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ABSTRACT

The study area covers about 5600 Km? comprising three main watersheds; Torsag,
Shosharin and Badrah. It is built up of sedimentary formations (Oligocene — Pliocene) beside
various types of Quaternary sediments. Different morphometric parameters are computed in
this study using Geographical Information system (GIS) and Remote sensing techniques
through the ease of uses of high resolution Digital Elevation Models (DEMs). The highest
stream order of the studied basins is 6th order. The drainage density analysis indicates
medium value suggesting coarse to moderate drainage texture. The values of bifurcation ratio
range from 2.2 to 11. The values of form factor and circulatory ratio indicate that the studied
basins are elongated in shape. According to dissection index value, the overall basins are
moderately dissected; however the upper parts of the basins, which are located within the
Zagros Fold-Thrust Belt, are characterized by their high tectonic activity, whereas their lower
parts, located within the Mesopotamian Zone, are characterized by low tectonic activity.
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INTRODUCTION

Morphometric analysis refers to a detailed evaluation of landforms by using mathematical
measurement of the configuration of the earth surface shape and dimensions (Clarke, 1966).
The morphometric analysis provides quantitative description of the basin geometry to
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understand initial slope or inequalities in the rock hardness, structural controls, geological and
geomorphic history of drainage basin (Strahler, 1964).

The morphometric characteristics at the watershed scale may contain important
information regarding its formation and development because all hydrologic and geomorphic
processes occur within the watershed (Singh, 1992). The morphometric analysis of a river
basin has two distinct branches; relief morphometry and fluvial morphometry (reference).
Fluvial morphometry is carried out through measurement of linear, areal and relief aspects
(Singh, 2007). The linear aspect deals with the stream order, stream number and length,
bifurcation ratio, whereas, the areal aspect includes basin shape, basin area, stream frequency,
drainage density and drainage texture. Moreover, the relief aspect covers relative relief, relief
ratio and dissection index. The drainage basin morphology reflects various geological and
geomorphological processes over time (Horton, 1945; Strahler, 1952 and 1964; Muller, 1968;
Shreve, 1969; Evans, 1981; Chorley et al., 1985; Merritts and Vincent, 1989; Ohmori, 1993;
Cox, 1994; Oguchi, 1997; Burrough and McDonnell, 1998; and Hurtrez et al., 1999). The aim
of this study is to illustrate the influence of the drainage morphometry and its significance in
understanding the landform processes, rock physical properties and erosional characteristics.

THE STUDY AREA
= Location

The study area is located within the eastern part of Wasit Governorate, near the Iragi —
Iranian international borders. It occupies an area of about 5600 Km? (Fig.1). Zurbatiyah is the
main city that exists within the study area and Torsaq, Shosharin and Badra are the main
drainage basins. The study area is limited by the following coordinates:

Longitude 45°05' 00", 46° 00' 00" and Latitude 32°75' 00", 33° 06' 00"
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Fig.1: Location map of the studied basins
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= Climate

The study area is characterized by hot, dry summer and cold wet winter. Based on the
climate data of the Iraqi General Organization for Meteorological Information (1.M.O.), the
study area is under the influence of arid climatic conditions (I.M.O., 2000). The most
important climatic parameters are taken from Khanagin meteorological station during the
period 1970 — 2008 (Table 1).

Table 1: Mean values of climatic parameters (Khanagin meteorological station
during 1970 — 2008) (after 1.M.O., 2000)

Month Rainfall Temperature Re:lgtive Evaporation Wind Speed
(mm) (°C) Humidity (%) (mm) (m/sec)

January 594 9.7 76 50.3 1.8
February 49.8 115 69 81.3 2.2
March 53.6 15.4 61 158.9 2.3
April 30.6 21.2 52 2125 2.5
May 6.4 28.2 36 331.6 2.5
June 0.3 32.9 26 462.1 2.2
July 0.0 35.7 25 530.4 2.1
August 0.0 34.8 26 499.7 1.8
September 0.0 30.5 29 392.1 1.7
October 12.5 24.8 37 261.3 1.9
November 39 16.7 59 128.9 1.6
December 52.1 11.2 74 68.2 15
Annual mean 303.8 22.7 47.5 3177.3 2.0

GEOLOGICAL SETTING

Stratigraphically, different sedimentary formations of different lithological constituents
and age (Oligocene — Pliocene) are exposed within the study area, in addition to various types
of Quaternary sediments (Fig.2). Brief description of the lithological units is mentioned
hereinafter (from older to younger):

» |brahim Formation (Upper Oligocene)

This formation represents the oldest rocks unit within the hanging wall of the Koolic
thrust fault, which is thrusted on the Dhiban and Jeribe formations (foot wall). It is exposed
within the eastern part of the study area. It comprises 130 m of alternation of marl and marly
limestone. The upper part of the formation is dominated by marl with thin beds of limestone,
while the middle part is composed of thick bed of marly limestone. The lower part consists of
alternation of marly limestone and marl (Mahmoud et al., 2018).

= Serikagni Formation (Lower Miocene)
It is exposed in the eastern parts of the study area and consists of 22 m of marl, marly
limestone and limestone.

= Dhiban Formation (Lower Miocene)
It is exposed within in the eastern parts of the study area, consists of 30 m of white,
nodular textured and massive gypsum.
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Fig.2: Geological map of the study area (Mahmoud et al., 2018)

= Jeribe Formation (Middle Miocene)
It is exposed as relics along the thrust fault, and in the core of Koolic anticline. It is
comprised of 70 m thick massive dolomitic limestone.

» Fatha Formation (Middle Miocene)

The formation consists of cyclic alternation of calcareous claystone, limestone and
gypsum. It is divided into upper and lower members (Al-Mubarak and Youkhanna, 1976),
both members are exposed in the study area. Its maximum exposed thickness is 330 m. The
Fatha Formation is thrusted over the Injana Formation along the major thrust fault.
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» Injana Formation (Upper Miocene)

The formation is exposed only within the southwestern limb of the Hemrin South
anticline. The Injana formation consists of alternation of claystone, siltstone and sandstone,
with total thickness of 350 m. The uppermost part is characterized by thick (up to 30 m)
claystone and thin sandstone beds.

» Mukdadiyah Formation (Upper Miocene — Pliocene)
It consists of 110 m of rhythmic clastic cycles of sandstone and claystone, which are
lenticular in shape with many lateral changes.

= Bai Hassan Formation (Pliocene — Pleistocene)
The formation consists of thick coarse conglomerates with lenses of sandstone. The total
exposed thickness is 25 m (Mahmoud et al., 2018).

Tectonically, the Zagros Fold-Thrust Belt, within Iraq is divided into several NW — SE
trending longitudinal tectonic zones (Buday and Jassim, 1987 and Jassim and Goff, 2006).
The study area lies in the Low Folded Zone, which represents part of the Outer Platform of
the Arabian Plate (Fouad, 2012). The main structures within the study area are Hemrin South
Anticline and Kani Sakht Anticline (Fig.2). The first is the major anticline within the study
area. It isa NNW — SSE trending anticline, 33 Km in length and its width ranges from 0.7 Km
up to 7 Km. The NE limb of Hemrin South Anticline is thrusted over its SW limb
(Al-Shwaily and Al-Obaidi, 2018). The second anticline is a narrow asymmetrical
NWN — SES trending structure, located along the northeastern limb of the Hemrin South
Anticline, with length of about 30 Km and variable width of up to 1.5 Km. The dip of the
southwestern limb ranges between (40° — 65°), whereas the dip of the northeastern limb
ranges between (47° — 52°). The study area is characterized by the presence of three large
scale thrust faults of NW — SE trend, these are: Kachaa Fault, which extends for 25 Km, Cea
Koran Fault, which extends for 25 Km and Koolic Fault, which runs parallel to the Iragi —
Iranian international borders and extends for 12 Km (Mahmoud et al., 2018).

The study area represents the extreme margin of the Low Folded Zone, which is
physiographically, known as the Foothill Zone, located between the High Amplitude
Mountainous and the Mesopotamian Plain provinces of Iraq (Yacoub et al., 2012). From the
topographic point of view, the study area descends in relief from its northeastern part, where
the mountainous area exists, towards W and SW parts, where alluvial fans and sheet run off
sediments are well developed. Geomorphologically, the area is dissected by three main
streams which have similar characters and behaviors. They are characterized by narrow and
deep courses after leaving the alluvial fans and drain within the Tigris River and Hore
Al-Shuwaicha depression. The main geomorphological units in the study area are: 1) Units of
Structural — Denudational Origin, include fault escarpments, hogbacks and cuestas. 2) Units
of Fluvial Origin, developed as numerous alluvial fans, which are divided into three types
depending on the lithological composition as; alluvial fans composed of conglomerate,
alluvial fans consist of carbonate conglomerate and alluvial fans consists of gypcrete mixed
with gravels and rock fragments (Mahmoud et al., 2018).

METHODOLOGY

ArcGIS 9.3 software and a 30 m resolution Digital Elevation Model (DEM) are used for
evaluation the morphometric parameters of the studied three basins. The extracted basins and
stream networks are projected to the regional projection WGS-1984, UTM zone 38-N. The
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morphometric parameters of the study area were computed using the formulae of different

worker’s shown in Table 2.

Table 2: Methodology adopted for computations of morphometric parameters

for the study area

No M;;Pahn:gzztr?c Formula Reference
1 Stream number (Nu) Number of stream segments (Strahler, 1952)
2 Stream order (U) Hierarchical rank (Strahler, 1964)
3 Stream length (Lu) Length of the stream ( Horton, 1945)
Mean stream length MSL = Lu/Nu
4 (MSL) g Lu = Total stream length of order 'u’ (Strahler, 1964)
Nu = Total no. of stream segments of order 'u'
Stream lenath ratio RL = Lu/ Lu—1; Lu = Total stream length of
S (RL% order 'u’; Lu — 1 = Total stream length of its ( Horton, 1945)
next lower order
Rb = Nu/ Nu + 1; Nu = Total no. of stream
6 Bifurcation ratio (Rb) segments of order 'u’; Nu + 1 = No. of (Schumm, 1956)
segments of next higher order
7 | Mean bl(flg[)c;t)lon ratio Average of bifurcation ratios of all orders (Strahler, 1957)
Straight line distance from a basin's mouth to
8 . the point on the water divide intersected by the
Basin length (Lb) projection of the direction of the line through (Horton, 1932)
the source of the main stream.
9 Perimeter (P) Horizontal projection of its water divide (Zavoianu, 1985)
10 Basin area (Ba) The entire area drained by a stream or system of ArcGIS 9.3
streams
. . Dd = Lu/ Ba; Lu = Total stream length of all
11 | Drainage density (Dd) orders: Ba = Area of the basin (gsz) (Horton, 1932)
Fs=Nu/ Ba; Nu = Total no. of streams of all
12 | stream frequency (Fs) orders (Horton, 1932)
Ba = Area of the basin (Km?)
13 . Dt = Nu/ P; Nu = Total no. of streams of all
Drainage texture (Dt) orders; P = Perimeter (Km) ( Horton, 1945)
Rf= AIL®
14 Form factor (Rf) A= Area of the basin (Km?); L2 = Square of ( Horton, 1945)
basin length
15 Basin relief (R) R=Hmax-Hmin (Strahler, 1952)
16 . . _ (Huggett and
Relative relief (Rhp) Rhp=R/P Cheesman, 2002)
—9 (TBa 0 . -
17 | Elongation ratio (Re) Re=2 W’_(HE' *'E[] /Lb; Ba = Area of the (Schumm, 1956)
basin (Km?); Lb = Basin length
18 . : . Rc=4*m> Ba/ P?, Ba = Area of the basin .
Circularity ratio (Rc) (Km?): P2 = Square of the perimeter ((Km) (Miller, 1953)
19 Length of overland 1/ o% — Nrai .
flow (Lg) Lg =1/ 2* Dd, Dd = Drainage density ( Horton, 1945)
20 : . Rh =H/ Lb; H = Total relief (Relative relief) of
Relief ratio (Rh) the basin (m); Lb = Basin length (Schumm, 1956)
DI = Rhp/ Ar
21 | Dissection Index (1)) Rhp is Relative relief of the basin Dov Nir (1957)
Ar is absolute relief
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RESULTS AND DISCUSSION

Twenty one morphometric parameters are evaluated in this study to identify various
characteristics of the three basins in the Zurbatiyah area as shown in Table 2. The work is
executed based on linear, areal and relief aspects. Linear aspect deals with stream order,
stream number and length, and bifurcation ratio. Areal aspect includes basin shape, basin
area, stream frequency, drainage density and drainage texture. Relief aspect covers relative
relief, relief ratio and dissection index. The total drainage area of the basins is 5602 Km?. The
number of streams is calculated in each watershed after assigning the stream order of each
stream and it is found that the number of stream decreases as the stream order increases. The
values of the length of overland flow for the three analyzed drainage basins are the same,
which indicates the same age of development. The drainage density value in all basins
indicates medium value due to the existence of permeable and impermeable rocks in addition
to the moderate relief of the study area. The drainage basins in the study area extend within
different lithologies and structures, these differences are reflected in the behavior and the
areal extent of the catchment area of each drainage basin. The existence of very narrow areas
in the middle part of each basin is due to the formation of a very deep gorge, where the stream
drains within very hard and very steeply dipping strata and the expansion of the areal extent
of the lower part of each drainage basin is due to the existence of the soft Quaternary
sediments

LINEAR ASPECTS
= Stream Orders and Numbers

The primary step in drainage basin analysis is to designate order for quantitative analysis
of the watershed. There are various systems of ordering the stream (Horton, 1945; Strahler,
1957; and Shreve, 1966 and 1969). Strahler’s system is followed in the present study because
of its simplicity. The highest stream order in the three main basins in the study area is 6"
order (Fig.3), which merge with Hur Al-Shwaicha which is located to the southwest, outside
the study area. Horton's law (1945) of stream numbers states that the number of stream
segments of successively lower orders in a given basin tend to form geometric series
beginning with the single segment of the highest order and increasing according to constant
bifurcation ratio. The total number of streams in the Torsaq, Shosharin and Badrah basins is
2278, 1343 and 1694 respectively (Table 3).

= Bifurcation Ratio (Rb) and Mean Bifurcation Ratio (Rbm)

The Bifurcation Ratio is an index of relief and dissections; it is the ratio between the
number of streams of any given order and the number of streams in the next higher order. In
the present study, the bifurcation ratio values are not uniform from one order to next order
(Table 4). These differences depend on the geological and lithological development of the
drainage basin (Strahler, 1964). According to Giusti and Schneider (1965), this variation
means that the basins are of equal order but variable areas tend to have the smallest
bifurcation ratio in the smallest area. The ratio increases with increasing areas up to a certain
size beyond which the bifurcation ratio tends to become constant. The bifurcation ratio value
is generally high in mountainous area and low in flat area (Horton, 1945).

The Rbm is defined as the average of bifurcation ratios of all orders. Strahler (1957)
suggests that the powerful geological control dominates in a basin when Rbm shows a small
variation for different areas. Within the three drainage basins of the study area, there is very
little variation in the mean bifurcation ratio.
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Fig.3: Stream orders of the studied basins

Table 3: Stream order and number of the studied watersheds

Basin name | Stream order Number of Streams | Total number of streams
1456
650
152 2278
14
5
1
857
394
76 1343
13

Torsaq

Shosharin

975
489
195 1694

31

Badrah

OB (WIN|FRP|OOIARIWIN RO WIN|F-
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Table 4: Bifurcation ratio and mean bifurcation ratio of the studied basins

Basin name Torsaq Shosharin Badrah
Bifurcation 1/2 | 2/3 | 3/4 |4/5|5/6 | 1/2|2/3|3/4|4/5|5/6|1/2|2/3]|3/4|4/5|5/6
ratio(Rb) | 55 1 43|11 (28| 5 |22|52| 6 |65| 2 | 2 | 25]|63|103] 3

Mean

bifurcation ratio 5.0 4.4 4.8

(Rbm)

= Length of Overland Flow( Lg)

The Length of Overland Flow is defined as the mean horizontal length of flow-path from
the divide to the stream in a first order basin and is a measure of stream spacing and degree of
dissection. It is one of the most important morphometric variables, which affects the
hydrological and topographic development of the basins (Chorley, 1969). The relationship
between the drainage density and overland flow is reverse. It is generally observed that the
early stage of basin development is marked with maximum length of overland flow, while
mature and old stages register marked reduction in Lg. However, there is no definite
parameter or limit or scale of overland which flow has been suggested (Singh, 2007). Within
the study area, the calculated values of Lg for the three analyzed drainage basins are the same
and equal to 0.4 Km, which indicates that these basins have the same age of development.

AREAL ASPECTS
= Basin Geometry

Basin geometry includes area (Ba), length (Lb) and perimeter (P). The area of the
watershed is very important morphometric parameter; it represents the area enclosed within
the boundary of the watershed divide. It reflects the volume of water in the watershed that can
be generated from rainfall and the length of the stream draining. The Badrah watershed has
the largest area of 1998 Km?. Basin length is defined as the longest dimension of the basin
parallel to the principal drainage line (Schumm, 1956). Basin perimeter is the outer boundary
of the watershed that encloses its area. It is measured along the divides between watersheds
and may be used as an indicator of watershed size and shape. The basin geometry in the
studied area is computed using Arc GIS software and shown in Table 5.

Table 5: Length, area and perimeter of the studied basins

. . 2 Basin perimeter
Basin name Basin length (Km) | Basin area (Km°) (Km)
(Lb) (Ba) ®)
Torsag 118 1828 435
Shosharin 104 1776 360
Badrah 106 1998 390

= Basin Shape

The basin shape is defined as paramount significance in drainage basin morphology
which helps in the description and comparison of different forms of the drainage catchment.
The ideal drainage catchment is usually of pear shapes (Singh, 2007). There are various
methods to compute the basin shape such as Form Factor (Rf), Circularity Ratio (Rc) and
Elongation Ratio (Re). Values of Rf, Rc and Re of the three drainage basins are shown in
Table 6.
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Table 6: The Form Factor, Circularity Ratio and Elongation Ratio
of the studied drainage basins

Basin name Form Factor Circularity Ratio | Elongation Ratio
(Rf) (Re) (Re)
Torsaq 0.13 0.12 0.40
Shosharin 0.16 0.17 0.40
Badrah 0.17 0.16 0.47

— Form Factor (Rf): It is a dimensionless property and is used as a quantitative expression
of the shape of a basin form (Kumar and Sarda, 2017). According to Horton (1945), the Form
Factor is the ratio of the area of the basin divided by the square of basin length.

The smaller value of the Rf is; the more elongated will be the basin shape (Siddaraju,
et al., 2017). According to Babar (2005) the value of Form Factor varies from 0 (in elongated
basins) to 1.0 (in circular basins). Rf values of the study area indicate that the three basins are
of elongated shape.

— Circularity Ratio (Rc): Miller (1953) defined basin Circularity Ratio as the ratio of basin
area to the area of a circle having circumference equal to the perimeter of the basin. It is
influenced by the length and frequency of streams, geological structures, climate, relief and
slope of the basin. The Circularity Ratio ranges from 0 (a line) to 1.0 (a circle). The higher the
value of Rc is, the more circular shape of the basin is, and vice versa. The Rc of the study area
indicates that the three basins are elongated or have less circular shape.

— Elongation Ratio (Re): Schumm (1956) defined the Elongation Ratio as the ratio between
the diameter of a circle with the same area as the basin and basin length. The value of Re
approaches 1.0 as the shape of the basin approaches to a circle. Values close to 1.0 are typical
of regions of very low relief whereas that of 0.6 to 0.9 are associated with high relief and
steep ground slope (Strahler, 1964). The higher value of Re indicates mature to old stages
topography which have circular shape. The various shapes of a watershed can be classified
with the help of the Index of Elongation Ratio, i.e. circular (0.9 — 0.10), oval (0.8 — 0.9), less
elongated (0.7 — 0.8), elongated (0.5 — 0.7) and more elongated (less than 0.5) (Pareta and
Pareta, 2012). In the present study, the maximum Re value is 0.47; calculated in the Badrah
watershed, whereas it is 0.4 in both the Torsag and Shosharin watersheds (Table 6). These
values reflect elongated shape.

» Drainage Density (Dd)

The drainage density is defined as a ratio of total length of channels of all orders in the
basin to the drainage area of the basin (Horton, 1945). The characteristics of stream length are
controlled by resistance of the exposed rocks to weathering, climate, vegetation, permeability
of rocks, etc. The drainage density indicates the closeness of spacing of channels, thus
providing a quantitative measure of the average length of stream channel for the whole basin
(Siddaraju et al., 2017). According to Deju (1971), the drainage density is classified into three
types: poor (0.5), medium (0.5 — 1.5) and excellent (1.5). In the present study, the drainage
density value of the studied basins varies from 1.17 — 1.25 (Fig.4 and Table 7), which indicate
medium Dd value. This is attributed to the existence of permeable rocks (sandstone,
conglomerate and the Quaternary sediments) and impermeable rocks (clay and gypsum) in the
study area.
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Fig.4: Drainage density of the studied basins
Table 7: Drainage density, stream frequency and drainage texture of
the studied basins
. Drainage density Stream frequency Drainage texture
Basin name (D) (Fs) (Dt)
Torsaq 1.20 1.24 5.23
Shosharin 1.25 0.75 3.73
Badrah 1.17 0.84 4.34

= Stream Frequency (Fs)

Stream frequency is defined as the measure of number of streams per unit area (Singh,
2007). There is a close relationship between stream frequency and run-off, the higher stream
frequency has more run-off and vice-versa. Rekha et al. (2011) and Vijith and Sateesh (2006)
stated that a stream frequency is related to factors like permeability, infiltration capacity, and
relief of a basin.

Within the study area, the values of Fs vary from 0.75 up to 1.24 which show positive
relation between the drainage density values of the basins with the stream frequency.
Accordingly, suggesting that there is an increase in stream population with respect to
increasing of drainage density.

» Drainage Texture (Dt)

Horton (1945) recognized infiltration capacity as the single important factor which
influences drainage texture and considered the drainage texture to include drainage density
and stream frequency. Smith (1950) stated that, Dt is controlled by factors such as climate,
rainfall, vegetation, lithology, infiltration capacity, relief and stage of development. Soft rocks
unprotected by vegetation produce a fine texture, whereas massive and resistant rocks to
erosion cause coarse texture. Sparse vegetation of arid climate causes finer textures than those
developed on similar rocks in a humid climate (Kumar Raju and shetty, 2010). The drainage
texture has been classified into five different textures according to Smith (1950) including:
very coarse (< 2), coarse (2 to 4), moderate (4 to 6), fine (6 to 8), and very fine (> 8). The
drainage texture of the Torsaq and Badrah basins falls under moderate drainage texture
category, whereas in the Shosharin basin it has coarse texture (Table 7).
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RELIEF ASPECTS OF THE BASIN

The relief aspects of the drainage basins are related to the study of three dimensional
features of the basins involving area, volume and altitude of vertical dimension of landforms
(Singh, 2007). The most important relief aspects parameters include hypsometric analysis,
relative relief, slope and profile analysis.

= Basin Relief (R)

The Basin relief is the difference between the maximum and minimum elevations in the
basin. It is an important parameter which helps in understanding the denudational
characteristics of the drainage basin. It controls the stream gradient and, therefore, influences
the surface run-off, amount of sediment and the flood pattern in the basin (Hadley and
Schumm 1961 in Yadav, et al., 2014). The basin relief is the maximum vertical distance from
the stream mouth to the highest point on the divide, it has been defined, according to Schumm
(1956) who measured it along the longest dimension of the basin parallel to the principal
drainage line. Whereas, Strahler (1952 and 1957) obtained it by determining the mean height
of the entire watershed divide about the outlet. The basin relief is an indicative of the potential
energy for a given watershed about a specified datum available to move water and sediment
down slope.

The highest elevation value in the study area is 2725 m, which is located in the eastern
part of the study area. Whereas, the lowest elevation value is 17 m and exists southwest of the
study area. The elevation and basin relief of each basin is shown in Table 8.

» Relative Relief (Rhp)

The relative relief is a very important morphometric parameter which is used for the
overall assessment of morphological characteristics of terrain and degree of dissection (Singh,
2007). It is defined as the ratio of the basin relief (R) to the perimeter of the basin. According
to Huggett and Cheesman (2002), relative area and terrain shape on a regional scale tend to be
particularly influential properties (Al-Saady, 2016). The relative relief values are approximate
values in the three watersheds of the present study which vary from 5.13 to 6.93 (Table 8).

Table 8: Elevation and basin relief of the study area

Basin name Elevation (m) Basin relief Relative relief
Max Min. (R) (Rhp)
Torsaq 2575 19 2556 5.87
Shosharin 1866 17 1849 5.13
Badrah 2725 20 2705 6.93

= Relief ratio (Rh)

The relief ratio is defined as the ratio between the basin relief and the basin length. It is
the ratio between basin relief and the longest dimension of the basin parallel to the principal
drainage line according to Schumm (1956). Rh depends mainly on the area and size of a
watershed. It increases with decreasing of drainage area (Kiran Kumar et al., 2018). If the Rh
value is high, it indicates a hilly region and a low value of relief ratio represents pediplain and
valley region and an indication of the intensity of erosional process operating on slope of the
basin (Mangesh et al., 2013). The Rh in the watersheds in the present study are of equal value
which is 0.05 in both the Torsag and Shosharin basins, whereas it reaches 0.06 in the Badrah
basin.
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= Dissection Index (DI)

The dissection index is a ratio of the maximum relative relief to the maximum absolute
relief. It is an important morphometric indicator of nature and magnitude of dissection of the
terrain. The values of dissection index range from 0 — 1, it is 0 in complete absence of vertical
dissection or erosion and hence dominance of flat surface and it is 1 at vertical escarpment of
hill slope or at seashore (Pareta and Pareta, 2011). In the present study, the DI values are 0.99
for the three basins (Table 9) which indicate that the watersheds are moderately dissected.

Table 9: Dissection index of the study area

Basin name Absolute relief Dissectio_n index
(Ar) (Di)
Torsaq 2575 0.99
Shosharin 1866 0.99
Badrah 2725 0.99

CONCLUSIONS

The quantitative geomorphologic analysis of the watersheds in the present study shows
that the watersheds are of sixth order. The number of streams is calculated for each watershed
after assigning the stream order of each stream. There is little variation in the mean
bifurcation ratio within the study area due to the powerful geological control dominating each
of these basins. It varies from 4.4 in the Shosharin watershed, 4.8 in the Badrah watershed and
the maximum value is 5.0 recorded in the Torsaq watershed. The values of the length of
overland flow for the three analyzed drainage basins are the same (0.4), in addition to the
values of dissection index, indicating moderately dissected basins. The three basins have
elongated shape. The drainage density value in the studied basins (1.17 — 1.25) indicates
medium value due to the existence of permeable and impermeable rocks in the study area.
The existence of very narrow areas in the middle part of each basin is due to the formation of
a very deep gorge, where the stream drains in very hard and very steeply dipping strata,
whereas the expansion of the areal extent of the lower part of each drainage basin is due to the
existence of soft Quaternary sediments. However, the upper reaches of the basins, which are
located within the Zagros Fold-Thrust Belt, are characterized by high tectonic activity,
whereas their lower parts, which are located within the Mesopotamian Zone, are characterized
by low tectonic activity.
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