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Abstract
GIS and image processing a great tools for identification of morphometric parameters
such as stream length (Lu), stream number (Nu), stream order (Su), bifurcation ratio
(Rb), drainage density (Dd), hypsometric integral (Hi), Hypsometric Curve, elongation
ratio (Re), circularity ratio (Rc), and form factor ratio (Rf) The Morphometric based GIS
was used to analysis a in Northern part of western desert, Iraq the result revealed that,
Six Stream order identify in study area with Stream length (Lu) Km and Stream number
(Nu) was: 1st order 1670.889 -642, 2nd order -744.559 -166, 3rd order -429.152- 37, 4th
order- 302.677- 8, 5th order- 33.795- 2, and 6th order-58.526-1. Bifurcation ratio (Rb)
to all stream orders (first to sixth Order) vary between (2- 4.84) with average value 3.79.
Form factor is 0.107. Drainage density ranged from 0-4.3 Km/Km2. The calculated value
for the hypsometric integral (Hi) = 0.45. The elongation ratio of study area is (0.24). The
circularity ratio value of the basin is 0.104. Which refers elongated basin in shape with
low active tectonic characterizing a mature drainage basin.
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£ 3l A A8 gl cla glaall aliig day (o ledia) aladialy g sia g8 gall Jaladl
Gl A ad) s jauall e Aladdl
el b ol FH ) SLE JUat o) gle AL G gald
SYLaTY) 5 eliadll 3 i/l sUSHl g o glall 3 ) 55 %
G mdle darg (i )Y ale andia slell 40K /alazy daals ¥
3y sl cigmarlal 5 didl 5 a3 ) sall Ausia aush /A L ) Andlpts
dadal)
< gill aae (SU) e edl) iyl Jia &y jia g ) gall Cilalaall 3381 daga 0l 53l Agliadl) ) el Anllaa 5 GIS i
il (Hi) e sl JoSll5 (D) oall 25 (RD) i) Ao (LU) 58 dskas ¢(NU)
A aall e sladll ki aladiul o (RF) JS8l) dale sis (RC) Al dps (Re) AUsisl) dnsi (5 sia susse)
S s Ay e G A oof dagiil) CliS s dy jal) o) aaall e el o el sl e b sall ) Batial)
-37 A Ag ) ¢744.559-166 Al 450 (1670.889-642 VsV AN 1oS (Lu) ledsh ae (NU) <l siall
il Jamae 7 5l 50 58.526-1 dmsalod) 45 )1 5 33,795-2 AnsalAl) 45 ))) 302.677-8 Al 1) 450 ¢429.152
oasall Jall Jale 3,79 als dass sie daiy 4.84 () 2.0 Co (0sdbed) () 5V sl (40) 4y sl 5,1 asand (Rb)
(Hi) 0.45 G sie suusgll JoASil 4y susnall Gl 258/ 24,3 5 () (e dus) yall dilaia b (o yuaall Z8US Cn ) 50,107
A5dee g G pdy g2 .0.104 & sl 4 il A Aad (0.24) & Al ) Alaie (g gad ALY A
L ol jee 53 i jea (ymga g dunddia 43 51K ae JSA
iy el DS JKN Jale (5 e b ) 5a ¢l rall e glaall alai - Aalidal) clalsl)

57


mailto:Luleå%20University%20of%20Technology
mailto:Department%20of%20Civil,%20Environmental%20and%20Natural%20res/
mailto:Department%20of%20Civil,%20Environmental%20and%20Natural%20res/
mailto:khalidkhaldoon@yahoo.com
mailto:nadhir.alansari@ltu.se
mailto:Manalshakir@scbaghdad.edu.iq

Iragi Journal of Science and Technology

2019, 10(3)

Introduction

Morphometric analysis is quantitative
classification and study of landforms as
mean in geomorphology that may be
employed to a particular type of
landform or to drainage basin and
generally large area. Morphometry
means mathematical and assessment
analysis of the arrangement of the earth’s
surface, dimension, and form of its
landforms (Clarke, 1996) most Important
principle of morphometry is that
drainage basin morphology reflects
several geomorphological and geological
processes through time, as specific by
different morphometric studies (Horton,
1945). Morphometry is highly important
in the conception of landform operations
and soil properties. Remote sensing the
appropriate technique for morphometric
interpretation as the images of satellite
expand a synoptic view in expanded area
and a great help in the analysis of
drainage basin morphometry, spatial
information  technology  emerging
rapidly, remote sensing and GIS became
active tools for morphometric analysis
(Rao, et al., 2010). The digital elevation
model (DEM) of the study area was used
to conclude the  morphometric
parameters as drainage basin area,
drainage density, and stream order, with
a collection of the satellite information
and hydrological and spatial analysis in
GIS conditions (Pirasteh, et al., 2010).

The study aims to employ the GIS and
remote sensing applications for analysis
in the Northern part of the western desert,
Irag.

Materials and Methods
Study Area

The study area is located within the
Western part of Iraq between Latitude of
(32°45'0"-34°0'0") North and longitude
(39°30'0" — 40°45'0") East as shown in
Fig. (1) At Anbar governorate.
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Fig. (1) Study Area.

It overlays an area of 4767.423 Kmz2 with
elevation ranges between 360 to 840 m.
The elevation of the study area
minimizes from southwest to northeast.
The climate of the study areas is
described by dry, hot summer, cold
winter and a nice spring and fall.

About a 90% of the annual
precipitation  takes place  during
November to April (generally of it within
the winter months from December to
March). The remaining six months are
dry and hot” (Al-Abadi, 2012). The
oldest uncover rocks within the area are
of early — late Permian (Ga'ara
Formation), whereas the youngest are
Early Miocene (Ghar Formation)
(Sissakian and Mohammed, 2007).

Morphometric characteristics of the
study area were determined by analysis
(DEM) using GIS, where the basin area
and perimeter were determined, also the
stream order, as well as determining the
highest and lowest and the average
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height of the study area. The results were
used to calculate these characteristics
Fig. (2)

Stream Order (Su)

The identification of stream orders is
the first stage in drainage basin analysis.
In this study, the number of stream order
is carried out using the method given by
(Strahler, 1964) the smallest tributaries
are set as the order I. Two first-order
canals join; a canal segment of order Il is
created. Where two of order Il joins, a
segment of order Ill is created, etc...
streams orders for the study area, Table
(1) reflects the highest frequency in the
case of first-order streams and goes on
decreasing as the order of the stream
increases, Fig. (3) Mean Stream Length
(Lu) Mean stream length is a
characteristic referring to the drainage
system component and it’s linked with
basin surface (Strahler, 1964). This is
counted by the ratio of a given order's
entire stream length to the number of
segments streams in the given order. The
average stream lengths of the stream
increase with the order increase as
illustrated in Table (1).

Stream Number (Nu)

The total order of stream segments is
called the number of streams. That
order's number of stream segments forms
an inverse geometric series with order
number as shown in Table (1) and as
Horton (1945) explained in his study. (D)

Fig. (2) The Input Variables: (a) DEM (b)
Flow Direction Map (¢) Flow Accumulation
(d) Stream Order Map

W,

Table (1) Stream Order Calculated, Stream length (Lu) km and Stream Number (Nu)

Stream Order (Su) Stream Length (Lu) km Stream Number (Nu)
1%t order 1670.889 642
2" order 744.559 166
3" order 429.152 37
4™ order 302.677 8
5" order 33.795
6™ order 58.526 1
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Fig. (3) Stream Order

Bifurcation Ratio (Rb)

Bifurcation ratio (Rb) is the ratio of the
number of streams of any given order to
that of the number of streams of next
higher order (Horton, 1945). Bifurcation
ratio ranged from (3-5), Show that
drainage pattern does not influenced by
the geological structures. The counted
values for all orders (first to sixth) extent
between (2 to 4.84) with average value
of 3.79 (Table 2) which provide us with
knowledge that the geological structures
in the region have little influence over
the whole drainage pattern.

Table (2) Bifurcation Ratio (Rb)

15t order/2" order 3.86

2" order/3™ order 4.48

3rd order/4t™ order 4.62

4t order/5t order 4

5t order/6™ order 2

Mean Blfgrcatlon 379
Ratio

Area (A), Basin length (Lb) and Form
Factor (Ff):

The area of the basin is the direct
result of the evolution of drainage in a
particular basin. Basins are generally
pear-shaped in the first stages and
evolve to elongate as the cycle
progresses. The shape of the basins
affected the characteristics of the stream
discharge. The basin area is calculated
using GIS, which is 4767.423sq Km
Table (3). The basin length is the
maximum length or the longest
dimension of the basin parallel to the
principal drainage line (Schumm, 1956).
The basins length is 210.232 Km.
Another critical parameter recognizes
the Form factor as the proportion of the
basin area to the basin length square.
The amount of shape factor would
always be lower than 0.754 (For a
circular watershed). The watershed will
be extra elongated, the least number of
form factors. The watershed with large
form factors has high low-duration peak
flows, while the elongated watershed
has a low form factor. (<0.54) Specifies
they are elongated in shape and flow for
expanded period too. The drainage basin
in study area have form factor is 0.107.

Table (3) Area (A), Basin Length (Lb) and
Form Factor (Ff)

(A) (sq.
Kme) (Lb) (kms) | (Ft)
4767.423 | 210232 | 0.107

Drainage Density (Dd)

Drainage density (Dd) is a
measurement of the whole stream length
in a specific basin to the whole area of
basin (Strahler, 1964). Elements that
rule the characteristic length of the
watershed also influence the drainage
density. Drainage density in any area
related with different characteristics of
landscape dissection such as valley
density channel head source area, relief,
climate and vegetation (Moglen, et al.,
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1998), rock and soil properties and
landscape evolution operations (Nag,
1998) proposed that low drainage
density in general take place low relief
and bushy vegetation in areas of highly
impervious or permeable subsurface
soil. The high drainage density occurs in
the rocky, porous and impermeable soil
mountainous relief and scattered
vegetation. The low drainage density
area results in a coarse drainage texture
whereas high drainage density areas
have a fine texture. Drainage density in
study area ranged from 0-4.3 Km/Km?2
(Fig. 4). The drainage density analysis
shows that the areas having
impermeable material show high
drainage density and the areas with low
drainage density due to permeability
and high infiltration capacity.
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Fig. (4) Map of Drainage Density at Study
Area

Hypsometric Integral (HI)

The hypsometric integral (Hi) describes
the relative altitude distribution in a
given landscape region, particularly a
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drainage basin (Strahler, 1952). The
integral is defined as the relative area
below the hypsometric  curve,
expressing the volume of a non-eroded
basin. A simple equation for calculating
the index approximately (Pike and
Wilson, 1971; Keller and Pinter, 2002)
is:

Hi = (hmean — hmin) / (hmax_
hmin)................ooee (1)

min 40

max 949

mean 44.64

(Hi)=0.45

Intermediate to lower values for the
landscape is denuded towards a stage of
maturity and old stages (Strahler, 1952;
Keller and Pinter, 2002).

In summary, hypsometric integral has
shown a strong instrument to recognize
the activity of tectonic areas from
inactive ones. In the study area, the
hypsometric integral shows that the
tectonic situation moderate intensity.

Hypsometric Curve

The hypsometric curve is a graph
showing the proportion of land area at
different elevations by scheme relative
area versus relative area, height concept
on erosion cycle, and landscape
evolution where rivers can be classified
according to specific characteristics.
This concept categorizes a river as a
“Youthful”, “Mature” and “Old Age”,
which Characterizes a mature drainage
basin. From Figs. (5) and (6), “the
Hypsometric Curve can be described as
a Mature River showing a more S-
shaped feature and displays a concave
upward feature at a higher elevation and
concave downwards at lower elevations
which characterizes a mature drainage
basin” (Keller and Pinter, 1996).
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Fig. (5) Interpretation of Hypsometric Curve
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Fig. (6) Hypsometric Curve of Study Area

Elongation Ratio (Re)

(Schumm, 1956) Clarify the
elongation ratio as the ratio of the
diameter of a circle of the same area as
the basin to the maximum basin length.
Over a wide range of climatic and
geological forms, this ratio ranges from
0.6 to 1.0. Watershed change slopes
classified with elongation index
support: circular (0.9-0.10), oval (0.8-
0.9), less elongated (0.7-0.8), elongated
(0.5-0.7), and longer (less than 0.5). The
elongation ratio of the study area is
(0.24) Which means that the watershed
is longer in form with a little active
tectonic, related with
steep ground slopes.

Re=\ (AWR)/ Lb ..ovveevn, Q)
A=Area of basin

n=3.14

Lb=Basin length
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Circularity Ratio (Rc)

The ratio of circularity used as a
quantitative technique, “Defined as the
ratio of the basin area to the circle area
of the basin with the same perimeter”
(Miller, 1953) and it is affected by the
lithological character of the watershed.
The circularity index varies from zero
(as a line) to one unit (as a circle). This
ratio marks the stage in which the basins
(young, mature, and old) rely on their
value (low, medium, and high).
(Wilson, et al., 2012). The value of the
circularity ratio of the basin is 0.104 it
suggests an elongated basin in the form
of related geological materials.

Re=4mA/P2. ... 3)
A= Area of basin
n=3.14

P= Perimeter of the basin.

Results and Dissection

Remote sensing and GIS techniques
are active tools for analyzing
morphometric parameters. The study
area located in the northwestern desert
at Anbar Governorate, the
morphometric parameters calculated
showing the wide range of differences
due to geologically as well as
structurally of the study area.
-Six Stream order was calculated in the
study area with Length of stream (Lu)
km and the amount of stream (Nu) was:
1st order 1670.889 -642, 2nd order -
744.559 -166, 3rd order -429.152- 37,
4th order- 302.677- 8, 5th order- 33.795-
2, and 6th order-58.526-1.
-The calculated values Bifurcation
ratio (Rb) for all orders of streams (first
to sixth order) ranges from (2 - 4.84)
with an average value of 3.79 which
indicates that the geological structures
in the area have little influence over the
whole drainage system.
-The drainage basin in the study area has
a form factor is 0.107 indicates that the
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basin elongated in shape and flow for a
longer duration as well.

-Drainage density in the study area
ranged from 0 - 4.3 Km/Km? The
drainage density analysis shows that the
areas having impermeable material
show high drainage density and the
areas with low drainage density which is
due to permeability and high infiltration
capacity.

-The calculated value for the
hypsometric integral (Hi) = 0.45 which
indicates that the tectonic situation
moderate intensity.

-The Hypsometric Curve can be
characterized as a "Mature™ stream, with
a more S-shaped feature and a concave
upward feature at higher elevations and
concave downward at lower elevations,
characterizing a mature drainage basin.
-The elongation ratio of the study area is
(0.24) refers to an elongated basin in
shape with low active tectonic
connected to steep slopes of the ground.
-The value of the study area's circularity
ratio is 0.104, which shows the basin
elongated with symmetrical geological
materials.
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