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Abstract

Quantitative analysis of morphometric drainage systems is crucial for
understanding hydrological and environmental interactions of watersheds. This study
uses geospatial techniques to analyze the morphometric characteristics of watersheds,
relying on ALOS World 3D DEM and topographic maps of Iraq. Key features
identified include main basins, sub-basins, slopes, drainage networks, topographical
patterns, flow sequences, and flow lengths. ArcGIS Pro V.3.0.2 was used to
determine these characteristics. The analysis includes hydrological processes like
runoff frequency, bifurcation ratio, circularity ratio, and surface runoff length. The
study aims to understand how these parameters affect the regional morphological
landscape and the role of watersheds in the water cycle. Quantitative measurements
provide insights into watersheds' shape, size, and hydrological status. The Hasab
basin is a seventh-order basin, consisting of seven sub-basins that form an almost
rectangular. Hypsometric analysis reveals geomorphological characteristics and
basin maturity. The Hasab basin and most sub-basins are in the late youth or maturity
stage, except for SB2 and SB4, which are in the old stage. The morphometric
parameters indicate that geological and geomorphological structures significantly
influence the drainage network type and basin shape.

Keywords: Drainage Network, Morphometry, Hydrology, Hypsometric Analysis,
Remote Sensing, GIS, Southwest Iraq
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1. Introduction

Due to its methodological priority over quantitative studies, morphological studies provide
an irreplaceable basis in geomorphological and hydrological studies, expressing the complex
structures and diverse characteristics that characterize catchments [1-3]. Through the
application of thorough quantitative techniques, these examinations portray the different
geomorphological stages and hydrological capacities inborn inside stream basins, in this
manner advertising a comprehensive understanding of their dynamic characteristics and
utilitarian capacities [4, 5]. The remarkable nature of the study of morphometric highlights is
highlighted by their essential role in shaping hydrological properties, as they have a modulated
and detectable impact on the hydrological flows monitoring watersheds [6-8]. By examining
the confounding interactions between surface runoff, subsurface basin stages, and associated
fluvial structures, morphological studies reveal a rich work of art full of knowledge and explain
the relationship between watershed morphology and Earth's surface morphology. Reveals a
complex relationship with various normal factors, including geographical configuration,
climatic parameters, characteristic vegetation cover, and soil properties [9-12].

Moreover, the morphometric examination of bone-dry valleys accepts specific
noteworthiness inside the broader logical talk because it serves as a linchpin interfacing
different intrigue ponders extending from water asset administration and soil sciences to
designing hones, geographical examinations, as well as rural and infrastructural improvement
wanders [13-15]. Through its orderly examination and fastidious analysis, morphometry
considers outfit a clear and comprehensive depiction of the subject beneath examination,
illustrating its inherent morphology, portraying its geomorphological qualities, and unraveling
its perplexing interrelationships with plenty of natural factors [16, 17]. Additionally, these
ponders clear the way for a more profound understanding of the potential linkages between
quantitative geomorphological traits, utilizing explanatory techniques that saddle information
determined from topographic mappings or numerical definitions extrapolated from digital
elevation models [18, 19]. This analytical system, not as it were, encourages optimizing land
utilization techniques but also outfits priceless bits of knowledge that support the effective
implementation of differing endeavors over different spaces [20].

Furthermore, the recognizable proof and characterization of secondary and virtual basins
within the morphological context are essential for systematically categorizing drainage basins,
providing a solid system for their comprehensive analysis, application, and comparison [21,
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22]. It is essential to recognize that the explanation and investigation of morphometric
properties are unexpected upon several characteristic determinants, including topographical
compositions, surface landforms, climatic dynamics, soil properties, and vegetative cover, near
the characteristic temporal changes that characterize these dynamic systems [23-25]. Thus,
morphological studies confirm the multifaceted exchange between characteristic phenomena
and human activities, advertising profound experiences into the complex elements forming our
earthly landscapes and educating sustainable management practices for the benefit of present
and future generations [13, 26, 27]. The main researchers on morphometric analysis have
focused on assessing the characteristics of watersheds using Geographic Information System
(GIS) and remote sensing data [28-30]. These studies typically measure sub-basins linear, areal,
and relief aspects to understand their erosion susceptibility, flood hazards, and overall
hydrological behavior [31]. Utilizing tools like QGIS and Arc GIS software, researchers
analyse morphometric parameters to prioritize sub-basins for conservation and management
strategies, highlighting the importance of GIS in watershed evaluation and resource planning
[5, 32].

The study aims to search for the region's most important watersheds, characteristics, and
natural areas and invest in their geological, geomorphological, and climatic components.
The Tigris and Euphrates rivers and their tributaries represent the primary water source for all
state sectors. Recently, Turkey, Syria, and Iran have built a series of dams and reservoirs,
leading to a decrease in Iraq's water revenues from these two rivers and an increase in
population and water consumption. Let us not forget the climate changes and fluctuations that
the world has witnessed, including the region and the study area, in shedding light on the water
shortage problem (surface - groundwater).

2.1 Study area and geological setting

The Basin area is situated in the southwestern part of Iraq, within Al-Najaf Governorate, on
a gentle to moderate slope terrain with geographic coordinates ranging from 43°.0 to 44°.20
longitude and from 30°5 to 30°40 latitude Figure 1. The basin length from the high point to the
mouth of the main stream is 136.81 km with an area of 3628 km?. The elevation in the main
basin ranged from 43 to 397 m. The study area is tectonically located within the inner platform
of the Arabian platform [33].
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Figure 1: Location map of the Hasab basin

The Hasab basin area has diverse geological deposits, including Pleistocene and recent
Holocene Quaternary deposits such as valley fills, valley terraces, slope deposits, and
depression fill sediments [34]. The exposed formations in the study area include Umm Er-
Radhuma (Middle-Upper Palacocene), Dammam (Middle-Upper Eocene), Euphrates (Lower-
Middle Miocene), Nfayil (Middle Miocene), and Zahra (Pliocene-Pleistocene), Figure 2.
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Figure 2: Geological map of the Hasab basin [34]

3031



Ali et al. Iraqi Journal of Science, 2025, Vol. 66, No. 7, pp: 3028-3048

Within the basin region, the essential aquifer is the Dammam arrangements, as portrayed in
Figure 3. Over the western and southern desert locales, most aquifers recharge from
precipitation and runoff starting from discontinuous aqueducts. These channels contribute to
spillage losses into porous strata, breaks, gaps, joints, and cavities, particularly within shallow
aquifers. There are accepted to be a few hydraulic networks between aquifers [35]. The
direction of water spillage, whether descending or upward, depends on different variables,
including the piezometric relationship of aquifers, lithology, structural characteristics, and the
conveyance of water-bearing horizons.

The climate in this range is arid, with overwhelming hot summers and constrained seasonal
rainfall. The rainfall season extends from November to April, with an annual optimum

temperature ranging from 18.1 to 31.8 °C. The rainfall was the primary water source when
considering storage capacity above and below the surface, given an average yearly precipitation

of 94.5 mm.
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Figure 3: Hydrological map of the Hasab basin[34]
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3. Materials and methods

In the current work, morphometric attributes such as relief aspect parameters, aerial
characteristics, and linear characteristics were prepared based on digital satellite images and
auxiliary data. GIS and remote sensing techniques aid in detecting spatial variations in
morphometric parameters. The data was collected by remote sensing equipment, such as the
Japan Aerospace Exploration Agency (2021). Version 3.2 of the ALOS World 3D Digital
Elevation Model (DEM) features a 30-meter grid spacing. Additional resources, counting
topographic maps at a scale of 1:2,500,000 and geographical maps, were utilized to bolster

the morphometric analysis of the main basin and its sub-basins. Notably, the geometry of the
basin and its sub-basins was delineated utilizing the hydrology module inside the ArcGIS
Professional program.

4. Results and discussion
4.1 Morphometric parameters

The study categorizes morphometric parameters into linear, areal, and relief aspects. These
parameters were then calculated to assess both morphometric and hydrologic characteristics.
Morphometric analysis centers on hydrological processes like stream recurrence, bifurcation
proportion, circulatory proportion, and overland stream length inside the watershed, shaping
neighborhood landforms. Quantitatively measuring these features makes a difference in
evaluating the basin’s part within the hydrological cycle and understanding the shape, measure,
and arrangement of the region's landscapes. Hypsometric analysis and the hypsometric integral
were utilized to get most watersheds' quantitative geomorphological features and sub-basins.
Hypsometric analysis of watersheds determines the complexity of denudation processes and
the rate of morphological changes. It is valuable to compare the erosion status of watersheds
and prioritize them for undertaking soil and water conservation measures. The relationship
between morphometric parameters appears to be the solid impact of geological and
geomorphological structures on the drainage network, with streams taking after a dendritic
drainage pattern. This study included measuring morphometric aspects in linear, areal, and
relief measurements utilizing particular scientific equations recorded in Table 1.

4.1.1 Linear Aspects of the

The normal scientific formulae recorded in Table 2 were utilized to compute the parameters
considered when assessing the linear aspects parameters. In the quantitative analysis, a range
of linear aspect parameters are assessed to gauge the linear morphometric features of both the
main basin and its sub-basins. Figure 4. These parameters include stream hierarchical orders,
length of overland flow, Stream length (Lu), Mean stream length (MSL), Stream length ratio
(RL), Basin length (Lb), Bifurcation ratio, and (Rb)/mean bifurcation ratio (Rbm), Tables 2, 3
and 4.
Stream length (Lu) It is one of the most essential hydrological features as it reflects the
characteristics of the surface runoff of the streams. It is an essential indicator for knowing the
flood's peak within the waterways and the time the water travels to reach the downstream area.
As the length of the stream increases, the amount of water reaching the downstream area
decreases because it was lost during the flow, either through leakage or evaporation, which
reduces Flood risk, as well as its relationship to groundwater recharge the more extended the
stream, the greater the potential for groundwater recharge.
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Table 1: Methodology adopted for computation of morphometric parameters

Morphometric Computation parameters References
Linear Aspect Stream order Hierarchical rank [36]
Stream length (Lp) Length of the stream [37]
Lom =Lp/Np
Mean st(rfar;l length (Np=total no. of stream segments of a [36]
o given order)
Ri=L,/L,-1
. (Lu=total stream length of a given order;
Stream length ratio (R.) and L,—1=total stream length of its next [37]
lower order)
Ry=NuNp+ 1
. . . (Np=total no. of stream segments of a
Bifurcation ratio (Rb) given order; and Nu+1=no. of segments of [38]
the next higher order)
Mean bifurcation ratio Rym =average of bifurcation ratios of all
[39]
(Rom) orders
D=LJ/A
Areal Aspect Drainage density (D) (Ly=total stream length of all orders; and [40]
A=area of the basin)
F&=Ny/A (N,=total no. of streams of all
Stream frequency (F) orders; and A=area of the basin) [40]
Drainage texture ratio R=N./P (N.=total no. of streams of all [37]
(Ry) orders; and P=perimeter of the basin)
Infiltration no. (I [=R¢xF; (l}t=dr.a1nage texture ratio; and [41]
Fs=drainage frequency)
Length of overland flow L~=1/Dx2 [37]
(L) (D=drainage density)
Re=4 nx A/P2
Circulatory ratio (R) (n=3.14; A=area of the basin; and [42]
P2=square of the perimeter)
R=A/L?%, (A=area of the basin; and
Form factor (Ry) L%,=square of basin length) [40]
2 ’ A
El i io (R fe (;)/Lb 38
ongation ratio (Re) (A=area of the basin n=3.14; and Ly=basin [38]
length)
. . . Maximum elevation minus minimum
Relief aspect Relative relief (R;) elevation of the basin [23]
Rw=H/L, (H=total relief (relative relief) of
Relief ratio Ry the basin in kilometers; and Ly=basin [38]
length)
R.=D x T, /1000
Ruggedness no. (Rx) (D=drainage density; and T=total relief) [36]
. _ mean elevation—minimum elevation
Hypsometrlc Integral HI= maximum elevation—minimum elevation [23’ 36]
g F1-Ez _AH
&L AL
Stream gradient (Sg) E1-E2=difference in the elevation [43]
between two points on the stream (AH)
SL=Stream length (AL)
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Table 2: Stream number (Nu) and stream length (Lu) of and its sub-basins

Basin Stream order (U) (Number) Stream order Length (Lu) in Km

1 2 3 14|5]|6(7|Sum 1 2 3 4 5 6 7 |Total Lu
Iézz?k 5287|1207 (276 |68 |13|3|1|6855[4023.09 |2042.76|955.71 | 505.57|235.01 | 85.98 | 142.44 | 7990.56
SB1 |1225| 288 | 63 |15 4 |1|-|1596| 909.53 | 467.94 |189.37|104.81| 52.09 |75.17| - 1798.91
SB2 | 840 | 197 | 48 |13| 2 |1|-|1101| 739.75 | 317.19 |162.53| 60.75 | 65.21 | 8.05 - 1353.48
SB3 | 736 | 161 |43 |9 |1 |-|-]950| 55431 | 290.3 |152.07|101.75| 46.3 - - 1144.74
SB4 [ 315 | 87 |19 |4 |2 |1|-| 428 |249.43 | 142.54 | 61.28 | 22.82 | 16.83 | 2.45 - 495.35
SB5 | 342 69 | 17 |3 |1 |-|-]432]22594 | 112.33 | 67.73 | 51.32 | 14.07 - - 471.39
SB6 | 179 | 37 | 13 |4 |1 |-|-|234| 135.04| 69.04 | 3538 | 13.35 | 13.83 - - 266.64
SB7 | 160 | 36 | 10 |2 |1 |-|-]209| 12748 | 63.47 | 3133 | 5.70 | 17.66 - - 245.65

Stream order (U) and stream number (Nu) It represents the first step in the quantitative
analysis of rivers, as it expresses the hierarchical relationship between the number of river
streams and their classification into river classes according to the Strahler method. The grade
for each stream was estimated based on the presence of subsidiary tributaries and the gradual
gradient of currents until reaching the mainstream. The drainage design inside the basin area
takes after a dendritic design, where streams start from different parts of the basin and stream
in a southwest-to-northeast direction. Concurring with Strahler's ordering system, the study
range comprises seven progressive orders. The region's topography, structure, and lithology
are the main controlling factors in the shape of watershed and drainage patterns. The merging
makes the essential drainage network of the basin of two noteworthy tributaries, recognized as
SB1 and SB2 in Table 2. The main tributaries discharged into Bahr Al-Najaf represent a natural
depression located at the West Euphrates River in the western part of the Al-Najaf governorate,
center of Iraq.
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Figure 4: Drainage network map of the Hasab basin
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Mean stream length (MSL) The whole Lu of a specific arrange partitioned by the whole stream
number in that arrange yields the MSL. The mean stream length (MSL) of the Basin is 142.44
Km.

Stream length ratio (RL), According to [40], is the ratio of the total length of streams within
the taking after arrangement to the individual lengths of streams within the current
arrangement.

Basin length (Lb) is a variable related to many drainage basin characteristics.

It was depicted as a linear extension following the main stream from its outlet to the highest
point within its boundary, positioned at the water parting line. There are many ways to measure
the length of a water basin, including the Schaum method adopted in this study, represented by
measuring the distance extending from the mouth of the mainstream to the farthest point on its
circumference, provided that this line is parallel to the mainstream. Length was considered one
of the essential standard units for hydrological studies, where the rates of seepage and
evaporation are directly proportional to the basin's length. The Basin is 136.81 km long, and
the two main subbasins' lengths, SB1 and SB2, are 82.41 km and 54.34 km, respectively (Table
3). This variety contrasts within the stream number of portions between 1%-order and 2"-order
streams, showing the predominance of primary streams inside the study zone. This
concentration of stream portions inside the drainage network can impact the entire watershed's
morphological characteristics. Also, these streams' shape, estimates, and dissemination may
give clues regarding variables such as water runoff and surface runoff, particularly in slope-
sensitive provinces. These variables are primarily affected by land use and land cover,
highlighting the complex intuition between hydrological morphology and natural variables.

Bifurcation ratio (Rb)/mean bifurcation ratio (Rbm) It represents an important morphometric
measure. According to Strahler, the bifurcation ratio is the ratio of the number of tables in a
certain rank (Nu) to the number of tables in the next rank (1+Nu). Bifurcation ratio values
indicate water discharge rate, with high values showing a higher water drainage rate due to a
large surface area. In contrast, lower values indicate higher water infiltration, higher
permeability, fewer water channels, and no structural deformations in the basin. The values of
the bifurcation ratio usually range between 3 and 5 in regular basins. The importance of flood
risks increases as the bifurcation rate decreases due to the speed of arrival of water waves from
the upstream area. Generally, there are two classes of Rb: low class, which means the drainage
pattern is not affected by the geologic structures, and high class, which means the geologic
structures control the drainage pattern. Bifurcation values reflect the area's geological,
topographic, climatic, soil, and vegetation characteristics, and based on some papers, it can be
concluded that less than five may be classified as low and more than five as high [44]. Hence,
only subbasin SB3 is within the high class, and the main basin and subbasin are within the low
class Table 4.
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Table 3: MSL, stream length ratio (RL), basin length (Lb), and its sub-basins

. Mean stream length (MSL) in km Stream length ratio RL
dasin 1 2 3 4 5 6 7 1 2 3 4 5 6 7 |Lb (km)
Hasab Basin [0.76|1.69|3.46 | 7.43 | 18.08|28.66|142.44|0.51|0.47|0.53]0.46|0.37|1.66|56.10 | 136.81
SB1 0.7411.62(3.01| 6.99 [13.02| - - 10.51]0.40|0.55(0.50| - - - 82.41
SB2 0.88]1.61(3.39| 4.67 | 32.6 | 8.05 - 10.43]0.51{0.37(1.07|0.12| - - 54.34
SB3 0.7511.80(3.54|11.31| 46.3 - - 10.52]0.52]0.67|0.46| - - - 47.54
SB4 0.7911.64(3.23| 5.71 | 8.42 | 2.45 - 10.57]0.43]0.37(0.74|0.15| - - 26.92
SBS 0.66|1.63(3.98|17.11(14.07| - - 10.50]0.60]0.76|0.27| - - - 33.22
SB6 0.7511.87(2.72| 3.34 [13.83| - - 10.51]0.51]/0.38(1.04| - - - 17.92
SB7 0.80]|1.76(3.13| 2.85 [17.66| - - 10.50[0.49|0.18|3.10| - - - 22.34

Table 4: Showing Bifurcation Ratio (Rb)/Mean Bifurcation Ratio (Rbm) of the and its sub-
basins

Bifurcation Ratio (Rb)
Basin
1 2 3 4 5 6 7 Mean Rbm

Hasab Basin 4.38 4.37 4.06 5.23 4.33 3 - 423

SB1 4.25 4.57 4.20 3.75 - - - 4.19

SB2 4.26 4.10 3.69 6.5 2 - - 4.11

SB3 4.57 3.74 4.78 9 - - - 5.52

SB4 3.62 4.58 4.75 2 2 - - 3.39

SB5 4.96 4.06 5.67 3 - - - 4.42

Table 4- Continues.

Bifurcation Ratio (Rb)

Basin

1 2 3 4 5 6 7 Mean Rbm
SB6 4.84 2.85 3.25 4 - - - 3.73
SB7 4.44 3.60 5.00 2 - - - 3.76

4.1.2 Areal aspects

Areal aspects of a watershed include the description of areal elements such as the watershed
area, shape, perimeter, drainage density, drainage texture, and stream frequency; these aspects
can be reflected by parameters such as shape factor, form factor, elongation ratio, circulatory
ratio, and compactness coefficient. Areal aspects of the basin show a high potential for flooding
and soil erosion. This indicates that runoff from the upland area of the watershed is partially
infiltrated in the gentle downstream part, contributing to the potential for groundwater
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recharge, and most of the water is directly discharged to the low land area downstream of the
basin.

Table 5: Aerial aspect parameters of the and its sub-basins

Basin |Ba (km?)|Lb (km)|P (km)| Dd Dt Fs | Di | Rf | Cc | Re | Re | Ls | Lg | C
Iézz?r? 3628.07 | 136.81 |614.19(2.20| 11.16 |1.89|0.86|0.19(2.90|0.12|0.50|4.05|0.23{0.45

SB1 827.81 | 82.41 |264.50(2.17 6.03 1.9310.89(0.122.61|0.15]|0.39(6.44|0.23|0.46

SB2 625.08 | 54.34 |218.74|2.17 5.03 1.76 {0.810.21{2.49]0.16 | 0.52 {3.71 | 0.23 | 0.46

SB3 511.55 | 47.54 |218.73|2.24 4.34 1.8610.83(0.232.75|0.13]|0.54 [3.47[0.22|0.45

SB4 227.21 | 26.92 | 96.75 |2.18 442 1.8810.86(0.31|1.82]0.30|0.63 [2.50|0.23|0.46

SB5 209.58 | 33.22 | 99.58 |2.25 4.34 2.06(0.9210.19{1.95]|0.27|0.49 | 4.13]0.22|0.44

SB6 122.84 | 17.92 | 62.99 |2.17 3.72 1.900.880.38|1.61{0.39{0.70 | 2.05|0.23|0.46

SB7 107.72 | 22.34 | 73.36 |2.28 2.85 1.9410.85(0.2212.01|0.25]0.523.64|0.22|0.44
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Figure 4: Relationship between Area, Perimeter, Lb, and total stream length of all orders

Basin area (Ba) and Perimeter (P) The river basin's area was directly related to the most
morphometric characteristics of water discharge volume and speed and the rainfall amount
received. The basin covers 3628.7 km?, with the largest sub-basin, SB1, covering 827.81 km?.
Basin circumference was related to many morphometric characteristics, such as the shape of
the basin, its roundness, and its elongation. The more it spread and expanded, the greater its
geomorphological development.
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Figure 5: Spatial distribution of (a) Dd, (b) Dt, (c) Fs, (d) Di, (e) Rf, (f) Re in the Hasab basin

Drainage density (Dd), drainage intensity: Reflecting the drainage network's prevalence and
fragmentation within the watershed area. Natural elements, including geological composition
and rock type, control the river system's discharge intensity. [45] classified the Dd into three
types: poor 0.5, medium 0.5-1.5, and excellent 1.5. The drainage density of its subbasin is
slightly larger than the two values, which were classified as excellent type according to [45].

Drainage texture (Dt) expresses the extent to which the basin's surface is interspersed with
water streams, that is, the extent to which these streams are close or far apart. It also represents
the total number of streams at the basin levels without considering their lengths in the
calculation. The drainage texture is affected by several factors, the most important of which
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are the geological structure, surface, and climatic factors, in addition to the nature of the
vegetation [32, 46]. The drainage texture is classified into five categories: very coarse less than
2, coarse 2-4, medium 4-6, fine 6-8, and very fine more than 8. Fine texture means high
drainage density, unlike rough texture, which means low drainage density. The Dt of the basin
is equal to 11.6, which is considered very fine, while subbasin values vary from coarse to very
fine Table 5.

Stream frequency (Fs), the water discharge volume, is reflected in the large number of wadis
per square kilometer. It is expressed as the total number of valleys in the basin divided by its
area. Fs for the main basin and subbasin vary from 1.76-2.06 Table 5. The type of rock and
soil, the shape of the land, the amount of rainfall, and the type of vegetation determine a river's
shape, size, and flow. The given value indicates that lithology rainfall and topography are
primary factors that influence the formation and growth of streams in the subbasins, whereas
the vegetation cover is rare and mainly of shrubs and herbaceous. The low stream frequency
value within the drainage basin implies that fewer structural interruptions lead to a heightened
rate of surface runoff and rapid stream flow from the streams of higher orders, as mentioned
by [47].

Drainage intensity (Di), the ratio of Fs to Dd, is known as Di [41]. The findings indicate
minimal Di variation across the main basin and subbasins, with generally low values
throughout. The low topography in the area with low Di value reflects high infiltration and low
runoff.

Form factor (Rf), a morphometric scale, helps demonstrate the relationship between the length
and area of the pelvis. The shape coefficient refers to the regularity of the basin's overall shape
along its upstream-to-downstream stretch. The pelvic shape parameter indicates how close or
after the pelvic shape is to the triangle shape. Their value ranges from 1 to 0, with low values
indicating that the pelvic shape is close to the triangle, and if its value is close to the right, it
indicates an increase in the area-to-length ratio. The form factor (Rf) is the ratio of the
watershed area to the square of the length of the watershed. A form factor < 0.78 indicates an
elongated shape, and > (.78 indicates a circular shape. The form factor (Rf) values for the main
basin and subbasins range from 0.12-0.38; consequently, the studied basin and subbasins are
elongated or fern-like shapes, Table 5.

The elongation ratio (Re) measures the shape of basins. It compares the maximum length of
the basin to the diameter of a circle with the same area. The ratio ranges from 0 to 1, with a
value below 0.5 indicating severe elongation of the pelvis, while a value above 0.5 indicates
that the pelvis was moving away from a rectangular shape and approaching a circular shape.
The Re value for the basin is equal to 0.5, while for subbasins ranges from 0.39 — 0.7, which is
classified as elongated and more elongated Table 5.

The circularity ratio (Rc), the roundness ratio, is a geometric characteristic that expresses the
proximity of a basin to a regular circular shape. [42] developed the rotation rate equation for
the area of a circle with equal circumference. The values range from 0 to 1, with values close
to zero indicating a rectangular shape and values close to one indicating a circular shape.
Elongation is the longitudinal extension of the basin in the direction of surface flow. This ratio
indicates how close or far the shape of the basin is from the regular circular shape. If the rotation
ratio approaches 1, the basin tends towards the circular shape, while if it moves away from 1,
the shape of the basin moves away from the circular shape and indicates a zigzag and irregular
dividing line of water. This parameter confirms the elongated shape of the basin and subbasin.

3040



Ali et al. Iraqi Journal of Science, 2025, Vol. 66, No. 7, pp: 3028-3048

Lemniscate shape ratio (Ls), after one of the indicators indicating the shape of the pelvis,
Chorley proposed this parameter. To express the geometric shape of watersheds, if the values
are equal to the correct value, this indicates the ideal circular shape of the basin. However, if
the values exceed 1.27, the basin will move away from the circular shape and approach the
rectangular shape, and it will have a very long shape if the values range between 10-15. The
basin and its subbasin, with a value of Ls larger than 2, confirm the elongated shape, Table 5.

The compactness coefficient (Cc) is a time scale that expresses the stage of development that
water basins are going through. It also indicates the amount of rock resources still waiting for
their role in development. Topographical characteristics gain their importance through some
prevailing or previous environmental factors of the basin and their mutual relationship with
other characteristics. The Cc value for the basin is 2.9, while for the sub-basins, it ranges from
1.61 (SB 6) to 2.61 (SB 1). This suggests that water takes longer to reach its peak flow in the
basin than in the sub-basins as suggested by this parameter.

Length of overland flow (Lg), the length of the water stream that sometimes arrives recently
concentrated in forever-introduced seepage channels or chiseled stream channels, is known as
the length of the overland stream (Lg) [48]. Most of the time, the Lg normal is around half the
normal of the stream channel dispersing. Subsequently, it is comparable to half of the Dd's
corresponding [37]. The Lg values of both the bowl and its subbasins are around 0.22. This
likeness in Lg values can be ascribed to comparable components such as slope, lithology,
vegetation cover, precipitation concentration, and infiltration capacity. Within the upper
portion of the Hasab, which incorporates the basin, the terrain is hilly and secured by bushes
with inadequate to thick forest. In contrast, the lower section consists of flatter areas, including
sloping and undulating fields with loose and loamy soil land-cover classes. The consistent Lg
value across the basin and its subbasins indicate gentle slopes and longer flow paths for water
within the drainage network.

The constant of channel maintenance (C), the C value signifies a level of surface susceptibility
to erosion and infiltration depth, serving as a valuable indicator for assessing surface erodibility
and the factors influencing surface degradation and drainage system evolution. Consequently,
it can be applied to undeveloped sections of a drainage system to assist in predicting areas
prone to future sediment loss [38]. The C values for both the basin and its subbasins are around
0.45. These values show that most bowls and sub-basins display low C values, suggesting a
low penetration rate, tall erodibility, penetrability, and elevated surface runoff.
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4.1.3 Relief aspect

Basin relief (R) The slope ratio means the difference in elevation between the highest point
and the lowest point, and it is a measure of knowledge of the topographic nature, drainage
density, water depth, and structural strength, in addition to the qualitative amount of sediment
transported, and the rate of erosion. Erosion increases with the rate of bifurcation and river
grades. It also appears from its effect on flow speed and drainage volume. The speed of flow
increases with the steepness of the slope while the chances of underground leakage decrease,
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and the opposite lies in the decrease of the slope. The relationship between the extent of
crushing and the intensity of the effectiveness of erosion agents is directly related. It increases
with its increase and decreases with its decrease. The key parameters of both the main basin
and sub-basins, such as the elevation of the highest and lowest points, basin relief, relief ratio,
relative relief, ruggedness index, and hypsometric integral (HI), were calculated and assessed,
Table 6.

Table 6: Calculated values of the maximum height of the basin, height of the basin mouth, and
basin relief

Basin 1_1;: ?Xﬁ BEE L ef:\?:tlilo ?ei?::? I?ziilgf Relative Rpggedness Hypsometric Int. (HI)
ght | mouth n (R) (Rh) relief (Rhp) | index (N)
1;22‘1’ 397 43 | 27119 | 354 2.90 0.58 0.60 0.64
SB1 396 208 321.02 188 4.81 0.71 0.70 0.60
SB2 397 289 328.09 108 7.31 0.49 0.71 0.36
SB3 308 147 236.61 161 6.48 0.74 0.53 0.56
SB4 359 289 316.64 70 13.34 0.72 0.69 0.39
SB5 331 242 286.27 89 9.96 0.89 0.64 0.50
SB6 323 277 299.01 46 18.02 0.73 0.65 0.48
SB7 179 91 138.69 88 8.01 1.20 0.32 0.54

The relief ratio (Rh), the proportion between R and the longest measurement of the bowl
parallel to the vital seepage line, is called Rh [38]. The Rh value varies widely across the Hasab
due to geomorphologic and topographic differences.

Relative relief (Rhp) is another measure between the intensity of erosion of the basin from the
side and the degree of resistance of its rocks to erosion from the side, and the other is a
quantitative representation of the mutual relationship between the value of relative erosion (the
difference between the highest level and the lowest point in the basin) and the amount of the
basin’s circumference. It indicates the relationship between the topography of the basin and
the basin’s surroundings and the relationship between the relative topography and the degree
of resistance of rocks to erosion processes when the climatic conditions are similar, a negative
correlation. Low values indicate weak resistance of rocks, active erosion agents, and the
activity of erosion agents. Thus, they reflect the ability of waterways to erode high areas of the
basin, and high values indicate the resistance of the rocks and the weakness of erosion factors.
The Rhp of the basin and subbasin are less than 1.2 Table 6. The data of the Rhp are categorized
into four groups: low, moderate, high, and very high. The main basin and all subbasins are
characterized by relatively low values within this classification scheme.
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The slope, the main basin, and the subbasin have slopes that range from almost flat to very
flat. Most of the slope ranges fall under low-sloping categories. The slope of the main basin is
affected by the structural setting and the type of rock or soil in the area. Basin areas with low
slopes are more likely to infiltrate precipitation into the subsurface areas Figure 8.

Aspect Angle, the point of view alludes to the compass's introduction of the steepest downbhill
slope or azimuth of inclination from the north [49]. Viewpoints are critical in microclimates,
especially in dry and semiarid locales. This is often because vegetation patterns differ between
slopes confronting the sun and shaded inclines in such environments, as they encounter
distinctive micro meteorological conditions. Mostly, the vegetation cover tends to be denser on
shaded slopes compared to sun-facing slopes, as moisture substance is held longer on the
shaded side.[50]. Microclimatic varieties inside a given region depend on the direction of slope
introduction or angle, impacting hillslope and drainage basin improvement [51]. For example,
slopes facing northeast, east, and southeast, exposed to the sun during the hottest time of day,
tend to be warmer than slopes facing the opposite direction.
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Figure 8: (a) slope and (b) aspect maps in the Hasab basin
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Hypsometric analysis

Hypsometric analysis is a time scale that expresses the stage of development that water
basins are going through. It also indicates the amount of rock resources still waiting for their
role in development. Topographical characteristics gain their importance through some
prevailing or previous environmental factors of the basin and their mutual relationship with
other characteristics.

Hypsometric integration (HI) indicates the length of time that the erosion cycle took in
watersheds. It also expresses the relationship between the basin and the basin’s topography and
explains the morphological stages that the basin has reached. [37] classified into three
categories, as the basin is in an early stage, while the largest part is still in the erosion cycle 35,
where the induction process is superior to precipitation. It is in the mature stage if 45 of its
area is removed, as erosion is balanced by water deposition, while it is in the aging stage if 55
of its area or more is removed. This scale is used to determine the length of time that watersheds
have gone through in their cycle of terrain erosion, and it is extracted according to the equation
in Table 1 [23, 31].

HI values give experiences not only in the basin's erosional organization but also in its
tectonic, climatic, and lithological conditions. As depicted by [23], the erosion cycle can be
classified into three stages: monadnock (old) arrange (HI < 0> 0.6), meaning a high
susceptibility to disintegration. Based on the HI values for the basin and its sub-basins, it can
be induced that the Hasab basin and most sub-basins are within the late youthful or mature
stage, and only SB2 and SB4 are within the old stage Table 6.

5. Conclusions

The study zone, for the most part, shows a delicate slope from the southwest to the northeast.
The drainage network and geographical composition of the zone essentially impact the rate of
groundwater penetration into the subsurface. In certain occasions, morphological features like
lineaments, flaws, and fractures can improve the infiltration rate inside the basin.
Morphometric analysis, encouraged by remote sensing and GIS technology, is an effective tool
for hydrological analysis of drainage networks and basin delineation. It offers quantitative
morphometric experiences into different characteristics of the study region, such as stream
length, basin width, area, perimeter, and more. The shape parameters of both most basins and
subbasins recommend an elongated form, demonstrating that these basins typically encounter
smaller flood peaks and have longer flowways. In differentiation, circular basins tend to
quicker floods and expanded dregs transport load. By measuring straight, areal, and relief
characteristics, has been able to watch the interaction between hydrological systems and their
related landforms. The study area has a dendritic drainage pattern, and the nearly flat to
moderate slope terrain consists of streams with long flow lengths. Geological formations
influence the drainage pattern. The hypsometric evaluation of the main basin and subbasin
indicates the equilibrium or mature stage of landscapes.
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