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Abstract

The goal of this study was to investigate the morphometric analysis of the Taqtaq watershed in the Koysinjaq
district, which is in the northeastern portion of Erbil, Kurdistan Region of Iraq (KRI). The watershed has an area
of 881 km2. The Digital Elevation Model-Shuttle Radar Topography Mission SRTM-DEM data, as well as Geo-
information methodologies, were utilized to determine and analyze morphometric parameters, like lineal, aerial,
and relief characteristics in order to achieve the study's goals. To create and producing maps, as well as
analyzing and evaluating specific criteria, a variety of functionalities in ArcGIS 10.8 software were utilized. By
R2 values (R2 = 0.79 and 0.80 of the sub-basin), the major results revealed a difficult opposing connection
between stream order, number, and length in the watershed of the study area. The watershed is elongated in
form, with drainage patterns ranging from dendritic to sub-dendritic to parallel to sub-parallel. According to the
study's findings, the drainage also has poor drainage, low permeability content, and a slight slope. The creation
of landforms and watershed efficiency has been impacted by the research region's structural geology and
climatic circumstances. The current study can be beneficial, and significant for watershed preservation and
rainfall preparedness.

Keywords: Morphometric characteristics; R.S.; STRM DEM; GIS; Taq Taq Watershed.

1. Introduction

Watershed refers to the hydrological units that occur naturally, are defined by the natural
occurrence of the boundary, and are distinguished by identical physical, environmental, and
climatic situations. A Watershed is characterized as a land area contributing to runoff along a
water path to a mutual point. It is thus considered an appropriate unit for the containment of
flood risks and the conservation of water supplies. Watershed management needs to use a
given watershed for the best development and minimal damage to natural resources for
different aspects of ground cover, such as land, water, soil, and forest resources (Biswas et al.,
1999, pp. 155 - 166). Morphometric investigation can be identified as a scientific analysis of
the surface structure, form, and measurement of the landforms of the Earth. The Geographic
Information Systems (GIS) reflects it to be an important tool (Aziz et al., 2018, pp. 36-49;
Agbasi et al., 2019, pp. 1013-1017) for the study of water resources in the basins, delineation,
morphometric analysis for the drainage basin (Al-Sudani, et al., 2018, pp. 165 - 168), and
water management suitability analysis. The use of remote sensing (RS) and GIS for
morphometric variable analysis considers that the classification of watersheds for soil, water
protection, and management of natural resources is of major importance. One of the
maximum active, time-saving, and reliable morphometric basin analysis techniques is remote
sensing satellite data (Rai et al, 2017, p. 218).

Digital Elevation Model (DEM) is commonly used to reflect and analyze surface topography
and topographical analyses and determine topographical characteristics that are one of the
greatest significant exponents of the extraction of hydrological attributes. The appearance of
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dry valleys (watersheds and drainage systems) may be defined through DEM research. DEM
is also used in hydrological research to delineate the drainage network, the catchment
boundaries, and the hydrological descriptors in the calculation. The Shuttle Radar
Topographic Mission (SRTM) offers a satellite DEM that is commonly used with acceptable
precision for watershed delineation and hydrological studies due to its overall exposure to the
Earth's surface (Bhang and Schwartz, 2008, pp. 497 - 501). Various studies have discussed the
production algorithms for basin characteristics in recent decades. (R. Turcotte et al., 2001, p
225-227).

An incorporated RS and GIS technique was used in this analysis to delineate the watershed
and to measure Taqtag sub-basin morphometric parameters in the Koysinjaq Area. The
morphometric research findings help predict floods, their magnitude, and intensity. In
addition, it is also essential to define and manage the future groundwater zones and the
protection of the watershed, including the entire range of natural resources related to the
watershed. This analysis may benefit the municipal planners, and public policymakers for
agricultural/water management approaches.

2. The Study Area

The Tagtaq sub basin (Fig. 1) is located in Koysinjaq district, Erbil Governorate, KRI. It is
situated in a mountainous region east of the province of Erbil in northeastern Irag.
Astronomically, Taqgtaq watershed is extended between latitudes (35°48° N to 36°8’ N) and
longitudes (44°16° E to 44°44° E). It occupies an area of approximately (881 Kmz2). Koisinjaq
district consists of five sub-districts: Shorash, Ashti, Segrdkan, and Taqtag. Geographically,
the district has major positions connecting three Iraqi governorate centers: Erbil,
Sulaimaniyah, and Kirkuk, to the north-east, is Haibat Sultan Mountain and to the west is
Bawaji Mountain.

The primary source of surface water initiating as of the Lesser Zab River, and rapid growth
and progress have been experienced in the past two decades. Also, the northern part is
distinguished by numerous uphill (Babir and Ali, 2016, pp. 423-426). The position of the
study area is between the foothill and high-folded area and the Chemchemal-Butma sub-zone
zone in terms of tectonics (Jassim and Goff, 2006, pp. 71-73). PilaSpi, Fatha, Injana,
Migdadiya, Bai-Hassan, and Quaternary deposits are the geological formations in the study
basin (Bellen et al., 1959, p. 214).
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Fig. 1: DEM (SRTM) represents the location map of the Taqgtaq watershed.

3. Materials and Methods
The morphometric computation was conducted using SRTM - DEM data with 30 m spatial
resolution meters that have been downloaded from (Earth Explorer. USGS). SRTM data is a
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Near-Global digital elevation model using Radar interferometry. A topographical map with a
scale of 1:25,000 was used to delineate the watershed boundary. The hydrology tool of Arc
GIS 10.8 (Spatial Analyst Tools) was used to delineate the sub-basin and to achieve
morphometric analysis such as linear and aerial aspects. Furthermore, DEM was employed to
extract hydrological information such as drainage networks and the boundary to delineate the
watershed. The research methodology flowchart is illustrated in the diagram below (Fig. 2).
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Fig 2: Research Methodologies Flowchart

3.1. Fill the Depressions

The cells with an elevation lower than the bordering cells usually correspond to the stressed
cells in this process. In this case, when extracting a watershed parameter from DEM data
caused by the current noise in sensors, DEM can create depressed cells (Lindsay, J.B., 2016,
pp. 658-660). The sinks were eliminated with the fill alternative to reduce the drainage
discontinuity. The depression filling system usages an 8-flow path matrix (D8) to prepare
valid DEM information. The D8 solution is known to be one of the most efficient. Popular
methods have been used from DEM data to delineate the basin networks (Fig. 3).

Fill to lowest
Neighboring cell

/

Sink

Fig. 3: The process of filling the sinks.
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3.2. Flow Direction

In hydrological modeling, the flow direction is an important step that has been utilized to
define the direction of flow for each cell (Fig. 4). Before defining the flow path, the filling
phase must be completed. The D8 approach was used in this analysis to define the flow
directions using the filled DEM. It is one of the easiest approaches to classify each cell's flow
direction depending on its eight surrounding cells (Martz and Garbrecht, 1993, pp. 901-903).
ArcGIS-hydrology tools allow water to flow in various directions from one cell to a single
neighboring cell, along with the steepest descent path encoded (Maidment, 2002).

3.3. Flow Accumulation
In this step, each cell has a specified value equivalent to the integer number of cells that flow
into it (O'Callaghan and Mark, 1984, pp. 324-326) (Fig. 4). Using the flow accumulation
method, which depends on the direction of flow of any cell, the basin was created (Mark,
1983, pp. 359-360). It is necessary to delineate the watersheds by pouring points (the lowest
point at the side of the basin) where the water runs out of the area.

ojo|o
1

0 [0 ] 1
of1] 0

Flow direction Flow accumulation

il

Direction coding

(=3 N=]

(=B RN R R= §=]
N|lo|lo|lW|=|O
N
N
= Q

%= M
=PI
i

4]

Fig. 4: Cell neighborhood indicating the course of flow and aggregation of flow.

3.4. Basin Delineation
The whole land and water area from which rainfall-runoff drains into any water body, such as
a stream, river, lake, or ocean, is referred to as a watershed. It could be a level location or one
with hills or mountains. Watershed is often used interchangeably with the term’s drainage
basin and catchment area. The watershed boundaries are the limits that separate watersheds
from one another. It classifies all sets of related cells belonging to a certain watershed (Figs.
5-6). The drainage basins are extracted by locating the pour points on the edges of the study
window (where the water flows from the raster) and perhaps even the sinks and then defining
the involvement region in front of each pour point. This applies to the drainage basin system
(Maidment, 2002, p. 14).
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Fig. 5: Taqgtaq Sub-Basin Boundary.
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Fig. 6: Watershed outlining, stream order, and extraction of the basin borderline.

3.5. Morphometric Analysis and Parameters

The morphometric characteristics of a given basin deal with its quantitative morphological
investigation, identifying the area's basin relationship, the measurements, and the quantitative
study of the relief of the basin and its density texture (Abou-EI-Enin, 1990). These studies are
very relevant and must be recognized when developing programs and constructing irrigation
systems to measure runoff in the intermittent and perennial basins. To delineate the basin and
morphometric analysis of linear and aerial aspects, the Arc GIS 10.8 (Spatial Analyst)
hydrology method was used. Moreover, DEM was used to extract hydrological data such as
drainage networks and boundaries of watershed delineation. Three types of morphometric
parameters are available, namely linear, areal, and relief aspects (Table 1 and Fig. 7).
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Figure 7: Drainage network and morphometric analysis of the watershed studied.
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| Morphometric Parameters | Formula Results Reference

Linear Morphometry

1 | Stream Order N(u) GIS 6th Order Strahler (1964)

2 | Stream Length (Lu) Length of the basin Total = 1775 km | Horton (1945)

3 | Mean Stream Length (Lu-) Lu=YLu/YNu-1 Table 2 Strahler (1964)

4 | Stream length ratio (RLu) RLu=3Lu/YLu-1 Table 2 Horton (1945)

5 | Bifurcation ratio (Rb) Rb=>Nu/YNu+l Table 2 Schumm (1956)

Rb = Y'Rb / Toaql No. of orders
6 | Mean bifurcation rastio (Rb-) | where, Rb = Average of 30.89 Strahler (1964)
bifurcation ratios of all orders

7 | Basin length (Lb) Lb=1.312* A%56 61.8 km Rawat et al.,2017

g | Basin Perimeter (LP) Length of basin boundary 170 km Rawat et al.,2017
Areal Morphometry

1. | Drainage Area (A) Area of a drainage basin 881 km? GIS

2. | Mean Basin Width (Wb) Wb=A/Lb 14.27 km Horton (1945)

3. | Drainage Density (Dd) Dd=YLu/A 2.01 km-1 Horton (1945)

4. | Stream Frequency (Fs) Fs=YNu/A 3.31 km? Horton (1945)

5. | Drainage texture (Td) Dt=YNu/Lp 17.17 km? Horton (1945)

6. | Circularity Ratio (Rc) Rc=4*Pi*A/Lp? 0.38 Bhawan (1998)

7. | Elongation Ratio (Re) Re=2/(A/Pi)/Lb 0.71 | Schumm (1956)

8. | Form Factor (Ff) Ff=A/Lb? 0.23 Horton (1945)
Relief Morphometry

1| Basin relief (Rb) Rb = H (maxi) — H (mini) 992m Veeranna et, al
Where H = Elevation (m) (2017)

2. | Relief ratio (Rr) Rr=R/Lb 0.06 Veera”“?Z%t'l%'

3. | Ruggedness number (Ra) Ra=(H/1000) *Dd 2 Veerannz‘z‘g‘i%'

Table 1: Methods and results assumed for calculating Taqtaq watershed morphometric parameters.

3.6.

Linear aspects

Linear aspects include several parameters, through which the characteristics of linear drainage
can be measured. For instance, basin-length, stream-order, perimeter, stream-number, stream-
length, mean stream-length, stream-length ratio, and bifurcation-ratio are mentioned below.
3.6.1. Basin-Length (Lb)
The length of the Basin is the distance between the catchment and the point of confluence
(Gregory and Walling 1973, p. 321). This measurement is necessary to determine the shape
and the relative relief of the watersheds.
The basin's length is the geometric measurement of the structure and length of the drainage
watershed. It is the basin's maximum length inside a full circle along the basin's boundary,
which runs in the same direction as the mainline (Rawat et al.2017, pp. 3-4).
3.6.2. Perimeter length (Lp)
Lp Perimeter length is the linear length of a drainage basin perimeter. It is the boundary of the
stream's watershed (Rawat et al., 2017, pp. 3-4).
3.6.3. Stream order
The first phase in morphometric analysis of drainage basin analysis is stream ordering, which
IS a measure of a stream'’s position in the hierarchy of tributaries (Strahler 1964). When two
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channels with various orders join, according to Strahler's method, the higher order is then
established (Strahler, 1952). In this research, Strahler's method, which is a marginally updated
Horton system (Horton, 1945, pp. 285-293), was used.

3.6.4. Stream number (Nu)

A stream number is a collection of branches of distinct stream segments that attempt to
approximate Horton's converse geometric ratio in an assumed drainage watershed (Horton,
1932, pp. 350-361 in Ali and Khan, 2013, p22). The relationship between stream order and
stream number has been discovered to be inverse.

3.6.5. Stream length (Lu)

(Lu) The length of each stream order in a drainage basin is known as stream length that can be
produced by using ArcGIS software on the base of the proposed stream length (Horton, 1945,
p 291). The number of the extents of all streams in a certain order is the total length of each
stream segment.

3.6.6. Mean stream length (Lu-)

By multiplying the overall length of the stream in a given order into the overall number of
stream orders as in the basin, the average length of the stream can be determined. The mean
stream length is said to have a direct relationship with the stream's order, with each increasing
stream segment lengthening the total mean stream length. (Aravinda and Balakrishna, 2013,
pp. 514-522).

3.6.7. Stream length ratio (RLu)

RLu is the ratio between the total length of the stream order (Lu) and the next lower order's
entire stream lengths (Horton, 1932, pp. 350-361 in Ali and Khan, 2013, p22).
3.6.8. Bifurcation ratio (Rb)

Rb is the proportion of the number of stream lengths of the order to the number of
constituents of another higher stream order. It was known as the Release and Separation Index
(Schumn, 1956, pp. 603-608 in Ali and Khan, 2013, p24).

3.6.9. Areal Aspects
3.6.9.1. Area of the basin A
The watershed region is the area beyond the basin's boundaries.

3.6.9.2. Stream frequency (Fs)

The proportion of the total number of streams in a watershed divided by the watershed's area
is the frequency of the stream, which was introduced by Horton (1945). Precipitation is the
most essential factor in influencing this ratio. The greater the stream values, the better. High
surface and subsurface rock resistance, low permeability lithology, increased relief, and scant
vegetation cover are all frequency indicators. On the other hand, low stream frequency values
are associated with low resistance, low surface and subsurface material lithology, and low
relief (Kumar, 2013, p. 3).

3.6.10. Drainage Density (Dd)

Drainage density is the total length of streams of all orders (km) per drainage area (km2). It is
a crucial numerical parameter for displaying watershed growth due to the influence of
climate, geology, structure, area relief, and landscape shape governed by variables that
indicate drainage density ratio. The drainage density is determined by dividing the complete
stream tributary length of all orders into the total stream length of all orders in the area of the
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watershed (Horton 1932, pp. 350-361; Pareta and Pareta, 2011, pp. 249-253). The high
drainage density number indicates permeable subsurface lithology, lower relief, and a denser
vegetation cover region. On the other hand, the low value is due to less permeable or poor
subsurface lithology, increased relief, and sparse vegetative cover (Rawat et al.,2017, pp.3-4).

3.6.11. Drainage Texture (D.t)

The drainage texture, which indicates the relative spacing of drainage lines and those used to

evaluate permeable and impermeable materials, is one of the most important aspects in the

morphometric examination. The drainage texture is calculated by multiplying the basin's

circumference by the total number of streams in all orders. (Horton, 1932 in Ali and Khan,

2013, p. 24). The drainage texture is split into five types: extremely rough (less than 2), rough

(2-4), moderate (4-6), fine (6-8), and very fine greater than 8. (Rawat et al., 2017, p. 3-4).
3.6.12. Elongation ratio (R.e)

The ratio of the circle's diameter to the watershed's extreme length is the same as the
watershed's length (Schumm, 1956, pp. 597-646; Kumar, 2013, pp. 3-4). Over a broad
variability of climatic and geologic forms, the ratio values typically range between 0.6 and
1.0. Circular (>0.9), oval (0.8-0.9), and somewhat elongated to elongated (0.7) values are
further characterized.

3.6.13. Circularity ratio (Rc)

As the ratio of the watershed region to the amount that the circle has the same diameter as the
basin (Ali and Khan, 2013, p. 24). As a quantitative technique, the circularity ratio is a
dimensionless parameter used to compute and estimate the form of the watershed, and it goes
from 0 to 1 for an elongated watershed to a circular basin (Veeranna et al., 2017, p. 1805).

3.6.14. Form factor (Ff)

The form factor is a ratio of watershed area to the square of the length of the watershed. It is
the division of the watershed area by a square of the maximum watershed length (Aravinda
and Balakrishna, 2013, pp. 514-522).

3.6.15. Relief Aspects

Relief aspects are represented by several critical parameters in the morphometric study.
Variables such as basin relief, relief ratio, watershed slope, and roughness number may
identify the pattern of water movement and are used to comprehend the development and
denudation of the watershed.

3.6.15.1. Basin relief (Rb)

The difference between the maximum and minimum altitudes within a watershed is known as
basin relief (Rawat et al., 2017, p. 5). A 30 m resolution DEM was used to get the elevation
values of the field.

3.6.15.2. Relief Ratio (Rr)

The relief ratio was obtained by dividing the overall relief of the watershed by the extreme
length of the basin estimated close to the stream's highest line. (Schumm, 1956, pp. 596-646;
Pareta and Pareta, 2011, p. 256). The steep gradient and high relief basin result in a high relief
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rating, whereas the low value indicates hard rock and a smooth slope. (Veeranna et al., 2017,
p. 1805).

3.6.15.3. Ruggedness Number (R.n)

The roughness number reflects the terrain's structural complexity in relation to relief and
drainage density. It also suggests that the land is prone to soil erosion. (M Rashid et al 2011).
It can be obtained as a result of drainage density multiplying to the watershed relief. This
parameter is important to evaluate the watersheds impedance to soil erosion for high gradients
and the drainage system slope (Aravinda and Balakrishna, 2013, pp. 516-520). The low
ruggedness number indicates that the watershed is more susceptible to soil erosion and more
influenced by structural geology. On the other hand, the high ruggedness score shows that the
watershed is vulnerable to soil erosion as a result of the area's increased relief and drainage
density (Rawat et al., 2017, p. 5).
3.7. Results and Discussion

The study results showed that the length of the Taqtaq sub-basin is 61.8 km, while its
perimeter is (170 km, while the stream order of the watershed is the 6th order (Table 2 and
Fig. 7). The total stream number of the Taqtaq watershed is 2919, wheras the total length of
stream and stream orders have a generally inverse relationship. The overall stream length
decreases as the stream order increases, and vice versa. The watershed's stream extent in the
study area is illustrated in (Table 2). The ratio of the stream length of Taqgtagq watershed is
ranging from 0.5 for the 1st order and 0.8 for the 5th stream order. The lesser bifurcation ratio
value shows that geological and structural disturbances have little or no impact on a region's
drainage system. The watershed drainage segment controlled by the structural and geological
influences, is demonstrated by the larger value of the bifurcation ratio. The bifurcation ratio of
Taqtaq watershed ranges from 2.14 to 147. The average bifurcation-ratio is 30.89. The higher
values of the bifurcation ratio are appearances of the watershed, which has a lower risk of
flooding. The influence of local geological structure is principal. However, the shape of a
basin also has a significant effect, and the bifurcation ratio inclines to be in height value when
the shape is elongated (Verstappen, 1983, 149-150).

Stream Stram Mean Stream . . Mean
L Numbers Length (Lu) S Length S Bifurcation

Order (u) (NU) Kkm Ler_1)gt(hm(Lu Ration (RI) Ration (Rb) Ration

1st 1530 916 0.60 0.50 2.14

e 714 459 0.64 0.46 1.97

3rd 362 213 0.59 0.39 2.19

n 30.89

4t 165 83 0.50 0.70 1.12

5th 147 58 0.39 0.80 147.00

6t 1 46 46.33

Total 2919 1775

Table 2: Parameters of the linear characteristics of the drainage basin in the study area.
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The area of the Taqgtaq sub-basin is about (881 km2), while the stream frequency of the
watershed is 3.31 no./km? which is moderate to high. In the watershed, this entails high relief
and low permeable rocks. Non - permeable subsurface substance, shallow vegetation, more
relief, high surface runoff, and less infiltration capability of the regions are commonly
correlated with high basin frequency (Vincy et al. 2012, pp. 661-684). Furthermore, the area's
drainage density value is 2.01, which indicates an intermediate drainage density. According to
Reddy et al. (2004), the presence of impermeable surface material, sparse vegetation, high
relief, and heavy rainfall (Seasonal and Annual) are largely responsible for the value of
drainage density in the studied area, which indicates of more runoff, and subsequently a low
infiltration rate. It demonstrates that stream frequency is proportional to density texture (Table
3). The drainage density of the analyzed basin was calculated and mapped using the spatial
analyst tool in ArcGIS 10.8 software (Fig. 8).
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Fig. 8: Drainage density linearization map of the drainage basin in the study region.

According to Horton (1945), The value of 17.17 km3 of the Taqtag sub-basin has
demonstrated that the analyzed watershed belongs to very fine drainage textures. The result of
the elongation ratio is 0.7.

The elongation ratio value less than 0.5 denotes a more extended watershed, elongated
watershed (0.5 to 0.7), and the increased value of this ratio to 1 reflects the basin form, which
becomes circular. (Schumm, 1956, pp. 597-646). The watershed's circularity ratio is 0.38,
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indicating an elongated shape in the study area, exposing the impermeable significant and
intermediate slope angle in the chosen watershed.

The examined watershed's form factor value is low (0.23), indicating that the watershed has a
lower peak flow with longer time and an elongated basin form (Table 4). The relief value
ratio of Tagtaq watershed is 0.06. The low ratio value of the watershed is attributed to the
study area's low permeability material. The watershed's relief is 992 meters. The roughness
number for the Taqtaq watershed is 2.

According to Magesh, 2014, the value of ruggedness is high, and the basin is classified as an
exciting morphological appearance. It contributes to complex geomorphic processes, long and
steep slopes broken by sharp slope breaks, high susceptibility to soil erosion, and mass
movement due to rejuvenation processes (Reddy et al., 2004, 1189-1202).

No. Morphometric Parameters (Relief Aspect) Result Values
1 Basin relief (Rb) 992 m

2 Relief ratio (Rr) 0.06

3 Ruggedness number (Rn) 2

Table 4: Drainage Basin Parameters of the Relief Elements in the Study Area
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Fig. 9: Slope and Aspect maps of the study area
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Fig. 10: The chart displays the distribution of (A / Slope and B / Aspect) values in the research field.

3.8. Conclusions
In this study, remote sensing combined with GIS techniques were used to examine the

morphometry of the Taqtag watershed in the Koysinjaq district. The stream orders in the
studied area are the 6" stream orders. For morphometric investigation, morphometric
parameters in terms of linear, aerial, and relief aspects were used. The stream number and
stream length values in the study area's watershed are inversely connected to stream order
values.

The findings showed that the stream length ratio changes correspond to changes in the
basin's slope and topography. The considered basin's mean bifurcation ratio is large,
indicating a structural influence on the evolution of drainage networks in the watershed. Due
to circularity and elongation ratios, the watershed in the study area has an elongated shape,
which was investigated to establish the importance of watersheds for water management and
rainfall harvesting in the area.

It was also discovered that the basin has low permeability material, a moderate slope, is
structurally regulated, and has a large amount of surface runoff as evidenced by moderate to
high stream frequency, a moderate drainage density value, and a very fine drainage texture.

The research discovered that the basin has a temperate slope for flow from the base to the
watershed's entrance by examining relief characteristics. As a result, it can be stated that
morphometric analysis can benefit greatly from the use of remote sensing data and GIS
techniques. It could be used to understand watershed growth better, compare watershed,
natural resource, and water management, and identify flood vulnerabilities.
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