting the Pipeline along its route.

1.5Study area:

The study area covers the route states of
Petrodar operating Co. Pipeline which are the
Upper Nile in South Sudan, and White Nile, El
Gezira, Khartoum, Nile, Red Sea states in
Sudan. The route of the pipeline start at
Longitude (32°28'25.10244"E) & Latitude
(10°27'21.75675"N) through the previous
states to the Bashair Marin Terminal at the Red
Sea Longitude (47°24'35.023" E) & Latitude
(17°08'077.677 "N) Figure (1).
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1.6 Melut Basin Oil Development Project:
The “Melut Basin Qil Development Project”
consists of the following facilities:

A. Upstream Facilities:

* Flowlines

* Gathering Pipelines

* Field Processing Facilities (FPF)

* Centralized Processing Facilities (CPF)

* Power Stations

Power transmission lines

Downstream Facilities

Field Pipeline from Palouge FPF to Al
Jabalayn CPF

Export Pipeline from Al Jabalayn CPF to
Port Sudan Marine Terminal

Pumping Facilities: 6 (six) Pump Stations
for the Initial Phase, plus 5 (five) additional
Pump Stations for the Future Phase
SCADAand Telecommunication System

. Export Marine Terminal, located at Port
Sudan.

m O OW

GOm

This document describes the operations of the six
Pump Stations installed along the 1,370 km of the
32-inches buried pipeline for the transportation,
during the initial phase of 200,000 BOPD Crude Oil,
from Palouge Field Processing Facilities to the
Export Marine Terminal. The pipeline (O.D. 32-
inches - full “future” capacity 500,000 BOPD) must
be noted that the “put in service” of each of the six
Pump Stations has to be coordinated with the
operation of the remaining facilities making part of
the whole “Crude Oil Export System Project”.

1.7 Linkages of GIS to Remote Sensing:
Today maps are not just made using GIS, but the
infrastructure of utilities in the streets of our
towns will be held in a GIS. To use GIS
technology, a huge GIS database on
geographical features is to be created. Creating
such a database is a complex operation which
may involve data capture, verification and
structuring process. Because raw geographical
data are available in many different analogue or
digital forms like maps, aerial photographs, and
satellite images, a spatial database can be built
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in several, not mutually exclusive ways, such as
acquiring data in digital form from a data
supplier, digitizing existing analogue data,
carrying out field survey of geographic entities,
and interpolating from point observations to
continuous surfaces. Remote sensing data are a
major source of data for the mapping of
resources like geology, forestry, water
resources, land use and land cover. Integration
of the two technologies, remote sensing and
GIS, can be used to develop decision support
systems for a planner or decision maker.
Remotely sensed images can be used for two
purposes, as a source of spatial data within GIS
and using the functionality of GIS in processing
remotely sensed data in both pictorial and
digital modes. Since digital remote sensing
images are collected in a raster format, they are
inherently spatially compatible with other
sources of information in a raster domain.
Because of this, "raw" images can be directly
and easily included as layers in a raster-based
GIS. Similarly, such image processing
procedures as automated land cover
classification result in the creation of
interpreted or derived data files in a raster
format. These derived data are again inherently
compatible with the other sources of data

Figure 1. Study area and PDOC's Pipeline Track
e e
i 5 l‘.-‘..___ Sep s !

= =5 |

Location Site
within Sudan
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represented in a raster format. Remote sensing
images need not be digital in format to be of any
value in a GIS environment. Visual
interpretation of hardcopy images is used
extensively to locate specific features and
conditions, which are then subsequently
geocoded forinclusioninaGIS.

At the same time, the information resident in a
GIS can also be used to aid in a visual or digital
image interpretation process. For example, GIS
information on elevation, slope, and aspect
might be used to aid in the classification of
forest types appearing in images acquired over
areas of high relief. Thus, the interaction
between remote sensing and GIS techniques is
two-way in nature. Remote sensing images
including the information extracted from such
images, along with GPS data, have become
primary data sources for modern GIS. Indeed,
the boundaries between remote sensing, GIS,
and GPS technology have become blurred, and
these combined fields will continue to
revolutionise the inventory, monitoring, and
managing natural resources on a day-to-day
basis (Punmia, 2005).

Similarly, these technologies are assisting us in
modeling and understanding biophysical
process at all scales (Lillesand et al., 2014).
They are also permitting us to develop and
communicate cause-and-effect "what-if'
scenarios in a spatial context in ways never
before possible (Lillesand et al., 2014). The
importance of remote sensing, GIS, GPS, and
related information technologies in the
professional careers of today's students
involved in measuring, studying, and managing
earth resources cannot be over-stated. Hence, in
recent years, remote sensing has become a
powerful source of spatial data as an input for
GIS through which a detailed map can be
generated with the help of other collateral data
derived from several other sources.
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There are two methods of extracting data for
GIS from the remote sensing data.

One method isvisual interpretation of satellite
imageries in pictorial format, and computer
processing of remotely sensed digital data. The
other method is ... The output of either of these
analysis methods can be considered as an input
for GIS forany kind of application.

Figure. (2), shows an overview of the linkage of
remote sensing and GIS. Proposed
methodology in which GIS, satellite remote
sensing and topographic mapping tools are
basically used in order to develop a system that
can be used for the integrated planning.
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Figure 2.0verview of the linkage of remote
sensing and GIS (Punmia, 2005).
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2. Material and Methods

Satellite imagery must be pre-processed
(geometric and radiometric correction) and
then must be post-processed using the image
enhancement method. Finally, a GIS database
link with the image data will be applied for
developing amap. AGIS application provided a
structure for presenting data in the form of maps
for visual analysis, as points, lines and areas,
but the power of GIS goes far beyond maps. In
fact, mapping isaminor part of GIS application.
The databases associated with GIS and the tools
to manipulate those data sets are powerful tools
for organizing, analyzing and interpreting data.
Data are stored in a GIS in two main
formats—uvector and raster.

The geographical objects considered as
necessary items were designed as a point layer.
Built layers were designed as polygon
geometry with attributes. That use effective GIS
map layers, pipeline & pumping facilities
database. Figure (3) is representing steps for
them and methods & procedures for map
production:

P — i
R —
v vt | [ (|
. |
1 r
Bl 1R L ;
[ l
| st | ayer =
e ‘
i E ] =
.
t t l 1
L 1405 Databa ks
l
“-'F-"'ﬁ_- - |

Figure 3. Main methods & procedures to
for map production.
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Remote sensing and GIS were linked then
used in vector model as points, lines
&polygon geometry with attributes.
Moreover, effective GIS map layers are used
with pipeline& pumping facilities database to
form thematic maps with the following
themes:

Remote sensing of Land cover
Remote sensing of water

Remote sensing of urban landscape
Remote sensing of soils

Land use/cover change detection
Urban growth detection

2.1 Data Collection

The joining of the Excel Facilities tables to the
Spatial Facilities table allows for making
pipeline shape file and this is the main operation
to start the data gathering in the GIS project.
The Pipeline Cumulative Running KPs by GPS
GARMEN in UTM SUDAN ADINDAN
(WGS 84) in Excel tables is obtained from
Melut Basin Development Project; and all the
Images& shape files had been projected to
UTM SUDANADINDAN (WGS 84).

Figure. (4) shows the path way of steps
flowchart for Database & layers Development.
The steps for reaching the file document are as

follows:

4.2.1 Excel's Tables and data:

* Thereview of existing data

The identification of entities and their

attributes

The classification of attribute data and the
creation of codes

The creation of tables, primary and foreign
keys

The definition of relationships

The creation of data entry and retrieval forms
Dataentry

The creation of GIS Shape files
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Figure 4. Initial Database& layers
Development.

2.2 DataAnalysis:

Detailed GIS data and high-resolution aerial
photography had been obtained with most
accurate and current data available to provide
the most accurate results. This imagery had
been obtained from a free photogrammetry
vendor [High resolution satellite images
(Landsat)were in raster format (note: they are in
UTM projections, so the shape files were
projected to UTM as well].

From these data, additional data were derived
using queried analysis, GIS spatial analysis,
and air photography interpretation.
Additionally GPS field data collections were
performed to gain additional specific data
needed for the analysis. Data were subdivided
into three perspectives, acommon layer tier was
within each perspective, and a suitability
attribute tier was within each common layer.
The data was entered into different excel tables,
converted to a dbase file, and used as the
attribute tables to join its corresponding theme
of the different critical facilities.
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Moreover, additional Data was reviewed to
identify entities and attributes and to facilitate
the classification and coding of data of the
Upstream Facilities & the Downstream
Facilities.

a) Entity and Attribute Identification

Entities were identified and attributes

determined.

b) Attribute Classification and Coding
Attributes were classified and coded to facilitate
data entry and analysis. To minimize the number of
tables, required attribute codes were entered as look-
up fields within the table structure.

c) Table and Key Creation

The Primary key was posted into related tables to
enable linkagesand a “GIS_ID” key was established
in the Facilities table to enable the linkage with the
ArcMap theme table.

a) Geographic objects

The used basic geographic objects are:

* Points, lines, polylines and polygons.

Every kind of object is modeled by an abstract
data type. We use the vector data model
geometry to represent the geographic objects.
This kind of modelling matches the
representation used by the user interface. The
geometry used in the interface and in the
database is based on standard geographic data.
The database and the interface shall be used in
the context of an interoperability GIS. In table
1GIS Dataand Common Sources are presented.

Table 1. GIS Data and Common Sources
GIS Data
Classification Type

High resolution satellite
imagesDEM

Source
http://www.diva-gis.org/Data
http://www.diva-gis.org/Data
http://www.diva-gis.org/Data
http://www.diva-gis.org/Data
http://www.diva-gis.org/Data
http://www.diva-gis.org/Data

Water bodies & water
linesTemperature

Precipitations
Soil o
Central Bureau of Statistics
Settlements

Melut Basin Development

Pipeline Project

coordinates
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2.3 Resultsand Discussion
The produced documents (maps& graphs) are
presented in Figures (5) to (17).

Figure 5. PDOC'S Pipeline Profile
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Figure 6. PDOC'S Pipeline track
and Landsat image overlap.

PDOCTS Pipaline J K

i

e e
..... = s - (B~

A court Specialized regional scientific journal issued by CRTEAN in collaboration with the FASRC

Figure 7.PDOC'S Pipeline route track layer
over Landsat image map
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According to the results of the research, it is
pointed out that;

1) GIS had provided a Satellite Based Detection
System for Pipeline Monitoring and accelerate
pipeline integrity assessment in high
consequence areas.

2) GIS had developed an organized, logical
approach to computer-assisted processing of
earth's features data that affect the pipeline
during the time like the soil type along the route
for continues analysis.

3) Determination of important and necessary
nearby settlements & determination of the
optimum plan for urban planning consideration
along the route for future town planning.

4) Determination for storm water runoff
direction and areas where water can affect the
heating performance for the heavy crude
transferred via the pipe by causing the drop
down of the temperature, which it is critical in
fuel management used in heating process along
the pipeline.

Figure 8. PDOC'S Pipeline Route political
boundaries of SDN & SSDN map.
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Figure 9. PDOC'S Pipeline route's in 3D. Figure 11.PDOC'S Pipeline route's storm

water runoff direction map

5) Determination of important and necessary
nearby settlements & determination of the
optimum plan for urban planning consideration
along the route for future town planning can be
seen through buffer tool

Figure 10. PDOC'S Pipeline route's average

e Figure 12.PDOC'S Pipeline route's surface
precipitation map.

water lines route map.
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Figure 13. PDOC'S Pipeline route's soil's Figure 15.PDOC'S Pipeline Buffering 200m
type's areas map. nearby settlements map.
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Figure 16. PDOC'S Pipeline route's states
average temperature map.

Figure 14.PDOC'S Pipeline route's states
roads & railways map.
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4. Recommendations and Conclusions:

The research can recommend the following
after practice some GIS & remote sensing
techniques:

* Work Order, operation documents and
reports must be linked to GIS system for
easy spatial parts work distribution and
organization.

e SCADA system must linked and be

compatible with GIS system.

e Automate reports can be better for

current reporting method & documents
by combinations with SCADA & GIS.

Pipelines provide a safe and economic means of
transporting fluids such as natural gas, crude
oil, refined products and natural gas liquids
products across great distances and over all
types or kinds of terrain. As manmade systems
however, they can fail from time to time,
sometimes due to catastrophic effects. Repairs
and environmental remediation, especially in
sensitive areas, can however be very expensive.
Using GIS based technology, an operator can
view his pipeline in its environmental and
safety context so as to quickly visualize high
consequence areas and the need for possible
upgrading of class location.

GIS can also provide details of accessibility to a
particular location; say a main line valve, in the
event of an emergency. Structured queries of
spatial, remote sensing and in-line inspection
information improve the development of
Integrity Management Programs and
intervention strategies. For example, slope
movements in sensitive areas can be tracked
over time using historical data.

Software applications have been developed
which enable to link the topography contained
in the GIS database to a flow modelling
capability and corrosion assessment module so
that the internal corrosion of liquid lines can be
continually monitored.
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Right of way management and emergency
response planning have been significantly
improved by locating the positions of habitable
dwellings and public places within the GIS
database. In this study, GIS is used to provide a
compact space where all sorts of data relevant to
the area can be stored in digital format,
including images, maps, documents,
photographs. Data have been already arranged
so that it can be incorporated into displays like
maps, charts, and tables, and can be in the
service of sophisticated analytical procedures.
Future analyses can be the basis for future
planning, design, and site management
decisions.

Safety and environmental protection
management are largely can be monitored and
covered through the combined effect of GIS and
Pipeline operation data to provide increased
assurance of safety to the public in buffered
pipeline route nearby settlements. The pipeline
operation age is small (about eight years) so far
its new to use GIS in management and planning
for integrity & operation analysis for the
company's management system and report
structure cause the did not use it before in
downstream department so for the benefits that
| found it after application of GIS & Remote
sensing techniques in pipeline data | found the
following results.
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Land Degradation and Deforestation Study on East Cost
of Tripoli using Remote Sensing and GIS Applications.

Emhemed Abdullah””, Akram Elkaseh” , Ahmed Turkman®, EImahdi Elayeeb”
“YThe Libyan Center for Remote Sensing and Space Science, Tripoli, Libya.

Abstract

Remote sensing technology and GIS system are extremely powerful tools which are used in
many applications. They have been widely and successfully applied for earth surface observation,
land cover classifications and fractional vegetation cover. Such applications can be applied in
variety of fields such as agriculture, forestry, and cartography.

Deforestation and Desertification, as a specific expression of land degradation processes, are the
main problems threatening the Libyan agriculture and the major environmental hazards in the area.
The world-wide phenomenon are caused or aggravated by the natural climate changes and the
influence of human on the environment. The degradation of land due to desertification has a serious
compounding effect on drought, and thereby reduces the chances of the local people to cope with
difficult periods.

We have used remote sensing technology and GIS systems to study the deforestation and land
degradation on a small area near the east cost of Tripoli. Data has shown the reduction of the forest
and green lands as well as the rapidly increases of land degradation in the recent years. Obviously,
human influence and human activities has a direct affects on the deforestation and land degradation.

Key Words: Remote Sensing, GIS, Deforestation, Monitoring.
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1- Introduction

Remote Sensing techniques can easily
provide information on phenomenon that
cannot or difficult to find by any conventional
ground work. The Remote Sensing
technology has been considered a promising
tool for environmental disasters management
such as earthquakes, floods, active volcanoes,
and forest fires [1].

Geographical Information System (GIS)
technology has powerful spatial analysis
function, which can analyze the data extracted
from Remote Sensing, access the relevant
information, and then provide scientific
decision-making basis for the disaster
prevention and mitigation. The integration of
information extracted through Geographical
Information System (GIS) and Remote Sensing
with other datasets provides tremendous
potential for identification, monitoring and
assessment of natural disasters.

2- Land Degradation and Deforestation.

Land degradation may be defined as a long-
term loss of ecosystem function
andproductivity caused by disturbances from
which the land cannot recover unaided; it is a
global environmentand development issue.
Up-to-date,quantitative information is needed
to support policy and action for economic
development, environmental integrity and
resourceconservation. To meet this need,
remote sensing and GIS is used to identify
degrading areas and areaswheredegradation
has been arrested or reversed [3].

It is widely accepted that satellite remote
sensing offers considerable advantages for
surface changes evaluation and land
degradation assessments. With a
comprehensive spatial coverage it provides
objective, repetitive data which contribute to
resource assessments and monitoring concepts
of environmental conditions.Land
observations help map changes to the
boundaries of degrading areas by monitoring
changes to the biophysicalcharacteristics of the
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However, significant Remote sensing
applications occurred only in the late twentieth
century, as result of the creation of better
optical systems with multispectral sensors,
with higher spatial resolution, more bands and
stereoscopic capture and several orbital
platforms.

Accordingly, Remote Sensing techniques and
geographic information systems (GIS) have
introduced a new era for soil resources
assessment, earth surface observation, land
degradation and land cover classifications, and
spatial distribution change of vegetation cover.
Their full capacity can be used for modifying
and adapting environmental management
principles and mitigation strategies. The
information qualityknowledge of spectral
characteristics of remotely sensed materials is
fundamental to any valuable quantitative
analysis [2].

surface. They provide critical information for
governments attempting to implement
programs to combat desertification in their
countriesand regions [4].

Since mid of 70s, deforestation and land
degradation monitoring and assessment have
become a hotspot in dryland research. To date,
numerous international governmental and
nongovernmental institutions, and individual
scientists and researchers have heavily
contributed in this investigation [5-9].

Human actions and activities that lead to
deforestation, as a result of logging to the use of
wood in construction and industrial purposes,
or as a result of exploitation of forest land to
increase the area of arable land and other
development objectives. Deforestation also
leads to reduced soil stabilization thereby
increasing desertification.

In Libya, deforestation and desertification are
main environmental hazards that facing people
and government, both factors can affect the
agriculture sector directly.
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There are natural environment and human
activityinterferences that play a major role in
the raise of desertification and deforestation in
the Libya, including the unjust use of private
land and cutting down trees around the main

3- Materials and Methods.

In this study, ArcGIS version 10 was used in the
whole process since it provides all the functions
needed to estimate the size of the deforestation
and degraded land. In order to analyze the area
of interest in more details, we have selected
random zones from the study area. The
classification (ArcGIS Spatial Analysis) was
also used; the differences in the amount of
degradation land were compared between 2010
and 2013. The study site is located at the East
boundaries of the Tripoli city (32°54 —32° 42N,
13° 22 — 13° 43E). The study area covers
approximately 48,500 hectares (see fig. 1).
Climate in this area is subtropical semi-arid
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cities at the cost, Haphazard construction in
farmland, razing forests and windbreaks, and
excessive pumping of water from shallow
wells, which resulted in soil salinization in
coastal areas, has reached salt water creep [10].

with a hot, dry in summers and cool, wet in
winters. The annual average temperature is
20.8°cand annual precipitation is less than
130mm. The SPOT series of satellites has one
of the most comprehensive archive of earth
observation satellite imagery to date and
provides an excellent baseline resource for
moderate resolution land cover change
detection studies.

Two satellite data of the study area were used,
the area of interest was imaged by spot
5satellite with a resolution of 2.5 m
inNovember 2010 and with spot 6 satellite with
aresolutionof 1.5min June 2013.
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Figure 1: The location of study area.
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The forest areas are shown in fig.2. The red
color shows the forest in area in year 2010,
while the blue color shows the forest area in
2013. The forest area was 9,108 hectares
which is approximately 22% from the total
study area in 2010 and became just 6,334
hectares (around 16% from the study area) in
2013.1t is calculated from the maps that 30.5%
of the forest was deteriorated in the study
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area.The rapiddecline of the forest areas in a
very short period from 2010 and 2013 is caused
byhuman disturbance factors and human
activities. Such activities could accelerating
land degradation, windbreaks reduction, rapid
urbanization growth, loss land's capacity of
goods and services, andconsequently, help for
desertification process.
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Map explains the deforesiation in the study area betwean 2010 and 2013 i i
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LCRSSS) — Km -R-.'

Figure (2): Mapshows the forest areas at the study area in 2010 (Red) and 2013 (Blue).
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Additionally, we have randomly selected four
zones in the study area to examine the loss of
forest and land degradation. Maps shown in
fig.3indicate the change of soil erosion between
2010 and 2013. Such a change is due to the
degradation of the forest cover in this time
period. The major changes in the land in study
area are mainly due to deforestation process. It
is very clear that many forest areas have
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degraded and the land become more likely asan
arid land which increase desertification process
inthe area.

Human activity plays a key role for windbreak
and deforestation process in the study area.
Thereby, the land use of the area is changing
from forest to agricultural, non-cultivated
lands, random urban areas, and mostly leads to
desertification.

Tablel.The area and deforestation percent of the four study zones of 2010 and 2013.

Zone Ghout Elruman El-Nsheaa El-Jnieen ElGharah Buli
For(es;;r:rae 52)013 50 15 3,597 718
Defor((:,/jtation 62.4% 78.8% 28.3% 20%
. Year 2ﬂ13m_ - Year 2010
’ o

i R r= L ] e

% {1): Area of deforestation in (Ghout Elruman zone) between 2010 and 2013,

Libyan Conter for Remote Sensing and Space Science [LCR555) ' T ..-E
— - H
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: S v

Lagend Ex (2): Area of deforestation in (El-Nsheaa) between 2010 and 2013. ‘l
) e Libyan Centar for Remote Sensing and Space Science (LCRSSS) | ns
Year 2_21 3 Year 2010

Lugaind Ex (2): Area of deforestation In (El-Jnleen zone) between 2010 and 2013, A
[ oeermtamee Libyan Center for Remote Sensing and Space Science [LCRSSS) .
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_Year 2013 .Year2010

Lagend Ex (5): Area of deforestation in (EIGharah Buli zone) batwean 2010 and 2013. '\
| - Libyan Center for Remote Senaing and Space Science LCRSSS)  ° ey 5

Figure (3): Examples of selected zones from study area show deforestation areas in hectares.

The forest areas and deforestation of fours  impact on forest and agricultural lands in
study zones in 2010 and 2013 are compared in  Tripoli; it could help them to apply plans to
table 1, where deforestation percent reduce thisimpact. Also they can use the results
dramatically raised to 78.8% at some areas in  as a contributing factor to help them apply land
time period. use plans to decrease the unfavorable impact of
Our results could have a meaningful value to  humans in land degradation. By using the
the decision makers in Libyato bestunderstand  results of soil erosion in the study area, local
the impact of human activities that has been  agronomists could suggest to the farmers some
taking place in the last three years, and its  practices that reduce soil erosion hazard.
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4- Conclusion

Monitoring land degradation and deforestation using satellite data proved to be an effective method
to get quick and precise overview of study areas. In the study, timely and detailed analysis had been
carried out using Remote Sensing and GIS for locating and identifying forest affected areas.

It thus confirms the change detected through post classification analysis. From the post
classification results there was tremendous reduction in forest cover area by 2,774 hectares in study
area within a period of less than three years between 2010 and 2013. It is equivalent to 30.5 %
decrease in the forest area. With the help of remote sensing and GIS techniques it clearly shows that
the total forest cover is continuously degrading and transforming into various land use and land
cover category.

The results of the study callsfor the government, governmental organizations and the general public
to respond fast andaddress the problem. The problem here is not only to do with the forest in the
study area alone, butalso all other forests in the country. Otherwise, the lives of present and future
generations areat stake.
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Integration of Remote Sensing and GIS for Flood Modeling,
Marabiee El-Shaarief, Khartoum State -Sudan

Mahmoud Faisal Hassan!, Amna Ahmed Hamid? and Hatim Elobeid Nuh3

Abstract

This study was conductedin Marabiee El-Sharief area which is located in Sharq El-neel (Eastern
Nile) Locality in Khartoum State. The study aimed at modeling the flood event of 2013, depending
on rainfall-runoff estimation to simulate and predict the behavior of flood in order to help in
prevention, mitigation and preparedness studies. Field survey was carried out in 2014 and
morphometric data for water course was measured, measurements of elevation was taken to
construct the main road and the major canal that lies next to Marabiee EI- Sharif village and bound it
from the eastern side.

The elevation measurement was used to enhance the digital elevation model (DEM) by creating a
digital terrain model (DTM) to insure an accurate representation of flood plain area. Using ArcMap
software, Runoff was estimated according to CN method and integrated with field survey data into
HEC-RAS software to compute water surface profile and create an inundation hazard map. Two
scenarioswere performedincluding and excluding the effect of the main road and the major canal on
the simulated flood behavior and extent.

The results clearly illustrated in the two scenarios, with and without canal and road
morphometric, the effect of the road and the canal in flood distribution and extent. The canal and
road have a serious effect on the magnitude and amount of water in the floodplain area where the
amount of water increased in case of a canal and road existence. The study recommended the
support of decision making in urban planning and for flood prevention though flood simulation
modeling prior to the event.

Key words: Flood, Modeling, Remote Sensing, GIS, Marabiee El-Sharief
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Introduction:

Flood is one of the major disastrous events that
hit the world. Recently it becomes common and
frequently over the whole world and that is
attributed to climate change. 196 million
people in more than 90 countries are exposed to
catastrophic flooding every year (UNDP 2004).
Flood have a severe effect to the communities,
there are example for the negative impact
caused by flood like, increasing the spreading
of diseases, injuries and deaths, damage and
loss to infrastructure and settlement, disruption
of water supply and damage to agricultural
land, crops and ecosystems. Early in August
2013, heavy rains fell in the states of Khartoum
and River Nile, causing flash floods and
extensive damage there and in seven other
states, these are the worst floods to have hit
Sudan since 1988.

Floods are defined as the temporary inundation
of normally dry land areas resulting from the
overflowing of the natural or artificial confines
of a river or other body of water, including
groundwater (ZELDA ELS 2011). Recently
floods are become common and frequently
over the whole world, this raise in flood events
made scientists interested and aware in
prevention studies utilizing flood modeling
(Nanshan, etal 2007).

Sudan like many others countries, prone to the
risk of disasters, and it have witnessed different
catastrophic events such as floods,
desertification, drought and pest infestation. In
term of flood, Sudan is characterized by two
major flood types; riverine floods along the
Nile and its tributaries, and flash flood that
caused by heavy rainfall. In term of prediction
and monitoring of floods, the flood of the Nile
is considered to be manageable or can be
predicted easily when it compared with a flash
flood that caused by the rainfall.

Flood modeling is an important task for
decision making in the field of natural risk
management. Therefore river engineers and
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managers need designed tools, as physically-
based models, in order to evaluate flood
inundation risk. The goal of such tools is to
simulate probable inundation damage on a
given area depending on several flood
scenarios with different intensity, duration and
return period (Antonin 2012). The flood
inundation modeling has a significant advances
that includes the understanding of the process
controlling runoff and flood wave propagation,
understanding simulation technique, low cost,
high power computing and in provision of new
datasources (Masonetal 2011).

To make an inundation map, the model require
the volume of flood water (Runoff) to use it as
input to generate water surface profile with the
topography of the area which governed the
water movement.Runoff can be generated from
rainstorms and its quantity is depending on
rainfall characteristic (intensity, duration and
distribution). In addition to that, there are some
factors that have an effect on the occurrence
and quantity of runoff, this include soil type,
land cover, slope and catchment
type.(Mohamed etal, 2008).

According to Elizabeth et al, (2004) the
physical process that convert rainfall to runoff
are complex, variable and cannot be replicated
in mathematic way accurately. And to do that
there are several mathematical models and
techniques designed to simulate these
processes in order to predict runoff volume and
rates with acceptable accuracy like rational
method, kinetic wave method, SCS Unit
Hydrograph Method and SCS-CN method
which is used in this study.SCS-CN method
becomes a common method for analyzing
infiltration and direct runoff because it is
simple and easy to apply, the availability of
required input data, the theory of the method
supported by empirical data and it can be
applied in case of absence of gauged station (in
ungauged watersheds) (Ethan, 2006).
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In this study HEC-RAS model was used also.
HEC-RAS isan integrated system of software,
designed to perform one-dimensional
hydraulic calculations for a full network of
natural and constructed channels. Also it can
compute the water surface profile for steady
flow and unsteady flow simulation. In this
study the researchers used steady flow water
surface profiles which are concerned for
calculating water surface profiles for steady
gradually varied flow. The effects of various
obstructions such as bridges, culverts and other
structure in the floodplain maybe considered in
the computations (HEC-RAS 2010).

This research was carried out to highlight the
role of the advanced space technologies in the

Materials and Methods:

The studyis carried out in MarabieeEl-
Sharief area which is located in Sharq El-neel
(Eastern Nile) Locality in Khartoum State. The
site is located in a flood prone area according to
the general topography of the area, besides that
it is situated in lowland area in the middle of a
water course (Figure 1).In the rainy season of
year 2013 the area exposed to adverse flood due
to the heavy rain. The wateraccumulated from
the catchment in an amount that exceeds the
capacity of the (Khor, Wadi Soba) then
inundated MarabieeEl-Sharief village and the
surrounding areas making severe damage and
loss of life, properties and livelihood.

The main source of data used is remote
sensing data from Formosat satellite image,
DEM from SRTM and Digital Elevation Points
in addition to Rainfall data from three gauge
stations in Sharq El-neel locality and the
available maps and reports besides the data
collected during field survey. The method is an
integration of remote sensing data analysis,
field survey, GIS and modeling. The research
was conducted during three phases which is a
preparation, data collections and analysis.
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field of flood disasters, how to contribute and
support decision making in flood monitoring
and management at different phases of
prevention, mitigation andpreparedness.
Hence it models the flood event depending on
rainfall-runoff estimation to simulate and
predict the behavior of flood taking in
consideration the impact of construction on
flood risk. To achieve this goal the specific
objectivesare:
e Toestimate Runoff and incorporate the
resultin 2D flood modeling.
e Togenerate an inundation hazard map.
e To assess the role of the newly
constructed road and agricultural canal
onthe flood risk in the study site.

In order to produce an inundation map the
digital elevation model (DEM) data was
manipulated and made ready to represent the
topography of the study area together with the
digital terrain model. (DTM) and used as layer
in the model. The volume of flood waterwas
estimated according to CN methods and
topography of the area. The field data which is
represented by cross section and morphometric
of the Khor was manipulated into ArcGIS
software for subsequent analysis. Also the
amount of the runoff estimation was integrated
into amodel to generate predicted flood extent.

Within the HEC-RAS environment the cross
section was edited for better representation of
real situation along water stream using field
survey data, also the bridge was designed using
real dimensions from the field data. The water
surface profile was computed using steady flow
analysis by entering the amount of runoff to
simulate the flood. Then the water extent data
exported to GIS to generate the inundation map
using HEC-GeoRAS tool.
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Figure (1): Location map of Study Area

The study simulates two different scenarios
to show the effect of canal and road on flood
risk in the study area.After generated a two
scenarios, output maps were classified into 4
equal interval classes according to water level,
then the area of each class was measured to
determine the percentage area that was
inundated out of the study area.

Lastly, the output of the two scenarios were
compared with Formosat satellite image of the
study area that collected during 2013 flood
event to assess the method and check the
accuracy of the simulation results.
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Results and discussion:

For the planers and decision makers, flood
extent is crucial in both the process of planning
particularly in urban planning and flood
damage assessment. The immediate flood
extent maps from optical remote sensing is
often problematic for the reasons that the
calendar of orbiting satellites for a given place
is not always coincide with flood events time,
as well as the majority of high temporal
resolution satellites are characterized by course
spatial resolution which constraint the accurate
flood extent mapping process, thus flood
modeling overcome these problems through
applying of 2D modeling to provide inundation
hazard maps in form of different scenarios. The
flood inundation modeling have a significant
advances includes the understanding of the
process controlling runoff and flood wave
propagation, understanding simulation
technique, low cost, high power computing and
in provision of new data sources (Mason et al
2011). All the flood modeling attempt in Sudan
were mainly attached to riverine flood,
however there is complete neglection to the
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seasonal water streams (Khors), this study
basically applied to Wadi Soba (water stream)
in Marabiee El-Sharief areawhere 2013 flood
took place.

The study attempt to model the flood
inundated area and the water depth distribution
over the area in essence that the higher the
water depth the greater the level of risk for
population and their properties. Two scenarios
for modeling were performed the first one
represent the real status of the area where aroad
and canal exist, figure (2) shows the road and
agricultural canal. Figure (3) shows the water
level and the flood extent where the road and
the canal found to have a profound effect of
rainwater accumulation and flow direction.
They interrupt the natural flow of the rain
water, mainly the road prevent the water from
routing normally and change the direction of
flow, as a result the water level rise in and
around the residential area which caused
damage with high magnitude inthearea.
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Figure (2): Location of road and agricultural canal in the study area
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Figure 4 shows the result of scenario two
from the simulation model that proposesa
natural topography without any construction
that makes obstacle or barrier for the natural
water flow of Wadi Soba (no road and no
canal). From the model output in figure 4 it is
clear that the water drains away from
residential area to the Nile, only few buildings
were inundated.

The model results (scenarios one) was
compared with information obtained from
Formosat satellite image taken at the same date
of flood 13 August 2013. The result of image
interpretation with regard to inundation was
coincided with areas that classified as having

Conclusion and Recommendations:

Flood modeling give anadvantage of
supporting decision making by providing
sound information based on different scenarios
that predict the behavior of flood and estimates
quantity, distribution and direction of flow
prior to disaster or flood occurrence.

The study showed the effect of aroad and an
agricultural canal on flood distribution in the
study area, where the water level increased as a
result of the presence of the road and the canal
which consideredasharriers that prevents the
flow of water toward the Nile, where 95.7% of
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high water depth. Figures 5 and six show the
classification of water depth into 4 equal
intervals classes. The result showed in the first
scenario figure 5 the flooded area was 95.7%
of the area of the village while in the second
scenario where the road and agricultural canal
were absent the flood water covered only
47.8% out of study area.

From the above results the study proved that
the wide spread of flood is due to the
construction of the road and the agricultural
canal. The finding of the comparison of model
and the image gives the model results the credit
of being an optimum tool for flood water extend
or inundation mapping.

the study area inundated due to their presence.

Flood extent is crucial in both the process of
planning particularly in urban planning and
flood damage assessment; hence flood
mapping is highlyrecommended to be
incorporated in any development plan.

Researches and studies that focus on the
applications of remote sensing, GIS, and
modeling in similar environment is
recommended.
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Figure (6): Scenario TwoClasses of water level
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Soil Capability Assessment and Mapping in Soba
Agricultural Scheme (Sudan)
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ABSTRACT

In Soba Agricultural Scheme; soils have been hazard by salinity and sodicity in their subsurface and
need to be used in special care. Salinity and sodicity is the major soil limitation factor for
agricultural production. Spatial information on soil salinity is increasingly needed, particularly for
better soil management in this area. To answer the needs of sustainable agriculture in Soba
Agricultural Scheme and to quantify variation in relevant soil properties across the area; Land
surveying and satellite data were used in a Geographic Information System. The data collected by
soil survey team of Agricultural Research Corporation (ARC).Grid system was used; most of the
area was sampled at scale of one observation per each square kilometer which is consisting of 80
sample points (80 soil profiles). Each profile was sampled to depths of 0-30, 30-60 and 60-100cms.
Thus a total of 240 samples were collected from the area. Spatial trend and semivariogram were
computed. The results suggest that the best model to generate soil chemical and physical properties
maps was Ordinary Kriging. The ordinary kriging model was used to generate final soil capability
map with raster calculator tool.

Keywords: GIS, Soil Assessment, Kriging, and Agricultural Scheme.
*Corresponding Author: Eltaib S. Ganawa, Khartoum, Sudan. E-mail Address:
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1. INTRODUCTION

Land evaluation is an important step in the
process of land use planning where the
resources are limited. Land use programming
for optimum use causes the maximum
profitability so that, the land will be protected
for the future land users. In this frame of
programming, the land is evaluated and their
suitability for the possible uses will be
specified. Hence, the land base on their
characteristics will be determined to the most
profitable use. Sustainable agriculture comes
true, provided that the land based on their
suitability will be classified and utilized for
different uses types (FAO, 1990). Quality
assessment of land suitability is to estimate
land use for specific uses without taking into
consideration of yield and social-economic
factors FAO, 1974, FAO 1990)

Soil salinity decreases food production in
different regions of the world. Soil salinity is
divided into two main categories: naturally
occurring dry land salinity and human-induced
salinity caused by low quality of water. In both
cases, the growth of plants and soil organisms
are limited leading to low yields (Doualk et al.
2005). As the first step for a better management
of salt affected soils, soil salinity needs to be
monitored and mapped (Zheng et al. 2009).
Currently, research interest is growing in
mapping soil electrical conductivity (EC) as a
surrogate for either soil salinity (MC et al.
2006) or other various soil physicochemical
properties (Rongjiang & Jingsong, 2010). For
example, Doualk et al. (2005) used
successfully electrical conductivity determined
by laboratory analysis from 1:2.5 soil-water
suspensions (EC2.5) to map soil salinity.

Soil isa fundamental part of land and is a key in
determining what activities can be undertaken
and supported on different types of land; how
capable is land is sustaining different farming
systems, different woodland types, valued
habitats, as a sink for carbon. The Land
Capability for Agriculture classification — a
system that classifies land into seven classes
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based on the degree of limitation imposed by
biophysical constraints including soil - was
developed in the late 1970s and is as relevant
now as it has ever been.In order to utilize the
land resources in sustainable way, a land-use
plan that incorporates the different land
characteristics has a paramount importance. To
incorporate the different land attributes that
differ spatially and to identify the best suitable
land use, GIS has proved to be the best.
Geographical Information system (GIS), which
incorporate database systems for spatial data,
were designed and developed enabling the
acquisition, compilations analyzing and
displaying topological interrelations of
different spatial information. Moreover the
surface and overlay analysis capabilities in GIS
can effectively facilitate in handling vast
amount of spatial information Soil is a valuable
nonrenewable resource and exists throughout
the World in abroad diversity. Different types of
soil exhibit diverse behavior and physical
properties. It provides essential support to
ecosystems and to human life and society.
Therefore, it is imperative to maintain soil
functions and qualities to sustain the ecosystem
and the human being .This alarmed authorities
to plan and assess suitable parameters for land
uses. It has been recognized that the quality of
lands suitability assessment and the reliability
of land use decisions depend largely on the
quality of soil information used to derive them.

Soil surveys are the main information source
for sustainable agriculture and land use
management. Soil survey mapping units are
defined by the soil properties that affect
management practices, such as drainage,
erosion control, tillage and nutrition, and they
involve the whole soil profile are available only
at a small scaled (1:100,000) for most of the
country and just a few small part of it has
detailed soil maps because of funding
limitations and governmental policies, asitisin
most of other developing countries.
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The traditional methods are expensive and time
consuming due to large number of
observations. However, advances in computer
and information technology have introduced
new group of tools, methods, instruments and
systems. Rapid developments in new
technologies such as Remote Sensing and
geographical Information system provide new
approaches to meet the demand of resource
related modeling.

In recent years thematic mapping has under go
near evolution as the result of advances in
geographic information science and remote
sensing. For soil mapping archived data is often
sufficient and this is available at low cost.
Green, (1992) stated that integration of Remote
Sensing with in a GIS database can decrease the
cost, reduce the time and increase the detailed
information gathered for soil survey.
Particularly, the use of Digital Elevation Model
(DEM) is important to derive landscape
attributes that are utilized in land forms
characterization (Brough, 1986; Dobosetal.,
2000).

Soil capability mapping for Soba Agricultural
Scheme is therefore, an essential action in order
to maintain the sustainable development of
effort and investment as well as the sustainable
usage of the soils. The spatial analysis was used
in this study; it can be defined as the analytical
techniques associated with the study of
locations of geographic phenomena together
with their spatial dimensions and their
associated attributes. Spatial analysis is useful
for evaluating suitability, for estimating and
predicting, and for interpreting and
understanding the location and distribution of
geographic features and phenomena. The use of
spatial analyses techniques in evaluating the
land capability, allow producing multi-
thematic maps and outlining the limiting
factors, accordingly suitable suggestions could
be attained to understanding how to deal with
these soils for sustainable agricultural use.
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2. MATERIALSAND METHODS
2.1Study Area

The West Soba Project located in Khartoum
State south of Khartoum city capital of Sudan.
The areais enclosed within latitudes 15° 24" and
15°30" N and longitudes 32° 32" and 32° 28' E.
The extent of this area totals to 10,000 feddans.
(Fig. 1). The area lies within the tropical hot
arid zone of Sudan. The annual rainfall is about
167 mm mostly falling during the months of
July, August and September. The average
annual air temperature dry bulb is 26°C, at
06.00 O'clock, 35.7°C at 12.00 and 30.7°C at
18.00 with a maximum of 40.5°C at 12.00 in
may and a minimum of 18.5°C at 06.00 in
January. The average relative humidity is 39%
at 0.600, 22% at 12.00 and 29% at 18.00.
(Khartoum, Sudan Metrological Department,
Climatologically Normal's, 1970). The area is
flat and level occupying. The upper terrace of
the river, the soils are believed to be a Blue Nile
alluvium derived from the basic igneous rocks
of the Ethiopian plateau and underline by
Nubian Series. The altitude is about 380 meters
above sea level. The area lies within the Acacia
Desert Scrub zone. The area is connected by dry
weather roads to Khartoum and then eight
boring villages. Khartoum-Medani asphalt
road is closed (Fig.2). The River Nile water in
the canals and few showers are the main water
sources to the area. (According to Agricultural
Research Corporation (ARC-Sudan)), Land
and Water Research center.
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Figure 1.Location of the study area
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Figure 2. Location of the study area (2)

2.2 Soil sampling and laboratory analysis.

The data collected by the team survey of
(Agricultural Research Corporation ARC, Land
and Water Research Centre LWRC) using a
1:20.000 location map to show the sites of the
observations to draw salinity, sodicity, clay
content and land capability maps. Using a grid
system, most of the area was sampled at scale of
one observation per each square kilometer
which is consisting of 80 sample points (80 soil
profiles). Each profile was sampled to depths of
0-30, 30-60 and 60-100cms. Thus a total of 240
samples were collected from the area (Fig.3).
The soil properties that used as parameters to
determine soil capability is:

() Chemical properties: such as EC, CEC,
CaCO0g3, pH and ESP. EC (electric conductivity
is the main indicator of soil salinity whereas the
ESP (Exchange Sodium Percentage)): is the
main indicator for sodicity. (Il) Physical
properties: represented by soil texture this is
determining with Clay, Silt and Sand percent.
These samples that collected from field profiles
were determined the chemical and physical
properties in determination laboratory routine
analysis atAgricultural Research Corporation.
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The above mentioned methods for collecting
data have been concluding in (Fig.4), below,
which is demonstrating all process for collected
data.
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Figure 3 Soil profiles distribution
2.3 GlS spatial analysis

With the application of GIS and geostatistical
mapping; spatial distribution of soil salinity and
sodicity at the study area was mapped and
quantitatively evaluated based on the grid
sampling and laboratory measurements. The
method that was used to analysis is
interpolation method. When using ordinary
kriging to produce a quintile map, you should
examine the distribution of the input data
because this particular method assumes that the
data is normally distributed(Fig.5).The results
of validation suggest that the best model for
generating soil salinity, alkalinity, CaCO3
content and clay content maps was ordinary
Kriging. Kriging is an advanced geostatistical
procedure that generates an estimated surface
from a scattered set of points with z-values.
Unlike other interpolation methods in the
interpolation toolset, to use the Kriging tool
effectively involves an interactive investigation
of the spatial behavior of the phenomenon
represented by the z-values before you select
the best estimation method for generating the
output surface.
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Figure 4.The methods of collecting data and arranging as a row data
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Kriging assumes that the distance or direction
between sample points reflects a spatial
correlation that can be used to explain variation
in the surface. The Kriging tool fits a
mathematical function to a specified number of
points, or all points within a specified radius, to
determine the output value for each location.
Kriging is a multistep process; it includes
exploratory statistical analysis of the data,
variogram modeling, creating the surface, and
(optionally) exploring a variance surface.
Kriging is most appropriate when you know
there is a spatially correlated distance or
directional bias in the data. It is often used in
soil science and geology. Geostatistics can be
used to analyze the spatial variability of soil
attributes. Rationale: Two data close to each
other are more likely to have similar values than

A court Specialized regional scientific journal issued by CRTEAN in collaboration with the FASRC

Journal of Science space Technologies

two data that are far apart. Regionalized
variable theory is used to model the spatial
dependence of soil properties by variogram
analysis, which is required for kriging (spatial
prediction). The variogram describes (Fig .6)
the degree of similarity between attribute
values at sample sites x and x+h as function of
their geographical separation or lag h. In
variograms the distance between data points (x-
axis) is plotted against the semivariance (y-
axis). Important to note is that variances as
functions of the distance between measured
points are considered, rather than the
measurements of points. (Isaaks et al
1989).Different variogram models are used to
describe the spatial relationship for soil salinity,
sodicity CaCO3 and clay content.
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The incorporated attributes were used to obtain
the thematic layers of spatial distribution of the
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above mentioned characteristics. Fig. 7
demonstrate the model used in this process

Figure 7. Demonstrate the model used in this process

3. RESULT AND DISCUSSION

The data laboratory analysis indicates that
salinity increase with depth. The EC within 30-
60cm register high values comparing with the
values in 0-30 depth, with clear dependences in
distribution. Clay content in depth 0-30 record
a high values with very low of dependency. The
approximately homogenous surface of clay
content is produced with some small area
representing low clay content surfaces. High
clay content and distribution surface is
affecting soil texture to classify as clayey soil.
Most of the study area is high clay content
particularly in depth 30-60 and 60-100cm with
clear variation across surfaces. The
dependency in depth values 60-100 is a similar
semivariance of the upper depth 30-60 with

differences of distribution. There is no
dependency over 3.414m and this because of
data similarity within two depths. CaCO3 is
the importance properties to determine soil
capability. CaCO3 content one of the factors
that may increase soil pH. There are slightly
differences of CaCO3 distribution in three
depths with high similarity of semivariance.
According to above discussion and data
exploratory these soils are mostly clayey. It is
worth mentioning that the surface soil is mostly
nonsaline, none or slightly sodic and has a
relatively lighter texture than the subsoil. These
soils been generally saline-sodic in their sub
surfaces. Tolerant and shallow rooted adaptable
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crops may be grown during the reclamation
process. The classification of soil suitability
produced from the interpolated maps
overlaying and digitizing to produce soil units
map. The attribute data of CaCQO3 content,
clay content, soil depth, salinity and alkalinity
were compiled into the units of the digital
geomorphologic maps in a geographic
information system 10.1 (Fig.8) using map
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algebra tool to produce soil capability. The
incorporated attributes were used to obtain the
thematic layers of spatial distribution of the
abovementioned characteristics which
represent land capability classes of the study
area. The results maps that represent salinity,
sodi, CaCO3 and clay content of Soba
Agricultural Scheme were produced as shown
onthe Figs (9, and 10) respectively.

Data Interring

l

Data Processing

Figure 8. The data processes using Arc Map 10.1.
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Figure 9.Spatial distribution of soil Salinity
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Figure 10.Spatial distribution of soil alkalinity

According to above discussion and data
exploratory these soils are mostly clayey. Itis

Worth mentioning that the surface soil is mostly
non saline, none or slightly sodic and has a
relatively lighter texture than the subsoil. These
soils have been generally saline-sodic in their
sub surfaces. Tolerant and shallow rooted

adaptable crops may be grown during the
reclamation process. The classification of soil
suitability produced from the above
interpolated maps overlaying and digitizing to
produce soil units map as shown in (fig. 11, 12
and 13) respectively.
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Figure 12.Spatial distribution of CaCO3
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Figure 13.Soil units of the study area

With the application of GIS and geostatistical
mapping, spatial distribution of soil salinity and
soil sodicity at the study area was mapped and
guantitatively evaluated based on the grid
sampling and laboratory measurements. The
results of validation suggest that the best model
for generating soil salinity and sodicity maps
was ordinary Kriging with semivariogram
model-Quantitative evaluation showed that the
mean soil salinity and sodicity was high across
the study area, generally pertaining to heavy
salinized soil types.

The use of spatial analyses techniques in
evaluating the soil capability, allow producing
multi-thematic maps, accordingly suitable
suggestions could be attained to understanding
how to deal with these soils for sustainable
agricultural use. The spatial distribution of
limiting factors through the different landforms
is particularly important when planning for the
optimal land uses, also it benefits the existing
land users in determining the most appropriate
management practices.

The low capability classes in the area are mainly
due to the high sodicity, heavy clayey texture,
and poor drainage and the salts accumulation.
Therefore, action measures of land
management are essential for sustaining the
agricultural land uses in this area. In general;
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soils at Soba Agricultural Project will generally
go under class 1V, though the surface soil is non-
saline and somewhat slightly sodic (Fig. 14).

Figure 14. Land capability classes of the studied area

Class 1V: poor land for irrigated agriculture,
having very severe limitations that make them
unsuitable for cultivated of irrigated crops. Sub-
class IV s: poor land for irrigated agriculture
consisting of soils with varying salinity and
sodicity and having relatively high clay content.

4. CONCLUSION AND
RECOMMENDATIONS

With the application of GIS and geostatistical
mapping, spatial distribution of soil salinity at
the study area was mapped and quantitatively
evaluated based on the grid sampling and
laboratory measurements. The results of
validation suggest that the best model for
generating soil salinity map was ordinary
kriging with spherical semivariogram model.
Quantitative evaluation showed that the mean
soil salinity was high across the study area,
generally pertaining to heavy salinized soil

types.
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* To increase the accuracy of soil salinity and
sodicity prediction, it should be improve the
sampling scheme and use ancillary
information, e.g., satellite imagery and
Digital Elevation Models (DEMs).

* The spectral information can be used in an
efficient way to complement the scarcity of
direct measurements of soil salinity, with
less bias and more accuracy, adding several
opportunities to traditional soil surveys.

* In combination with the traditional surveys,
remote sensing should allow to detect, with
reasonable accuracy, the presence of salt in
the surface layer of the topsoil. In addition,
changes in salinity and sodicity can be easily
monitored in time using subsequent satellite
images of the studied area. Integration of
remote sensing with traditional soil surveys
and modern soil spatial analysis leads us in
this way towards a more accurate approach
of the digital soil mapping.

Soil samples in this study taken from soil
profile, in spite of the large area that profile has
cover; auger sampling give more representation
of soil at study area leading to more accuracy of
soil prediction at unobserved area.
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Estimation Spatiotemporelle de I'Ensablement
dans les parcours d'El Ouara
(Tunisie aride) par les Images Landsat Thematic Mapper
Bouajila ESSIFI& Mohamed OUESSAR
Institut des Régions Arides de Médenine, IRA
Laboratoire d'Erémologie & Lutte Contre la Désertification,
Unité SIG et Télédétection,
4119 Médenine, Tunisie.

Résumé:

Un grand nombre d'indices spectraux ont été développés pour estimer les parameétres biophysiques
de la surface de la terre, dérivés des séries temporelles d'images de télédétection. De telles données
sont nécessaires pour expliquer et surveiller les processus éoliens engendrant tous les aspects reliés
au phénomene de la désertification dans les parcours d'EIl Ouara dans la Tunisie aride, qui s'ajoutent
al'impact de diverses pressions anthropogénique et climatiques.

Dans ce papier, nous tentons de : i) déterminer la relation entre le caractere spectral et les variations
spatiotemporelles de I'accumulation des dunes en utilisant I'imagerie Landsat, ii) estimer les taux de
changements et la migration des dunes vis-a-vis de la direction des vents dominants dans les
champs de dunes de Jaouacha, EI Ouara, entre 1986 et 2007. Nous explorons les indices de brillance
et nous appligquons une détection diachronique pour mieux discriminer les changements. Les
résultats confirment que la migration et I'accumulation des dunes sont renforcées par la présence
d'un régime de vent réversible. L'extension des dunes, illustrées sur les images, montre des
modifications significatives aussi bien dans la forme que le pattern de la dune. En outre, I'analyse
dénote une augmentation globale de la distribution des dunes soutenue par une continuelle aptitude
d'organisation. Les activités humaines associées aux contraintes climatiques, dans un contexte
pastoral et écologique précaire, semblent étre, directement ou indirectement, une cause majeure de
ladégradation.

Mots-clés : Ensablement, Parcours, Indices Spectraux, Landsat Thematic Mapper, Tunisie Aride
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1.Introduction

Dans les dernieres années, la désertificationa
recu une attention internationale. Des millions
d'étres humains vivant dans les régions
affectées, sont menacés par la sécheresse et la
famine, le soletla végétationy sont dégradés. La
désertificationrésultedela combinaison des
contraintesécologique, socioéconomique, et
lesprobléemes de gestion y compris
lesurpaturageet les pratiquesagricolesqui
induisent une érosion éolienne et
hydriqueaccélérées, avec la mauvaise gestion
des ressources en eauconduisant a la
salinisation. La réactivation de dunes
stabilisées et I'ensablement sont les principales
manifestations de la désertification(Paisley et
al., 1991).Les données de télédétectionont été
utiliséesdansune variétéderégionsdifférentes
pourreconstruire lesconditions
géomorphologiquesouclimatiques préalables
(Janke, 2002). De telles données sont requises
afin d'expliquer et surveiller les processus
éoliens engendrant la désertification dans la
périphérie sud des parcours d'El Ouara dans la
Tunisie aride sous diverses pressions
anthropiques (Talbi, 1992; Ouerchfani et al.,
2008; Essifi et al, 2008). Avecle systeme de
dune, comme dans toutpaysage naturel, la
compréhension de la complexité

2.Matériels et Méthodes

2.1.Zone d'étude

La plaine d'El Ouara est un vaste parcours situé
dans le sud-est de la Tunisie, comprise entre
lesreliefs de Djebel Rehach et Djebel Sidi Toui
et les monts de Matmatas. Climatiquement, la
région est influencée par la Méditerranée et le
Sahara avec une moyenne pluviométriquene
dépassant guére 230 mm par an (Ouessar et al.,
2006). Des précipitations irréguliéres, des
hautestempératures and taux
d'évapotranspiration, et desvents fréquents sont
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environnementale a d'importantes implications
dans le design et l'implémentation des
stratégies de conservation (Barrows & Allen,
2007). Lestravaux de terrainde lamigration des
dunessontdifficileset couteuses, elles ne
peuvent pas étre suffisammentrépétéespour
permettreune surveillance continue. Dans cette
étude, l'utilisationde la télédétection, telle
quel'imagerie Landsat, peuvent étre
utiliséespour surveillerde fagon exacte la
migration de dunessur des intervalles
réguliers(Yao et al, 2007).Ce travail s'inscrit
dans le cadre des programmes de lutte contre la
désertification afin de disposer d'une base de
références scientifiques fiables sur I'étendue de
la dégradation des terres pour prendre les
mesures adéquates, et surveiller a long terme
pour distinguer entre l'influence des activités
humaines et celle de la variabilité du
climat.Nous tentons de: i)déterminerla relation
entre le caractére spectral and variations
spatiotemporelles de I'accumulation des
sablesen utilisantl'imagerie Landsat, ii) évaluer
le taux de changements et de migrationdes
dunesvis-a-vis dela direction des vents
dominants dans les champs de dunes de
Jaouacha, El Ouara, entre1986 et 2007.

observés (Floret & Pontanier, 1982).Située au
Sud du gouvernorat de Tataouine a la frontiére
tuniso-libyenne, Bir Jaouacha est un point
d'eau ou la zone environnante est connue par sa
bonne aptitude pastorale, morphologiquement,
ce sont des Khaouis et des Garaas qui forment
des dépressionsinondables dans la plaine d'El
Ouara (Essifi, 2008) (Fig. 1). La végétation
pastorale est pour la plupart a base de Retama
raetam, occupant les bas-fonds de Jaouacha.
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Figure 1. Bir Jaouacha a EI Ouara de Tataouine : la zone du point d'eau est envahie par I'ensablement

2.2. Acquisition des données

Les données utilisées dans cette étude
comprennent deux images satellitaires Landsat
Thematic Mapper. La premiére a été acquisele
23 Mai 1986 et la deuxiemele 1% Mai 2007. Les
images TM ont une résolution spatialede 30 m.
les images sont de bonne qualité, sans
couverture nuageuse. Apreésles traitementssous
IDRISI Selva® (Eastman, 2012), des
rehaussements d'image ont été testédans une

tentatived'améliorer les traits dupaysage.
L'analyse des composantes principales
(ACP)et la transformation Tasseled Cap(TCT)
ont été dérivéespour chaque image. Nous
explorons aussiles indices de brillanceet
nousappliquonsune photo-interprétationpour
mieux discriminer les changements selon le
diagramme suivant (Fig. 2):
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Calibration Radiométriques des Images

!

Transformation - Indices Spectraux:
SAVI - ACP - TCT

!

I Détection des Changement:

+

I Résultats - Analyse et Discussion

Figure 2.Diagramme méthodologique de I'étude

2.3. Estimation de I'ensablement par les indices spectraux

2.3.1.Les indices de brillance issus dela TassCap et de I'ACP

Pour générer des informations sur les sols aussi
bien que les canopées de végétation dans
unbackground particulier couvert de
végétation, Kauth & Thomas (1976) ont
développé unetransformation appelée Tasseled
Cap avec les six bandes TM(excepté la bande
thermique) en utilisant le processus d «
orthogonalisation » de Gramschmidt,pour
extraire trois nouvelles indices : brillance,
végétation, et humidité. Il a été montré que la
plupart de la variabilité (95-98%) dans les
bandes Landsat peut étre capturée dans deux

dimensions définies par les axes de brillance et
végétation. L'indice de brillance est relatif a la
brillance du sol et celui de la végétation
souligne la biomasse. Les transformations
images dérivées des bandes Landsat de 1986 et
2007 sont illustrées dans les figures 3 et 4 et
concerne labrillance du sol.

L'histogramme de I'image de 2007 enregistre
un pic de brillance atteignant 26.60 alors que
cellede 1986, un peu moins, de I'ordre de 23.75.
Cela signifie qu'en 2007, I'extension des dunes
de sablesest plus claire.
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Figure 3. Indice de brillance issu de la transformation TassCap de I'image Landsat TM 1986

Tasseled Cap Transformation Brightness Image

d

Figure 4. Indice de brillance issu de la transformation TassCap de I'image Landsat TM 2007

L'ACP, introduite par Richards (1986), est une
transformation orthogonale des donnéesimage
étroitement liée a l'analyse de facteur qui
produit un nouvel ensemble d'images
oucomposantes non corrélées entre eux et
ordonnées selon le taux de variation
(information)qu'ils représentent a partir de
I'ensemble originel d'images.L'ACP est
proprement utilisée pour découvrir la
dimensionnalité soulignée des
donnéesmultivariées en éliminant la

redondance (évidente dans l'inter-corrélation
desvaleurs depixel de I'image).

Dans ce contexte, les deux ou trois premiéres
composantes illustrent virtuellement toutela
variance a cause de la corrélation considérable
entre les bandes La premiere
composantereprésente I'albédo (dans lequel le
background du sol est représenté) alors que la
deuxieme composante représente le plus
souvent la variation du couvert végétal
(Eastmanetal., 2012).
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Les figures 5 et 6

Component 1 derived from w_peca_1886_
‘.}. i e - b "

T

Figure 5. Indice de brillance issu de I'Analyse en Composantes principales (ACP)

— Composante 1de I'image Landsat TM 1986

Figure 6. Indice de brillance issu de I'Analyse en Composantes principales (ACP)
— Composante 1de I'image Landsat TM 2007
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2.3.2. Détection de changements appliquée sur les indices spectraux

Dans la détection de changement spectral, les
images de deux dates différentes
sonttransformées en des nouvelles images
mono-bandes ou multi-bandes, qui contiennent
leschangements spectraux. Les images
résultantes doivent étre traitées davantage pour
assignerles changements aux types spécifiques
d'occupation de sol. La discrimination des
pixels de « changement » et« pas de
changement » sont d'une grande importance
pour le succes de ces méthodes (Essifi, 2008).
Laméthode commune pour la discrimination
est l'utilisation des seuils statistiques.
Unesoigneuse décision est par suite requise
pour placer les limites des seuils de séparation
de lazone de changement de celle de pas de
changement. La différenciation d'images
soustraire deux images de deux dates, pixel par

pixel dans chaque bande pour produire une
nouvelleimage de changement entre les deux
dates. Pour ce faire, le module Imagediffsous
environnement IDRISI fournit une analyse de
changement a travers la différenciation de
paires d'images. Pour les deux images de 1986
et 2007 et en appliquant ce module sur les
indices de brillance de I'ACP et de la TCT,
quatre images peuvent étre produites :la
différence, le pourcentage de changement, les
anomalies standardisées (z-scores), et les
anomalies standardiséesclassifiées en 6classes
(Tab. 1).La standardisation ou z-scores est la
méthode la plus communément utilisée, qui
convertit tous lesindicateursen une
échellecommuneavec une moyenne dezéroet
un écart-type égal aun.

Toutes les valeurs de :

Ajuste moinsde :

Nouvelle Valeur
1 -999
2 -2
3 -1
4 0
5 1
6 2

-2
-1
0
1
2
999

Tableau 1. Anomalies standardisées classifiées ensix classes sous environnement
IDRISI Selva® : Module Imagediff
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Les produits de la différenciation des indices de 1986 et 2007par la différence d'images

(récente moins ancienne) sont comme sulit :

L

Figure 7. La différence(récente — ancienne) desindices de brillance de la TassCapdes images
Landsat TM 1986 et 2007 par le module Imagediff sous environnement IDRISI Selva®

SREsikRILERRERLER

Figure 8. La différence (récente — ancienne) desComposantes 1 de I'ACP des images Landsat
TM 1986 et 2007 par le module Imagediff sous environnement IDRISI Selva®
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Les produits de la différenciation des indices par les anomalies standardisées classifiées sont

comme suit :

n &

- -

Figure 9. La différence par les anomalies standardisées classifieesdesindices de brillance de la
TassCap des images Landsat TM 1986 et 2007 par le module Imagediff sous environnement

IDRISI Selva®

o
HUTE
tila

oy e - ’\" -

Figure 10. La différence par les anomalies standardisées classifiéesdesComposantes 1
de I'ACP des images Landsat TM 1986 et 2007 par le module Imagediff sous environnement

IDRISI Selva®
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3. Résultats et Discussion

La detection des changements, utilisant des
données multi-temporelles du méme capteur
avec la méme résolution spectrale et spatiale
pourdiscriminer les aires de changement
d'occupation du sol entre les dates des images,
couplée avec une interprétation visuelle des
images Landsat nous a permis d'identifier les
aires menacées parla désertification dans les
régions désertiques. En développant une
analyse détection de changement sur des
imagessatellitaires, il est important de
considérer tous les facteurs qui peuvent affecter
les scénes dela méme zone. Dans notre étude,
les résultats confirmentque la migration et
I'accumulation des dunes sont renforcéespar
laprésenceunrégime de vent réversible.
L'extension des dunes, illustréesur les images,
montre des modifications significativesaussi
biendans la forme ou le pattern des dunes.
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D'autant plus,

I'analysedénoteune
augmentation globalede la distribution des
sablesavec une perpétuelle capacité

d'organisation. Il est clairde Il'impact
anthropogénique associéauxrisques
climatiquesdans uncontexte écologique
pastoral menace par ladégradation.

Le suivi de I'ensablement dans l'aire du point
d'eau Jaouacha a révélé une nette variabilité de
la distribution spatiale (risques variables), une
rétroaction sécheresse-surexploitation couplée
avec une forte érosion éolienne. Les dégats du
surpaturage et le défrichement des parcours par
mise en culture sont explicitement visibles.
Aussi, la redistribution des sables a donné une
évolution en dunes dans la direction (S-SO),
fortement influencé par le régime des vents
dominants.
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Planning of Shelters Sites and Evacuation Routes
Using Remote Sensing and Geographic
Information System: Shareq ALneel LocalityKhartoum_Sudan

Wathela Hamed Osmant and Amna Ahmed Hamid?

Abstract:

This research was carried out after the occurrence of a severe flash flood event on August 2013 in
ShareqAlneel locality which is located in the northeastern part of Khartoum state. The flood caused
losses and casualties with complete absence of specific resort sites and secure routes to evacuate the
residents during evacuation operations. The main objectives of this research were to determine the
optimum location for shelters and secure routes for evacuation. Remote sensing data, DEM from
ASTER and high resolution images from Google Earth, and Basic mapsof Shareg ALneel locality's
(boundary, streets, administrative units, populated area) in addition to land use and census data
were integrated in a geographic information system (GIS) environment. All data was analyzed
using different functions of ArcGIS tools in order to determine the suitable sites for shelters and
evacuation routes that facilitate evacuation and rescue operation if the study area exposed to flood
in the future. The results showed that eight shelters sites and fiveevacuation routeswere identified
according to model criteria thatsuggested shelter sitesto bewithin relatively high and vacant area,
nearest to the threatened areas and have continues surface (not isolated) with an area of at least two
kilometers, and the evacuation routes are the shortest and connected to major road. Those Shelters
and evacuation routes can easily be marked on the ground and establish to meet the requirements of
evacuees. The research concluded that remote sensing and GIS technology can be used efficiently
to facilitate proper planning of evacuation and rescue operations prior to disaster.

Key words: floods, remote sensing, GIS, shelter sites, evacuation routes
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1. Introduction:

The earth is a combination of different natural systems which occurred uninterrupted before the
existence of human beings. Geophysical events such as flood, earthquakes, volcanic eruptions,
landslides, spread and retreat of water along the river plains took place as a part of natural systems.
This continued for millions of years before the human presence transformed not only the natural
systems or phenomenon, but also gave the geophysical events of the past a new meaning and term
“natural hazards” (Pandey, 2009).People and the environment are increasingly suffering from the
effects of natural disasters. There are a number of reasons for this such as high population growth
and density, migration and unplanned urbanization, environmental degradation and possibly global
climate change.(IFRC, 2001)

Flash flood environments can be very dangerous and often the choice of emergency management
strategies can be difficult since this decision is often a choice between bad options. (Manual 22 _
Flood Response I, 2009)Remote sensing and GIS techniques have become the key tool for flood
management in recent years. It is widely used for flood area delineation, floods monitoring and
mapping which provides the best ways and tools that allow forecasting and determining the disaster
and its dimensions and the secure routes to rescue and evacuate of population.When the disaster
occurs, the important issue is to rescue the population in the disaster area, which will be very easy if
we have basics knowledge about the terrain and thebarriers of the area.

Historically Khartoum state was exposed to many floods in 1942, 1988, 1994,
1998, 2001, 2007 and 2013. some of this were normal while others were very
destructive such as 1988 flood http://en.wikipedia.org/wiki/2007_Sudan_floods. In
August 2013 the floods were particularly severe, see figure (1). More than 15,000
homes in Khartoum are reported destroyed, with thousands more damaged. The
most damage in Khartoum occurred in Shareq Alneel, Ombadah, and Karari (some
of Khartoum localities). The capital Khartoum was reported to be suffering its
worst flooding in 25 years. Khartoum is vulnerable to flash floods because of poor
drainage and urban planninghttp://en.wikipedia.org/wiki/2013_Sudan_floods

FLOOD WATERSE OVER
KHARTOUM STATE, SUDAN =
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The study was conducted using data from different sourcesincluding remote sensing data in form of
DEM and high resolution data from Google earth and set of GIS layer applying geoprocessing
operations to design the evacuation routes map.Geoprocessing model can be used to automate, run,
and re-run a GIS process;this is especially useful for complex data processing flows that need to be
executed rapidlyduring an emergency.http://www.emprints.hawaii.edu/. The study was conducted
to achieve the following objectives:

e Todetermine areathreatened by flood.

e Todetermine optimum locations for the shelters.

e Todetermine the best and secure routes between the threatened area and the shelters.

2. Study area:

Shareq Alneel is located in the northeastern part of Khartoum state, bounded bylatitudes 15°41'
58.32 N, 16°37'5.79 N and longitudes 34°23 ' 35.12 E,32°34'38.29 E figure (2) shows the location
of the study area. The study area covers approximately 8188 km2which is equivalent of one third of
the area of the Khartoum state. It is dividing into two sections:Urban section that represents 62% of
the population and Rural section which represents 37% of the locality population and its residents
depends on grazing and agriculture in their life. The population of Shareq Alneel locality is 868147
inhabitants according to 2008 census and they represent 16% of the population of Khartoum State.

The topography of the area is flat with small slope in the elevations from 287 to 420 m above Mean
See Level (MSL), above that the slope increase relatively to 500 m MSL, the area located above that
has extreme steep slope. The soil in general is a sandy. Older and stabilized sand dunes are the
dominant, while older Nile deposits are the most fertile clay soils.(Eltyeb, 2002). The area has a
semiarid climate with extreme hot summer and warm winter.Annual rainfall ranges from 100 to 300
mm. rainfalls in autumn 2013 were recorded at three stations;Alelafon: 192.3, Alhag Yousif: 158.5
and Soba shareg: 191.7 by mm). Last decade showed a trend of rainfall increment.(Sudan
Meteorological Authority, 2013)
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Figure (2) Location map of Shareq Alneel Locality
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3.Materials and Methods

The main data used in this studywas theGlobal Digital Elevation Model (GDEM) and the high
resolution image from Google earth 2014 in addition to the basic maps of Shareq Alneel Localityin
form ofGIS layers that include Locality Boundary shape file, Administrative units shape file, Land
use shape file (2007), Populated area shape file and Streets shape file (not completed).ARC GIS
Desktop 9.3 (ARC MAP, ARC Tools, ARC Catalog and Google Earth Pro 7.1.1.1888 were used for
data preparation updating and analysis. The adopted method comprises three steps, firstly data have
been collected from different sources converted to uniform coordinate system and some of the
missing or incomplete data have been updated through digitization process using Editor Tool which
allowscreation and modification of vector data. Improvement and completion of land use map
mainly building and roads were achieved in this step using the existing shape file and the high
resolution data from Google earth.

The second step is the setting and implementation of model criteria for selection of optimum
shelter site and evacuation route. Based on data analysis and field observation, it was recognized
that the flood of 2013 inundated most of Sharq Elneel Locality areas that have elevation below 390
meter, however the suitable sites for shelters should be near to the populated area and with elevation
higher than 394 meter and less than 421 meter. Whereareas above 421m are far from the populated
area and have steep slopes. The study applied this criteria for the determination of shelters sites
using GDEM to produce two classes according to elevationthose are: Classl: areas which have
elevation less than 394m above mean sea level (MSL) andClass2: the suggested locations for the
shelters which have elevation from 396m to 420m above MSL where different ArcGIStools were
used. Figure(3) shows the model tools.

The final step is the delineation of the secure evacuation routes, using the land use map,
populated area, the street layer and the output of the model (optimum shelter site and flood threaten
area).ArcGISTools of enlargement, exploring and comparing of maps the evacuation routes have
been determined and delineated. Through the process of merge and adoption of the criteria that
suggested the shortest pass connected to main road, the output of the secure evacuation routeswas
achieved.

Figure (3) Model's tools
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4. Results and Discussion

4.1 Determination of optimum locations for shelters:

The study assessed the topography of the study area using DEM of the study area. Three zones
are clearly identified based on their elevation. The model output figure (4) shows the threatened
areain (blue) which has an elevation less than 394meter MSL and the suggested sites for shelters (in
green color) that have elevation greater than 394 meter MSL and less than 421 meter (the areas
above 421 meter have steep slopes),and the third zone is the elevated area in range of black and
white color. The threatened and the suggested shelter areas are located in the western part of study
area.

Land use shape file of Shareq Alneel locality which was updated and validated via Google earth
imagery of 2014 has been used to determine the vacant sites where the shelters sites must be located.
Figure (5) shows the vacant areas in yellow color. Theland use shape file was merged with the model
output (Two Classes) to determine of the optimum locations which should be within the suggested
site (Class2), and located in Vacant area, nearest to threatened areas and has continuous surface
(not isolated) at least two kilometers. Another important criterion which is considered is location of

' LN ns
R T g g o P

Figure (4) Threatened and suggested shelter areas in Shareq ALneel Locality

Eight optimum locations for the shelters were identified and found to be in conformity with the set
criteria where they are located in vacant areas that are within the specified elevation and within the
populated area. The shelters locations as shown by figure (7) have been determined considering
which sites are nearest to threatened areas, and has continuous surface (not isolated) at least with an
area of two kilometers. The verification of shelters locations was done using Google Earth to ensure
that they are located in the desire locations (vacant area and suitable elevation).
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Figure (6)Vacant and Populated areas

4.2 Evacuation routes:

Five evacuation routes were suggested and delineated in this study integrated streets, populated
area layers and merged together with the optimum shelter sites as illustrated in figure (8).
ArcGISTools of enlargement, exploring and comparing of maps the evacuation routes have been
determined and delineated considering that the routs should be: Shortest, and Connected with the
major roads. Figure (8) shows evacuation routes that connect the threatened area and shelters
locations.
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5. Conclusions and Recommendations:
The shelters represent the safety resort which offers convenient place to live within the time of the
flood.Evacuation routes have important role to execute the evacuation and rescue operations
adequately during floods, which offer secure roads to facilitate movement of evacuees. Other
shelters sites and evacuation routes can be determined based on different criteria and
considerations.GIS modeling functions integrated with remote sensing technology could be easily
used to facilitate evacuation and rescue operation.Based on the study the following are highly
recommended:
1. Sheltersand evacuation routes must be carried out on the ground.
2. Shelterssites should be established to meet the welfare needs of evacuees.
3. Use remote sensing and GIS to determine areas threatened by floods over all the country
and map flood prone area.
4. Intensive future researches and studies are highly recommended in evacuation routs and
shelters locations over all flood threatened areas in Sudan.
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Résumé:

La Tunisie demeure un pays aride a semi-aride sur pres des trois quart de son territoire. Elle se
caractérise par la rareté de ses ressources en eau et par une variabilité accentuée du climat dans
I'espace et dans le temps. L'eau est un facteur essentiel pour le développement du secteur agricole,
industriel et touristique et vital pour I'alimentation en eau potable. Le maintien de la croissance
économique reste tributaire du facteur eau qui est cependant un facteur limitant et limité.

Le présent travail correspond a une étude du bassin de la moyenne vallée de la Medjerda a l'aide de
la combinaison des données de terrain, coupes géologiques, log lithostratigraphique, portions de
cartes géologiques, couplés avec un traitement minutieux des imageries satellitaires Landsat 8 et
une modélisation par SIG, permettant la caractérisation du bassin étudié.

Les résultats obtenus des divers traitements SIG nous ont permis d'établir :

® | amodélisation hydrologique proposée dans ArcGis par I'extension Arc Hydro.

® |a dynamique des écoulements des eaux de surface qui contribuent a I'alimentation des
systémes hydrauliques souterrains suite a une étude hydrodynamique de la moyenne vallée
de laMedjerdaen utilisant I'outil Surfer et ArcGis.

Les résultats obtenus des divers traitements des imageries satellitaires Landsat 8 ont permis d'avoir
des interprétations considérables pour la cartographie lithologique, I'analyse morphologique,
structurale et I'étude hydrologique. Les premiéres constatations relevées se rapportent sur le type
d'information et des techniques employées.

Mot clé : SIG — Télédétection — Mission de Topographie Radar de la Navette
Spatiale (SRTM) — Tectono-linéament
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1. Introduction

Pendant la derniere décennie le systéme d'information géographique (SIG) est devenu un
domaine primordial en Tunisie, un outil indispensable d'aide & la décision, d'extraction des
informations et de la mise a jour des données. L'élaboration du Modéle Numérique de Terrain
(MNT) constitue I'élément de base du SIG et fournit des informations topographiques tres
importantes. La troisiéme dimension permettra d'apporter un peu plus de réalisme etde lisibilité. 11
intervient dans la maitrise des problemes aussi divers que la gestion, distribution et
I'assainissement, la délimitation de bassins versants, les écoulements, I'aménagement du territoire,
le remaniement parcellaire (EI Morjani, 2003). La demande pour les modéles numériques
d'altitudes s'accroit de maniere spectaculaire avec I'utilisation des systemes d'informations
géographiques (SIG) et avec I'amélioration de l'information extraite des données d'altitudes
(cartographie des zones d'inondation, des zones forestieres, de I'érosion, cartographie des
failles,...). Le but principal de lamodélisation est de représenter la surface naturelle de laterre de la
maniére la plus exacte et la plus précise (Khemiri, 2014).

La télédétection est utilisée de maniére croissante dans différents domaine ; des dizaines de
satellites d'observation de la Terre sont en orbite et fournissent en permanence des milliers d'images
pour des applications militaires mais aussi de plus en plus pour des applications civiles telles que la
gestion des ressources naturelles, la climatologie, l'océanographie, la géographie ou la
cartographie.

Discipline d'acquisition d'images en plein développement, la télédétection trouve ses
meilleures applications en géomorphologie et en géologie. Ainsi, la cartographie géologique, qui
cherche a identifier et décrire les différents types de roche dans une région donnée puis a la mise en
carte des données géologiques recueillies sur le terrain, est passée de son aspect classique basé
uniquement sur des missions de terrain et les photos aériennes, ce qui s'avére étre un travail long et
complexe, aun nouvel aspect basé sur les images optimisées par I'application de tous les traitements
numériques, fondée sur leur sélection en mode interactif et le numeérique facilitant la confection de
telles cartes et lamise & jour des données.

Dans ce contexte, le travail que nous présentons s'inscrit dans une démarche systématique de
traitement des modéles numériques d'élévation et de cartographie des paramétres topographiques et
hydrographiques des bassins versants et I'étude de I'évolution des ressources en eau de la moyenne
vallée de la Medjerda. La mise en place d'un SIG permettra une meilleure connaissance et une
meilleure exploitation de l'eau. Ces cartes et ces images dérivées seront exploitées pour la
génération de Modéles Numériques d'élévation par les techniques d'interpolation et
d'interférométrie. Ainsi, les divers traitements des images satellitaires Landsat 8 sont utilisés pour
les interprétations pour la cartographie lithologique, I'analyse morphologique, structurale et I'étude
hydrologique.
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1. Matériels et Méthodes
1.1. Zoned'étude

La plaine de la moyenne Medjerda occupe une position importante dans le Nord de la Tunisie.
Elle est située entre deux domaines structuraux majeurs : la zone des nappes au Nord et la zone des
diapirs au Sud ; elle est considérée comme un bassin mollassique (Rouvier, 1977 ; Ben Ayed, 1986)
ou ce sont accumulés les débris de démantélement des reliefs et aussi interprétée comme un fossé
d'effondrement Plio-Quaternaire (Castany 1954).

Figure 1: Localisation géographique du bassin de la moyenne Medjerda
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Figure 2: Coupe géologique relevée a travers I'Oued Medjerda, passant par Ragoubet Hachene
et Henchir Salema ; localisation sur la carte géologique de Mejez El Bab au 1/50000
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Figure 3: Coupe géologique levée a travers I'Oued Mejerda, passant par Jebel Al Aroussia ;
localisation sur la carte géologique de Tébourba au 1/50000

Les coupes géologiques (Fig.2 et Fig3), réalisées a travers I'Oued Medjerda, montrent
I'extension des hautes et basses terrasses organisées en systéme de terrasses emboitées. Ces
derniéres sont formées par des graviers, des sables, des argiles et des silts de la plaine d'inondation.
De méme le systeme pléistocene est formé par des graviers, des argiles et des silts qui sont des
matériaux de comblement des paléo-vallées et des alluvions transportés par ruissellements. Au-
dessous de ces terrasses, le Pliocene, épais d'environ 60m, est formé essentiellement par des
conglomérats intercalés par des lits de graviers, de sables et de grés jaunatres.

1.1. Acquisition des données

Les données utilisées dans ce travail sont :

® |a Mission de Topographie Radar de navette Spatiale (SRTM) a obtenu des données
d'élévation a une échelle quasi-globale pour générer la base des données la plus compléte
de laterre a haute résolution numérique topographique.

® Des cartes topographiques au 1/50 000 déja géoréférencées, découpées et mosaiquees, des
cartes géologiques au 1/50 000, des données descriptives des caractéristiques géologiques
ethydrogéologiques des forages.

® Les scenes LC81910352013103LGNO1 (Scéne TEBOURBA) et
LC81920342013103LGNO1 (Scéne MJEZ EL BEB) de Landsat 8 acquise le 09 juin 2015.

1.2. L'apportdes SIG
1.2.1. Lemodéle numériqueduterrain (MNT)

Un modeéle numérique du terrain (MNT) (Fig.4) est une carte indiquant la forme brute du
terrain, sans construction ni végétation. Il permet I'extraction des paramétres du terrain, la
détermination des indices topographiques et la création de cartes en relief. 1l nous donne par
conséquent un schéma du modéle d'étude, en indiquant les parametres caractéristiques du bassin
versant, les réseaux hydrographique et le sens d'écoulement.
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a) Mode Raster by Maode TIN

Figure 4: Le Modéle Numérique du Terrain de la moyenne vallée de la Medjerda

Les principaux reliefs de Nord au Sud sont :
® Jebel EI Annserine et Jebel Boulahouajeb au Nord
® Jebel Bessioud, Jebel Rihane, Jebel Hougafa et Jebel EI Asooued a I'ouest
® Jebel Es Sfah, Jebel Laoueche, Jebel Kremi Bou Kennfoud, Jebel Briouigue, Jebel Es Skrira
et Jebel Oued Ez Zerzour au Sud.
® Jebel Mahrine, Jebel Maouane, Jebel Aziz, Jebel EI Mabrouk et Jebel Rouissat a I'Est.

Le MNT montre des altitudes qui varient entre 13 m et 752 m. Les zones les plus élevées
correspondent aux crétes de Jebel Boulahouajeb, alors que la zone la plus basse est la plaine de la
Moyenne Medjerda. Ces reliefs représentent les lignes du partage des eaux qui drainent les affluent
vers le bassin versant de la moyenne vallée de Medjerda ou la topographie devient presque
horizontale.

2.3.2. Investigation des linéaments
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Figure 5: Carte linéamentaire a partir du produit Figure 6: Carte linéamentaire a partir du réseau

SRTM hydrographique
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La carte linéamentaire établie a partir de I'analyse du réseau hydrographique de la moyenne
vallée de laMedjerda (Fig.6), montre des tectono-linéaments de directions majeures
E-W et NW-SE.

La carte établie a partir du produit de SRTM (Fig. 5), fait apparaitre un nouveau réseau de
tectono-linéaments de direction NE-SW, presque paralléle a la direction de drainage des eaux du
bassin de lamoyenne Medjerda.

2.4.L'apportdelaTélédétection

2.4.1. Cartographie structurale et gé¢omorphologique

Celasetraduit qu'apres les divers traitements suivants :

Prétraitements des données images & Corrections radiométriques et atmosphériques
Compositions colorées

Analyses en composantes principales

les ratios de bandes spectrales

Filtrage directionnel & rehaussement d'images

Figure 7: Carte linéamentaire a partir de I'imagerie satellitaire
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La figure 7 montre quelques exemples représentatifs d'éléments structuraux cartographiés, a
partir d'images filtrées et rehaussées de Landsat 8 et des produits dériveés par effet d'ombrage " Hill
Shade" sur I'image Radar SRTM de 30 m de résolution spatiale.

Elle témoigne de I'existence de trois familles directionnelles des linéaments :

® Unefamille E, W, d'extension kilométrique qui montre un jeu décrochant normal

® Unefamille NE-SW dotée par un jeu normal délimitant les bassins sédimentaires
etun jeu décrochant dextre.

® Unefamille NW- SE généralement a jeu décrochant senestre.

3. Conclusion

Pour une meilleure gestion des ressources en eau souterraine, on a besoin d'informations
détaillées, fiables et bien organisées sur I'état de I'environnement hydrogéologique. Dans cette
optique, le présent travail a permis de produire une série carte thématique a partir des images
satellitaires Landsat 8 sous forme de cartes numériques.

Les outils géonumériques (SIG 2D/3D, Télédétection) constituent donc un outil essentiel
d'aide a la décision et dans la gestion durable de I'eau, tant par leur contribution aux activités
d'analyse que pour la prévention.
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International Conference & Exhibition
Advanced Geospatial Science & Technology (TeanGeo 2016)

18-20 October 2016
CEQ 1016 Tunis, Tunisia

International Conference & Exhibition -TeanGEO 2016
Advanced Geospatial Science & Technology

The International Conference & Exhibition - TeanGEO 2016 will be held from October 18" to 20", 2016
in Tunis—Tunisia.

The event will cover the latest technology developments, applications, commercialization progress, end user
requirements and challenges for Geospatial Science & Technology.

TeanGeo 2016 Conference will offer participants an ideal opportunity to learn about recent advances, likely
future developments and potential research avenues.

The topics will span the multiple disciplines within the Geospatial Science & Technology field. The all three
plenary sessions begins with a morning keynote speaker.

Don't miss this great opportunity open to all producers, suppliers, trainers and users of Geospatial Science &
Technology such as researchers, decision makers from government entities, the academia, and international
organizations, to meet industry experts and learn about the latest technologies.

For more details about the TeanGEO2016 topics pleasevisit our website http://www.teangeo.org.
International Conference & Exhibition - TeanGEO 2016 will feature:

®  Plenary sessions with internationally renowned speakers

®  Extensive parallel thematic workshops / symposia

® Industrial Sessionwith focus on Geospatial Science & Technology
® Anlnternational exhibition.

Abstracts submissions for oral and poster contributions are open until January 15th, 2016. Submit your
abstract online via the online conference manager available at www.teangeo.org (to be opened soon).

Highly ranked Plenary/Keynote/Invited speakers confirmed their attendance including :
®  Prof. Georg Gartner (Vienna University of Technology, Austria)
® Dr.Dave Thau (Google Earth Engine, USA)

® DrRidhaTouzi(Natural Resource Canada, Canada)
Please visit our website http://www.teangeo.org for further details about the Plenary/Keynote/Invited
Speakers.

Do not miss the chance of joining the Exhibition and the industrial session.

For the exhibition, contact us asap as the booths will be assigned on a first come, first served basis. We have a
great Early Bird Fee, which can save you up to 25%. Reserve your place until January 31, 2016.

Forany inquiry about the exhibition and sponsorship options, please send us an email at info@teangeo.org .

January 15th, 2016:  Abstract Submission Deadline

February 15th, 2016: Abstracts Accept Notifications

May 15th, 2016: Full paper submission deadline

June 15th, 2016: Early bird conference registration fees rate deadline

Make sure you don't miss the deadlines and plan your trip to Tunis next October 2016.

Do you have a friend or colleague that might be interested? Please send him this flyer to keep him updated.
We look forward to have you with us in Tunis!


http://www.teangeo.org/

