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GIS Automation of Drainage Busin of Wadi Alam, Red Seq DR Aluned AMeharrem

ABSTRACT

(Geographical information systems (GIS) are extremely
important tools in ‘many Geographical, Environmental, and
Geomorphologic applications such as The Automated
Drainage Network and Watershed Extraction . The basic
entity in such applications is the watershed which is cither
manually delineated on topographic map sheets or derived
from digital elevation model (DEM) data using
computational methods.

This paper, present a general methodology for the
generation  of  Automated Watershed and  Drainage
Extraction (AWDE) starting from producing digital
elevation models (DEMs), and ending to producing drainage
watershed and drainage network maps from depression less
DEM. The selected watershed - wadi Alam - is about
412Km". and including flat areas and depressions along the
valley bottom, and tlat areas near drainage divides. The
depressions are usually artifacts of the DEM and have been
removed by raising the elevation of the ceils within the
depression to the elevation of the lowest outlet cell of the
outside edge of the depression.

The paper also have assessed the accuracy of the
Automated Extraction of Watershed, Drainage Network. and
Morphometric Paramcters of Wadi Alam red seca Caypt,
using the calculated deviation percentage of the automated
parameters and the one defined by the blue-line mcthod on
the Egyptian topographic map shects. Both of visual check
and quantifative assessment are pointing oul that the
extraction accuracy was more than 97.4%, and the
Automated Basin area is accurate to 99.7%.
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1- Introduction: |

a) problem Definition

All geomorphologists are facing a very tedious work,
time consuming, and subjective task, through drainage basin
and network delineations from the topographic maps

particularly for large watersheds, in addition to a serious

project time problems, and inaccurate drainage basin and
network delineations, because of there are many crroncous
catchments areas neglected (subtracted) from the rcul basin
boundaries, or added via clipping from the adjaccnt basins
wrongly according to the geomorphlogist experience.

This study attempts to automate the geomorphlogist
manual delineation work and quantify location, boundaries,
and characteristics throught the derivation and gencration of
various thematic data base in GIS format, besde the
estimation of GIS automation accuracy, applied on Wadi
Alam as hilly and mountainous region.

b)Previous Work:

Although there are not previous literature dealing with
the research problem applied on Wadi Alam specifically,
there are various quantitative methods have been developed
for characterizing the morphology of land surfaces (I:vans
1972, Mark 1975, Dole and Jordan 1978, Papo and Gelman
1984, Elghazali and Hassan 1986, Zevenbergen and Thorne
1987, McNab 1989, 1993, Fels 1994) and for extracting
hydrogeomorphologic  characteristics  from  digital
topographic models (Jenson and Domingue 1988, Skidmore

1990.
¢) The Study Area

Wadi Alam 18 located in the central Eastern Desert of
Egypt and lies entirely within the Egyptian Red Sca
Catchment's Arca. The Area is dissected by numcrous
pronounced valleys (Wadis) that initiate [rom the
mountainous basin and run towards the Red Sea following

-{¥i—



IS Awtomation of Drainage Basine of Wadi Alam, Red Sea’ DR Almed Moharrem

the general eastwardly slope. Wadi Alam is limited from the
east by the Red Sea and from the west by the River Nile-Red
Sea Water divide. Wadi Alam also is bounded by Wadi El
Nabe El Sagheer (Dubur), and Wadi Ijlah on its northern
divide, and by Wadi Ghadir, Wadi Samadai on its southern
divide. Wadi Alam takes an elongate area lies belween
latitude 24° »./ YA and latitude 20° + £/ .o and between
longitude Y<° Y'Y/ ¢ and longitude Y£° ¥v/ 4 ) Fig. (1).

2- Methods and Resuits:

2-1 Vectorization and building a Geographic
Database

Creation of a DEM from a topographic map requires that
the elevation contours on the topo map be somchow
converted to xyz data. This is done using a multi step
process. The raster elevation contours must (st be
converted to vectors. Next, the vector contours must be
“tagged” with their corresponding elevation values. The
tagged vector data is then transferred to a superimposed grid
by an interpolation algorithm. Finally, the gridded clevation
values are written to some type of common G1S format. The
Egyptian data set that used to implement the vectorization
step and building Wadi Alam geographic databasc are the
topographic series 1 : 50 000 that produced by the Fpyptian
General Survey Authority (EGSA) incorporated with
Finland FINNIDA Agency. Specifically, the current paper is
handled the following 6 topographic sheets: Marsa Alam
(NG36 Hi1b), Jabal al-Aswad (NG36 Hla), Jabal lumr
Wajjat (NG36 G3b), Jabal Ghadir (NG36 D4d). Jabal
Nugrus (NG36 D4c), Jabal Midarjij (NG36 Cé6a), this data
set are compiled from aerial photography taken in 1988 with
vertical interval 20 meter contours , the digtized vector
contour layer is presented in (Fig. 2) Wadi Alam Contour
Map, All digitized layers are transformed trom UTM

—YVY-
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GIS Automation of Drainage Basin of Wadi Alam, Red Sea DR Alimed Molarrem

projection, Helmert ellipsoid 1906, national geodetic
network (AzZahra, 1874} as a Horizontal Datum, and the
Mean. Sea Level (Alexandria, 1906) as a vertical Datum, to
Universal Transverse Mercator (UTM), Zone 36 300000
North, False Easting, 0 False Northing,
33Central Meridian, Meter Linear Unit, and World Geodetic
System 1984 as Ellipsoid and Datum. And finally the study
assigned the following Coordinate parameters for lavouts
and results presentations: Geographic Coordinate System:
GCS_WGS 1984, Datum: D WGS 1984, and 0 Prime
Meridian. Angular Unit: Degree. As shown in [igure (2)
which is cntitled with the contour map of Wadi Alam.

2-2 Digital Elevation Mapping:

Digital elevation maps or models (DEMs) are arrays of
numbers representing the spatial distribution of terrain
elevations. They can be seen as grey scale images whereby
the value of a pixel represents an elevation rather than
luminance intensity (the brighter the gray tone level of a
pixel, the higher the elevation of the terrain point
corresponding to this pixel). (Moore et al., 1891).

The terrain surface model is most commonly
described either as a DEM, or as a digital terrain model
(DTM) in litcrature. The form of DEM is defined as a
regular two dimensional array of heights sampled above
some datum that describes a surface. The other description
of DEM is regular gridded matrix representation ol the
continuous variation of relief over space. On the other hand,
the form of DTM coentains elevation information with the
addition of some explicit coding of the surlace
characteristics such as breaks in slope, drainage divides ete.
Examples of DTMs include the triangulated irrcgular
network (TIN), digital contours with form lines, and the rich
line model of Douglas that uses ridge, valley and form lines
to define an elevation model(Wood,1996).

-YYi-
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The contour lines and spot height points of the Wadi
Alam area were merged together and a composite map
having information about contours as well as spot height was
formed. This combined map was further interpolated at 20-
metre pixel resolution using map interpolation function
available in Erdas Imagine software version 8.5 to generate a
DEM of the study area as shown in figure (3) which is
entitled with The Digital Elevation Model of Wadi Alam.
2-3 Sink Mapping and Sink filling:
Preprocessing the DEM is one of the importunt steps
needed to be carried out as a first step in auwlomatic

extraction of drainage networks and delineation of

watersheds.

In this step the created DEM was further checked for
flats and pits present in it. Since the area lies in sieep
mountainous terrain, only few flats and pils were observed in
Wadi Alam DEM. The Spatial analysis of sink mapping
have been donc, and showes that the Wadi Alam arca DEM
contains 21 depressions.

The sink filling analysis using Jenson and
Domingue{1988) approach have been done by Hydrological
Modeling script which is operating under Spatial Anulysis
module to eventually generate depression less DEM figure
Q).

These flats and pits were then removed using iteralive
map calculation functions of Hydrological Modeling
software to fill the sinks and final DEM was gencrated.
Removal of flats and pits in a DEM is necessary Lo maintain
continuity of water to the catchment outlet from any point
inside the catchment.

2-4 Flow Direction Mapping:

One of the keys to deriving hydrooeomorphoi ogic
characteristics about a surface is the ability to determine the
direction of flow from every cell in the raster. This is done

-¥Yo-—
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with the Flow Direction function of Wadi Alam as itlfustrated
in figure (4).This function takes a surface as input and
outputs a raster showing the direction of flow out of each !
cell. If the output drop raster option is chosen, an output
raster is created showing a ratio of the maximum change in
elevation from each cell along the direction of flow (o the
path length between centers of cells, and is expressed in -
percentages. 1f the force all edge cells to flow outward
option are chosen, then all cells at the edge of the surlace -
raster will flow outward from the surface raster.

There are eight valid output directions, relating to the
eight adjacent cells into which flow could travcel. This
approach is commonly referred to as an eight direction {18)
{low model and follows an approach presented in Jenson and
Domingue (1988).

The direction of flow is determined by finding the
direction of steepest descent, or maximum drop, from cach
cell. This is calculated as:

Maximum drop = change in z-value / distance

If the maximum descent to several cells is the sume, the
neighborhood is enlarged until the steepest descent is found.
When a direction of steepest descent is found, the outpul cell
is coded with the value representing that direction. I all
neighbors are higher than the processing cell, the processing
cell is a sink and has an undefined flow direction. So, (o
obtain an accurate representation of tlow direction across a
surface, the sinks should be filled. (Jenson, S.K. and
Domingue, J.0., 1988)

2-5 Flow Accumulation Mapping:

This GIS function makes use of the flow dircction data
set to create the flow accumulation data set, where cach ccll
is assigned a value equal to the number of cells that [Tow to
it. Cells having a flow accumulation value of zero (to which
no other cells flow) generally correspond to the pattern of
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ridges. Because all cells in a depressionless digital elevation
data set have a path to the data set edge, the pattern formed
by highlighting cells with values higher than some threshold
value delineates a fully connected drainage network. As the
threshold value is increased, the density of the drainage
network decreases. Another complimentary step can help
that called “flow delta value™ this procedure produces a
difference value data set. Delta value is the amount of
increase in flow accumulation value in the flow direction.
This data set 1s useful for automatic seed gencration and
pour point table calculation. ( P.Venkatachalam et al, 2001)
2-6 The Automatic Extraction of Drainage Network:

The pattern formed as a resull of Wadi Alan: I'low
accumulation mapping and the highlighting cells mcthod
with values higher than some threshold value delineates a
fully connected drainage network. The drainage network is
defined by those cells in the matrix that have {low
accumulation value greater than the user defined threshold
value. The network cells which do not receive inflow {rom
any other network cells are identified as source nodes or the
upstream ends of the first order channels.

Stream links are the sections of a stream channel
connecting two successive junctions, a junction and the
outlet, or a junction and the drainage divide.

The numbering of stream junction nodes and the
ordering of the stream network has been carried out using
Shreve — Strahler stream ordering System.

2-7 The Automatic Extraction of Watershed:

A drainage basin 18 an area that drains water and other
substances to a common outlet. Other common terms or a
drainage basin are watershed, basin, catchment. or
contributing area. This area is normally defined as the total
area flowing to a given outlet, or pour point. An outlet. or
pour point, is the point at which water flows out of an area.

~Y{VA—
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This is usually the lowest pomnt along the boundary of the
drainage basin. The boundary between two basins is referred
to as a drainage divide or watershed boundary (Arc info 7.2
1998, P 7-16.). The pattern formed as a result of Wadi Alam
Drainage Basin mapping and the highlighting cells method
with values higher than some threshold valuc delincates a
fully connected drainage Basin, as Wadi Alam Watershed
llustrated m {igure(4).

3-The Morphometric Characteristics and

Accuracy Assessment:

Automated delineation of drainage network and
watershed using digital elevation model has been described
above but here the paper focused on the selected parameters
(Morphometric  Characteristics) used to measurc and
compare both the aulomated and manual networks and
watersheds which are listed in table (1).

The GIS sofiware packages which are dealing with the
Hydrogeomorphological Modeling have many results
discrepancy, meanwhile its function similarity, so the
performance of Arcview GIS Add-on software Module
namely BASINI, Arcinfo, and Arcgis are evaluated by
comparing the generated watershed, channel network. and
other derived parameters to those obtained by traditional
evaluation methods using 1 : 50

000 topographic scale sheets. The Accuracy Asscssment
performed through the deviation calculations by subtracting
of automatic values from manual ones, then dividing the
result on the manual value as a validation basc. then
multiply all by 100 to get the deviation percentage.

Therc are many traditional methods for channel
network mapping such as contour crenulations and slope
analysis , but they have limitations , so The Blue- 1.ine
Method (Morisawa, 1957) was selected because it is the

AT
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simplest and the most familiar with the geomorphologist
work, and despite The Blue- Line Method limitations, it is a
standard  that is readily available for most Egypt’s
watersheds, extending over several topographic sheets
which are surveyed with the following standard scales
1:100000, 1:50000, 1:25000 respectively.

However, the final results interpreted from table (1)
reporting that there are three main comparison and accuracy
outputs represented as follow:

a- Manual Advantage: this category comprising ail
parameters that have got negative difference values which are
varied internally in order to, the largest negative differcnce is
found for Hypsometric Integral with value (-6.2), and the
smallest negative differences are found for Drainage density,
basin maximum length, Basin perimeter, Ruggedness value,
Basin Area, with values (-2.6), (-1.8), (-1.36), (-1). (-0.3)
respectively, the last deviation value means that the Basin
area is Automated extracted as accurate as 99.7% . This close
agreement shows the power of GIS accuracy analysis,
automation, and simulation modeling in
hydrogeomorphology.

b-Fully Matching: this category  comprizing all
parameters that have got Zero difference values which are
found for Network maximum length, Network minimum
length, Network bifurcation ratio for order 2,3, and4, the
higher Stream Order, Basin Area.

The fully matching is shows agreement hundred pereent

100% and proves that the Automatic Extraction of

Watershed, Network, morphometric characteristics utilizing
(IS is efficiently hundred percent.
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Table(1) The Morphometric Parameters Measured by
Manual and Automated Extractions

Method Manual | Automatic Deviation
Network man. ratio=D/man*100 | difference(D)
a- Network length
-Ytotal length YAXYS|  Te.,Ye AN TTYYY
-tlink numbers stream counts (A3, -+  AVT, .. %y.ay L T
| -Ymaximum e €0 CTA T
B -¢minimum st s i Oy e s
-orange - N T CYAR, T
-Wwariance Y VY SLY, Y- TN
-vstandard deviation IR Y 6Ly, 0. S T
b- bifurication ratio
Order 1/2 VLAVY Y14 Yo 1, TA TTOn
order 1/3 IREE LAV T ‘
order 1/4 VoA VoA T
3 oider 1/5 Ve TN YA ) i
c- remaining parameters ]
~Vstrahler order a 3,0 CTANNN T
~Yshreve magnitude Tho,env ] £Y7, %Y, Ao T, e
-Vstream frequency 1,409 Y, %h, TY R
-idrainage density KM / KM2 |- 1,6V, ¥,0r7 AT T
{ Watershed
__ a-Geometric parameters
| AREA_KM2 AT I SRR %o ¥ om AT
) PEREME‘I’_KM Ny xval vy, ea8 1, T . i Vi, T
Maximum Length 2%, ¥ | eV, AVT %N, Ak [ U
width 1,534 Vv AN T
b- Form & Relief parameters B
Form_Factor 1A P ITYA o%Y.0t ENN
7 Cicularity ¥ R %Y, iv T T AT
Max_Relief YeY,0 0] YEV, v AT oo
Relief Ratio Tt et T I
Relative Ralief e et CY AR B
¢- Morphomefric parameters '
Texture_Ratio vV, Yo VA %1, T B 3
Hipsometric Integral ERA Vo %1, Y- R
Ruggedness f, TAT L TYA AR - e
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c- Automatic Advantage: this category comprising all
parameters that have got positive difference values in order
to, the sorted positive differences are beginning from
Bifurcation ratio order 1, Stream Frequency, Shreve
Magnitude, Link Numbers(Stream account), Form Factor,
Total Link lengths , Circularity, Maximum Relict, Basin
Width, Basin Texture Ratio, with values (16.7), (8.2). (7.83},

(7.9), (3.54) (3.51), (2.47), (2.1), (1.6), (1.37) respectively.

This close agreement shows that the general character ol a
system of channels and Watershed is reproduced by the
Automated [xtraction, and all of these category parameters

have only obtained by GIS simulation modeling and =

automation, so no one can find these parameters on {:30 000
topographic maps or less, but can do it by more fine
resolution, ficld work, or by GIS hydrogeomorphological
modeling and Automatic Extraction. '
4- Conclusion :

After conducting the study. on Wadi Alam using the
Digital Elevation Model, the Automatic Extraction
Algorithms, and the selected Morphometric Parametcers, the

study reveals that the Utilization of GIS in Automatic’

Extraction is proving to be very valuable tools for saving
time, raising accuraey, quantifying and computerizing huge
geomorphological projects.

The v1sual appearances of the automated and map-based
watershed and channel networks are very similar, and so are.

the watershed and channel network composition parameters
which display an average discrepancy of less than 3%. The
Manually Watersheds and Network are drawn by red color

and overlaid on the automated ones which are drawn by blue
color (fig.8) for serving the comparison purposc of
Automatic and Manual Extractions of Wadi Alam. both ol

visual check and quantitative assessment are pointing oul that
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the extraction accuracy was more than 97.4%, except for the
hypsometric integral that carried out with 93.8 accuracy,
whereas the Basin area is accurate to 99.7%.

Finally, it 1s recommended in the near future application
projects specially in such GIS Automation to rely on fine and
very fine DEM spatial resolution, sink filling, and a narrow
grid cell size for optimizing the automatic extraction to
simulate and match with the real field morphology like that
have done on Wadi Alam.
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Spatial Dimensions Of population growth and
distribution of Ascer area ,Saudi Arabia.
DR: Ashraf Mohammed Mohammed

This research aimed to study and analysis population growth
and distribution of Ascer area to limit human forces for the
benefit of planning future and revealing population pull areas
population  concentration and the relationship  between
population and space. The study concluded some results can
benefit  for planning and development of Aseer area.
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Hourly Variation of Air Temperature in Selected
Selected Stations in Egypt
DR: Emaily Mohammed Helmy
This research studies Hourly Variation of Alr Tempcmhuc in

seven meteorological stations in different geographic regions of
Egvpt. These stations are: Quseir — Kena — Faratra — Bahtim -
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Mersa Matroh and Baltim . The present research depends on
hourly air temperature data during two weeks in January as an
example of the winter, two weeks in April as an example of the
spring, two weeks in July as an example of the summer, two
weeks in October as an example of the autumn. It uses the two
years of 1985 and 1998 for comparison.
Objectives:-
¢ Studying the I—lomly Variation level between the stations
during the
four seasons. ‘
o Defining hour for minimum and maximum temperature.
e Analyzing the differences between meteorological
stations as for air temperature characteristics through
* -hours during the four seasons.
= Calculating the heating and cooling rate during the day.
Finally, this research reached to some results about the effects of
the geographical location, the site, and the topographic features
on air temperature characteristics in each station,
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Using Geographical Information System for making an
environmental Atlas for environmental problems and
cnvironmental projects in Egypt
DR: Moussa Ibrahim Moussa
‘Head of 1CC Depatment.
Moussai @link.net
This paper aim to make an environmental Atlas for
envirommental problems and environmental projects in Egypt by
using Geographical Information System (GIS).
This was done by:

o 1-Convert spatial data for Environmental Problems to
Geographical Data Including Database have all
information about the problems, such as (Governorate
name, problems Name, Code, Type, reason, location,
Coordinate,...) Etc,

» 2-Convert spatial data for Environmental Projects to
Geographicai Data Including Database have all
information about the Projeets , such as (Governorate
name, Project Name, Code, the donors who give the fund,
Covering area , location, Coordinate,...} Eic.

e 3-Building an environmental atlas that contains all
information related to an environmental problems and
environmental projects.

By using GIS we can detect the Hot spot of problems in all
Egypt Governorates, to know all problems in each Governorate,
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and Make an Environmental Atlas for problems and plot the

Environmental project of each Governorate.

And we can Plot the Envirommental projects in all Egypt
(Governorates, to know all projects in each Govemnorate, and
Make Environmental Atlas for projects.

Key words: Geographical Information System, Environmental
problems and projects,
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The agricultural labor force in the country- side of
Mit- Ghamr during the second half of the
twenticth century. (A geographical study)

This research aims to identify the characteristics of the
population and labor force in Mit-Ghamr center in general and
particularly agricultural ldbor in terms of mionitoring the
evolution of population of the city geographically (urban, rural),
as well as the evolution of the volume of the labor force
according to the economic activity and their Geographical
distribution and get to know the real status of agriculture labor
im Mit- Ghamr city and the most important problems they face.

The study discussed some geographic and demographic
characteristics of the study area, and the labor force in terms of
their evolution, their geographical distribution and the economic
activity. Then, it discussed the economic characteristics of the
agricultural labor force in terms of distribution relative to the
total labor force in addition to-geographical distribution and
spatial, considerable divergences.

The study coneluded that the city of Mit —-Ghamr is one of the
first class rural places. The agricultural workers represent
a great proportion of the total work force, but it continued its
downward trend in the recent period, as the male [gure
represents the majority of the composite qualitative of the
agricultural labor force. The study pointed out that there was a
shortage of agricultural labor force in rural areas in the city of
Mit- Ghamr in the light of (according to) the agricultural labor
force and the problems which those farmers sufler, the most
important are seasonal unemployment and the low level of

wages compared to other sectors which was confirmed by data

ficld study.

The study recommended the exploitation of the agricultural
labor force in a better way over the months of the year, through
altracting it to other sectors such as manufacturing and
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agricultural reform maintenance of agricultural machinery and
increasing the agricultural workers wage to improve their
standards of living, so we raise his turnout rates for agricultural
work. It is a must to encourage the private learner to engage in
agricultural work as one of the mechanisms to address
unemployment in the Egyptian country-side, with the use of
modern techniques in agriculture, in addition to increasing crop
area, re-organizing the crop composite and preserving of the
crop cultivated areas.
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GIS Automation of Drainage Basin of
Wadi Alam, Red Sea_Egypt
DR. Ahmed Moharrem Elbhnasawi
Amoharrem{@yahoo.com
Cairo Univ., Geography Departinent
Geographical information systems (GIS) are extremely important
tools in  many  Geographical, Environmental, and
Geomorphological  applications such as The Automated
Drainage Network and Watershed Extraction . The basic entity in
such applications is the watershed which is either manually
delineated on topographic map sheets or derived from digital
elevation model (DEM) data using computational methods.
This paper, present a general methodology for the generation of
Automated Watershed and Drainage Extraction (AWDE) starting
from producing digital elevation models (DEMs), and ending to
producing drainage watershed and drainage network maps from
depression less DEM. The selected watershed - wadi Alam - is
about 412Km”. and including flat areas and depressions along the
valley bottom, and flat areas near drainage divides. The
depressions are usually artifacts of the DEM and have been
removed by raising the clevation of the cells within the
depression to the elevation of the lowest outlet cell of the outside
edge of the depression. :
The paper also have assessed the accuracy of the Automated
Extraction of Watershed, Drainage Network, and Morphometric
Parameters of Wadi Alam red sea Egypt, using the calculated
deviation percentage of the automated parameters and the one
deflined by the blue-line method on the Egyptian topographic map
sheets. Both of visual check and quantitative assessment are
pointing out that the extraction accuracy was more than 97.4%,
and the Automated Basin area is accurate to 99.7%.
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