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Abstract 

A basin’s characteristics and features need to be comprehended completely by conducting 

morphometric analysis, such as evaluating the basin’s size, form, and surface features, to estimate 

floods and erosion rates properly. The main objective of this investigation is to evaluate morphometric 

measures and hypsometric analysis of Erbil’s Ruste Basin employing remote sensing and geographical 

information system methods. To investigate the significant tributaries of the selected area, the 

hydrology tool within the Spatial Analysis Tools of ArcGIS, version 10.7, was utilized to define the 

basin boundaries, map the drainage networks, and obtain topographic data. The findings of the linear 

morphometric parameters revealed that the logarithmic relationship between stream orders and stream 

numbers was negative. The difference in stream order and number seen in the watershed is due to 

topography and bedrock influence. The results also showed a negative correlation between stream 

length and stream order, and a coefficient of determination of 0.972, which indicates that the basin is 

made of low-permeability formation and subsoil materials. Considering the areal morphometric 

parameters, the circularity ratio, elongation ratio, and form factor are 0.594, 0.853 and 0.572, 

respectively, suggested a semi-circular shape. A drainage density value of 2.259 km
-1

 showed that the 

Ruste Basin is a basin with steeply to very steeply sloping hilly terrain with varying plant covering. 

Furthermore, the Ruste Basin has high relief and slope with a relief ratio of 0.151 and basin relief of 

2.576 km, both of which imply that it has a steep slope with high erosive force, limited infiltration, and 

a high runoff rate. Ruste Basin’s ruggedness number was 5.819, indicating that it has badlands 

topography. The average hypsometric integral was 0.467, denoting a mature basin featuring S-shaped 

hypsometric curves. In conclusion, the results showed that analysis of morphometric parameters and 

hypsometric integral and curve provides us with a notion to basin characterization and guidance to 

making appropriate decisions to establish effective actions to sustainable water and soil conservation 

and natural resources management through applying water harvesting methods, check dams, and bench 

terraces. 
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Introduction 

Natural resources, such as water and soil, are 

scarce and are being used excessively and 

unsystematically at a high rate, and this 

lowers their quality and they will be less 

effective in the future [1]. Population growth, 

water irrigation systems, and industrialization 

are resulting in a reduction in the per capita 

availability of these two resources. Water is a 

priceless resource and a necessity for humans 

and organisms [2]. Fresh water supply is 

declining in many industries. The existing 

surface and groundwater resources are 

insufficient to fulfill the increasing water 

demands caused by rapid urbanization and 

population growth. Effective water planning 

and management are urgently required to 

promote long-term and sustainable 

development [3, 4]. 

The surface of the earth has been structured 

into watersheds. Geo-morphologists and 

hydrologists are interested in the investigation 

of spatial variability in a watershed [4]. A 

watershed is a region where runoff from 

precipitation runs and converges at one location 

to create a significant stream, lake, river, 

or ocean [3]. Watersheds are dynamic units that 

undergo temporal and geographical changes, 

such as runoff characteristics that affect basin 

intake and output, as evident in variations in 

discharge flow, sediment load, and other 

watershed features [5]. 

Basins need to be understood very well so 

that floods and erosion rates can be properly 

estimated. In order to understand the basin 

features, morphometric analysis is needed. 

Morphometric analysis is the study of 

measuring, assessing, and understanding the 

size, form, shape, and arrangement of the 

surface characteristics of Earth [6, 7]. It is a 

mathematical technique for calculating the 

linear, areal, and relief features of a drainage 

system, such as the number of 

streams, drainage density, bifurcation ratio, 

initial slope, and shape [6-9]. Morphometric 

features and parameters are extremely useful in 

evaluating basins, prioritizing watersheds, 

conserving soil and water, and managing 

natural resources [4]. Additionally, Gardiner 

[10] reported that the morphometric properties 

of drainage basins have been utilized to 

anticipate floods as well as estimate erosion 

rates and runoff yield. 

The connection of the horizontal cross-

sectional area of the catchment to its elevation 

is identified as hypsometric analysis. The relief 

graph of the catchment refers to the 

hypsometric curve (HC). Watershed conditions 

may be predicted using HCs and integrals [11]. 

The disequilibria degree in the balance of 

erosive forces and geologic tectonic forces is 

associated with differences in curve shape and 

hypsometric integral (HI) numbers [12]. The 

HC is linked to the quantity of the soil mass in 

the catchment and how much erosion has taken 

place in a basin versus the residual mass [13]. It 

is a continuous function of the watershed's 

relative area and the non-dimensional 

distribution of relative basin heights [14]. Steep 

slope has detrimental effect on land as it leads 

to strong erosive forces, and this needs to be 

addressed properly. One method of reducing the 

impact of steep slope and high relief on land is 

to use bench terraces in areas with shallow soil 

[15, 16, and 17]. In recent years, remote sensing 

(RS) technology has grown in relevance for 

geomorphological investigations since it is not 

just cost-effective but also accurate and timely 

[18, 19]. Globally, the integration of 

Geographic Information System (GIS) with 

Remote Sensing (RS) technology has been used 

to identify and investigate changes in the terrain 

and the associated environmental implications 

such as gully erosion and floods. Therefore, RS 

and GIS approaches have shown to be effective 

tools for the delineation, characterization, and 

morphometric characteristics analysis of 

catchments across the world [20]. 

The primary objectives of this study are to 

provide some meaningful insights about 

morphometric features including linear, areal, 

and relief, of the Ruste Basin in Erbil, Iraq, and 

to construct the hypsometric curve as well as to 

calculate the hypsometric number and curve of 

the Ruste Watershed using RS and GIS 

techniques. 
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 Materials and Methods 

1. Study area description 

The study area is the Ruste Basin located in 

the Administrative Boundary of Choman 

District in the Erbil Province, Iraq. Ruste Basin 

is 150 kilometers (km) away from Erbil city in 

the south, 50 km from Sidakan District in the 

north, 40 km from Soran Independent 

Administration in the west, and 60 km away 

from Haji-Omaran Subdistrict (which is on the 

Iraqi-Iranian border) in the east. The Ruste 

basin has a total area of 164.742 square 

kilometers (km
2
) and a perimeter is 59.017 km 

as determined by ArcGIS ver. 10.7.  It is 

located between latitudes 36
o 

36’ 6’’ to  36
o 

45’ 

2” N and longitudes 44
o 

38’ 6”  to  44
o 

50’ 20” 

E. Mainly, the lowest outlet elevation of the 

basin is 773 m a.s.l. (meters above mean sea 

level) and the highest elevation is 3345 m a.s.l. 

(Figure 1). 

The study area is in the arid and semi-arid 

zones. The region's climate, and particularly 

that of the study area, is Mediterranean in 

nature. Summers are mildly hot, arid, and clear, 

while winters are very cold, dry, and partially 

cloudy. The coldest and warmest months of the 

year are January and August, respectively. The 

annual temperature seldom falls below      in 

the winter and rises over      in the summer. 

The region receives more than 680 mm of rain 

each year on average. The basin is located 

along the borders with Iran in the northeast 

(NE) extremes of the High Folded Zone, 

extremely close to the Zagros Thrust Zone. The 

formation is extensively spread in northeast 

Iraq, appearing in synclines and anticline 

flanks. It is made up of interbeds of sandstones, 

mudstones, and shales set up in graded turbidity 

cycles [21]. The most agricultural plants grown 

in the study area are wheat, barley, fodder, oats, 

fruit, and vegetables. 

2. Morphometric investigation of Ruste 

Basin 

The morphometric analysis gives systematic 

and precise drainage basin information. In the 

present study, multiple formulae for quantifying 

hydrological parameters are applied (Figure 2). 

These formulae are listed in Table 1. The Terra 

Advanced Spaceborne Thermal Emission and 

Reflection Radiometer (ASTER) Global Digital 

Elevation Model (GDEM) Version 3 

(ASTGTM) provides a global digital elevation 

model (DEM) of land areas on Earth at a spatial 

resolution of 1 arc second (approximately 30 

meter( was taken from the United States 

Geological Survey (USGS) on the Earth 

Explorer website 

(http://earthexplorer.usgs.gov/).  

 

 
Figure 1: Location map of the Ruste Basin 

The hydrology tool inside the Spatial 

Analysis Tools of ArcGIS, version 10.7, is used 

to delineate the basin boundaries, map the 

drainage networks, and extract topographic 

data, for instance, drainage characteristics and 

other basin parameters to explore the significant 

tributaries of the selected area.  

  

http://earthexplorer.usgs.gov/
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(a) (b) 

  
(c) (d) 

Figure 2: Basin delineation map of the major steps of Ruste Basin: (a) DEM, (b)  flow  direction, (c)  

flow  accumulation, and (d) stream order 

Results and Discussion 

 The Ruste Basin's morphometric 

characteristics regarding the drainage network, 

geometry and texture, and relief features were 

examined. A basin's morphometric 

investigation identifies the basin's features 

based on a quantitative examination of various 

criteria. Parameters are assigned based on their 

dimensional characteristics: linear, areal, and 

relief parameters. 
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Table 1: Equations and units used to calculate morphometric parameters 

# Parameters Symbols Formulae/ Equation Units References 

Linear Parameters 

1 Stream order Su Hierarchical rank Unitless [8] 

2 Stream length Lu Lu = Lu1 + Lu2 + Lu3 ・・・ + Lun km [22] 

3 Stream number Nu Nu = Nu1 + Nu2 + Nu3 ・・・ + Nun Unitless [22] 

4 Mean stream length Lsm Lsm= (Lu/Nu) km [22] 

6 Bifurcation ratio Rb Rb = Nu/Nu+1 Unitless [23] 

7 Mean bifurcation ratio Rbm Average of bifurcation ratio of all orders Unitless [24] 

Areal Parameters 

8 Area of the watershed A ArcGIS 10.7 analysis km
2
  

9 Perimeter of the watershed P ArcGIS 10.7 analysis km  

10 Stream frequency Fs Fs = (ΣNu)/A km
-2

 [22] 

11 Drainage density Dd Dd =(ΣLu)/A km
-1

 [22] 

12 Length of overland flow Lg See equation (1) km [25] 

13 Basin length Lb ArcGIS 10.7 analysis km [26] 

14 Drainage texture Dt Dt =(ΣNu)/P km
-1

 [22] 

15 Constant of channel maintenance Ccm Ccm = 1/ Dd km [22] 

16 Infiltration number If If = Fs × Dd km
-3

 [27] 

17 Elongation ratio Re Re = (2 √A/π)/Lb Unitless [23] 

18 Form factor Ff Ff = A/Lb
2
 Unitless [22] 

19 Circularity ratio Rc Rc = 4πA/P
2
 Unitless [28] 

20 Compactness coefficient Cc Cc = 0.2821P/A
0.5

 Unitless [22] 

Relief  Parameters 

21 Maximum elevation H ArcGIS 10.7 analysis m  

22 Minimum elevation h ArcGIS 10.7 analysis m  

23 Basin Relief R R = H–h km [14] 

24 Relief ratio Rr Rr = R/Lb Unitless [23] 

25 Dissection index Di Di = R/Ra m km
-1

 [26] 

26 Ruggedness number Rn Rn = R × Dd Unitless [8] 

 

1. Linear morphometric parameters 

1.1 Stream order (Su) 

The degree of a stream that is splitting 

within a catchment is measured by stream order 

(Su). Strahler [8] approach is used to compute 

stream ordering, with each smallest stream 

being the first stream order and the second 

stream order forming directly underneath the 

intersection where the two streams of the first-

order meet (Table 1). According to Strahler [8] 

approach, the two streams of the same order 

unite to generate the subsequent Su, and the 

process proceeds until the highest-order stream 

is formed. The Ruste Basin is a river of the fifth 

order (Table 2) 

Table 2: The studied linear morphometric parameters for Ruste Basin 

Stream 

order 

(Su) 

Stream 

number 

(Nu) 

Total 

stream 

number 

Stream 

length 

(Lu)  

(km) 

Total stream 

length  

(Lu) 

(km) 

Mean stream 

length 

(Lsm) 

(km) 

Bifurcation 

ratio 

(Rb) 

Mean 

bifurcation 

ratio 

(Rbm) 

1 443 

579 

196.261 

372.228 

0.443   

4.602 

2 108 95.022 0.88 4.102 

3 22 50.583 2.299 4.909 

4 5 16.705 3.431 4.4 

5 1 13.657 13.657 5 

 

1.2 Stream number (Nu) 
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The number of stream sections existing in each 

stream order is indicated by the stream number 

(Nu). The number of stream sections in each 

order, as reported by Horton [22], produces an 

opposite geometric series with the order 

number. The trunk stream is the highest-

order stream section. The Ruste Basin's 

tributaries were revealed to be of the fifth order 

(Table 1). There were 579 streams found, with 

443 being first order, 108 being second order, 

22 being third-order streams, five being fourth-

order, and only one being a fifth-order stream 

(Table 2). The logarithmic connection between 

stream orders and stream numbers 

demonstrated a quick decline from lower-

order to higher-order streams, as well as a 

negative link between stream orders and 

numbers (Figure 3). The coefficient of 

determination was around 0.99. Sharma [29] 

also obtained an R
2
 of around 0.99. An R

2
 value 

of one indicates that the regression line 

impeccably fits the data. The linear pattern 

shows the homogenous rock material is subject 

to weathering and erosion characteristics of the 

basin. Ali et al. [30] discovered a similar 

association. The highest stream order was 

discovered in first- and second-order streams, 

indicating ephemeral streams that are more 

prone to erosion and abrupt floods [31]. The 

variance in stream order and number found in 

the watershed is mostly due to topography and 

bedrock effect. These characteristics indicate 

that the Ruste Basin was formed on hard rock, 

with a steep slope and high relief. 

1.3 Stream length (Lu) 

As reported by Dubey et al. [32], stream 

length (Lu) is one of the drainage basin's 

dynamic hydrological characteristics as it 

shows surface runoff characteristics. Lu 

represents the region of the basin that 

contributes to the specified Su [33]. Total Lu 

might be computed by summing the lengths of 

all streams in a specified order [34]. 

The Lu was computed using Horton’s [22] 

proposed law from 1945. Streams with shorter 

durations can be discovered in areas with higher 

slopes and considerably finer textures. Streams 

that are greater in length have a flatter slope. 

The length between two stream sections is 

normally greatest in the first streams and 

minimizes as the stream orders grow. The 

number of streams of numerous orders in a 

catchment is documented using a GIS tool, and 

their lengths from outflow to drainage area split 

are determined. The first-order stream of Ruste 

Basin is 196.261 km long, the second-

order stream is 95.022 km, the third-

order stream is 50.583 km, the fourth-

order stream is 16.705 km, and the fifth-

order stream is 13.657 km long (Table 2). 

Stream length is closely related to discharge 

and surface runoff. A large number of shorter 

streams indicate greater slopes and 

impermeable bedrocks, whereas a limited 

number of longer streams indicate considerably 

gentler gradients and permeable bedrock 

formations [35]. The total lengths of streams in 

the Ruste Basin were found to be highest in 

streams of the first order and decreased as 

stream order increased. Figure 4 revealed a 

negative and logarithmic correlation between Lu 

and Su and the correlation of determination (R
2
) 

of 0.972, indicating lower permeability and 

erosion properties. Huda [36] discovered a 

comparable link. According to Hlaing et al. 

[37], a larger number of shorter-

length streams occur in a basin of low 

permeable bedrock formation and subsoil 

materials. 
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Figure 4: Graph of stream order versus log of stream length 
 

Figure 3: Graph of stream order versus log of stream 

number 

 

1.4 Mean stream length (Lsm) 

Mean stream length (Lsm) is defined as the 

quotient of the length of a stream to the number 

of streams [22]. The study area's mean stream 

lengths for stream orders from first to fifth 

orders are 0.443, 0.88, 2.299, 3.431, and 

13.657, respectively (Table 2). As can be seen 

from Figure 5, there is a linear positive 

correlation between the Su and Lsm, and the 

slope of the regression line is almost 2.898 and 

the R
2
 reaches 0.7071

. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.5 Bifurcation ratio (Rb) 

The bifurcation ratio (Rb) indicates the 

integration level existing between streams 

having various orders in a watershed. Horton 

[22] regarded the Rb as an index of relief and 

dissection. Strahler [24] believed that the Rb 

varies relatively slightly between locations with 

various environments, apart 

from where significant geological control 

predominates. Additionally, Schumm [23] 

defines the Rb as the ratio of the stream sections 

number of a particular stream order to the 

number of sections of the following higher 

orders. The Rb of the Ruste Basin ranges from 

4.102 to 5.0 as shown in (Table 2). Strahler [8] 

stated that the Rb values are typically 3.0 – 5.0 

for watersheds where geologic formations do 

not disrupt the pattern of the drainage. 

1.6 Mean bifurcation ratio (Rbm)  

Strahler [24] used a weighted average Rb, 

which is the result of multiplying the mean 

bifurcation ratio (Rbm) for each consecutive 

group of orders by the total number of streams 

involved in the relation and taking the mean of 

these outcomes to end up with a 

better representation of bifurcation number. The 

bifurcation ratio is critical in drainage basin 

analysis because it aids in evaluating basin 

geometry and runoff behavior. The higher the 
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bifurcation ratio values, the greater the flood 

danger. The Ruste Basin has a mean bifurcation 

ratio of 4.603 (Table 2). 

2 Areal morphometric parameters 

2.1 Stream Frequency (Fs) 

A basin's stream frequency (Fs), which is 

expressed in km
-2

, can be described as the total 

number of the basin's stream sections divided 

by unit area (see Table 1) [22]. The Fs is 

controlled by numerous factors, for example, 

rock and soil classes, vegetation coverage, 

infiltration capacity, runoff intensity, rainfall 

intensity, soil permeability, and land slope [38]. 

The Fs for the basin is 3.515, indicating that it 

has low permeability and infiltration rate and 

high runoff rate which leads to an increase in 

the possibility of flood occurrence (Table 3). 

This result can be supported by Kale and Gupta 

[39] who reported that the greater the Fs within 

a catchment, the quicker the runoff and hence a 

higher likelihood for the occurrence of flooding 

in the catchment area. Soil and water 

conservation practices can be employed as an 

effective solution to vary the natural structure 

features of the slope. These practices can also 

reduce raindrop kinetic energy and increase 

land roughness, and store and maintain runoff 

volume and sediment. 

Table 3: The studied areal morphometric parameters for Ruste Basin 

# Areal Parameters Results of Ruste Basin Units 

1 Basin area 164.742 km
2
 

2 Perimeter basin 59.017              km 

3 Stream frequency 3.515 km
-2

 

4 Drainage density 2.259 km
-1

 

5 Form factor  0.572 Unitless 

6 Drainage texture 9.811 km
2
 

7 Basin length 16.968               km 

8 Elongation ratio 0.853 Unitless 

9 Circularity ratio 0.594 Unitless 

10 Length of overland flow 0.370 km 

11 Infiltration number 7.941   km
-3

 

12 Constant of channel maintenance 0.443 km 

13 Compactness coefficient  1.297 Unitless 
 

2.2 Drainage Density (Dd) 
Horton [22] claimed that drainage density 

(Dd), expressed in km
-1

, is regarded as the 

quotient obtained by dividing the total length of 

channel sections (km) for all of the orders in a 

catchment by the area of the catchment (km
2
) 

(Table 1). The low Dd proposes that the 

catchment has a relatively permeable and 

porous subsurface and extensive vegetation 

[40]. High Dd is produced by weak underlying 

material, limited vegetation, and bumpy 

landscapes. The Dd of the current study is 2.259 

km
-1

, indicating steeply to very steeply sloping 

hilly terrain with varying plant covering (Table 

3). 

 

 

2.3 Form Factor (Ff) 

Horton [22] describes the form factor (Ff) as 

the ratio of the catchment area to the square of 

the catchment's total length (Table 1). The Ff is 

a numerical index that is typically utilized in 

order to denote the shapes of different basins 

and their flow intensity [41]. The Ff value 

ranges between zero and one, with zero 

representing an extremely elongated shape and 

one signifying a circular shape. If the form 

factor value is 0.7854, it represents a 

completely round basin [33]. Watersheds with a 

high form factor possess a higher peak runoff 

rate for a shorter time, whilst elongated basins 

having a low Ff have a flatter peak runoff rate 

for a longer time. If the basin is larger in width, 

the Ff will be larger and vice versa [42]. In the 

current study, the value of the form factor is 
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assessed to be around 0.572 (smaller than 

0.7854) which indicates that the watershed is 

semi-circular (Table 3). Nagal et al. [43] found 

a similar value for form factor in their study. 

For the purpose of reducing the impact of peak 

runoff rate, there are two methods to be used: 

mechanical measures and agronomic measures. 

The agronomic measures include contour 

farming, strip cropping, and crop rotation [44]. 

2.4 Drainage Texture (Dt) 
One of the principal concepts in geo-

morphology is drainage texture (Dt), which 

denotes the comparative spacing of lines of 

drainage. The drainage texture, which is 

expressed in (km
-1

), is the ratio of the sum of 

stream portions belonging to all of the orders to 

the region's perimeter [22]. The Dt is 

determined by the terrain's lithology, infiltration 

capability, and relief parameters. Smith [45] 

states that Dt is affected by natural elements. He 

further explained that unconsolidated rocks 

with no vegetation cover cause fine texture, 

while huge and consolidated rocks lead to 

coarse texture. Finer drainage textures form on 

dry environment rocks than on humid 

environment rocks due to the sparse flora. 

Smith [45] divided drainage texture into five 

types: i) extremely coarse (less than 2), ii) 

coarse (2 to 4 ), iii) moderate (4 to 6), iv) fine 

(6 to 8), and v) very fine (more than 8). The Dt 

for the Ruste Basin is 9.811, indicating that it 

has an extremely fine drainage texture (Table 

3).  

2.5 Elongation Ratio (Re) 

By Schumm’s perspective [23], the 

elongation ratio (Re) is the quotient obtained by 

dividing the diameter of a circle with the same 

area as the catchment to the 

catchment's maximum length (Table 1). The Re 

ranges between 0.6 and 1.0. Values near 1.0 are 

linked with extremely low relief while values 

from 0.6 to 0.8 correspond to significant relief 

and a steep ground slope. These values are 

categorized as i) circular (more than 0.9), ii) 

oval (0.9 to 0.8), and iii) elongated (less than 

0.7). The Ruste Basin has a Re of 0.853, 

indicating an oval form (Table 3). 

2.6 Circularity Ratio (Rc) 

The circularity ratio (Rc) is the ratio of a 

catchment's area to the area of a circle having 

an identical circumference as the catchment's 

perimeter [28]. The Rc values range from zero 

for elongated basins to one for circular basins. 

As the value of Rc increases, the basin tends to 

be more circular, and vice versa. The 

stream frequency, slope, terrain, geological 

structure, land cover, and climate, of the 

catchment all impact the circularity ratio. The 

Rc of the Ruste Basin is 0.594, as supported by 

Mohammed and Karim [46], suggesting a semi-

circular shape, high runoff discharge, and poor 

subsurface permeability (Table 3). 

2.7 Length of Overland Flow (Lg) 

The length of overland flow (Lg), expressed 

in kilometers, is the length of water running on 

the surface before it joins the mainstream, 

which affects the drainage basin's hydrologic 

and physiographic development [22]. Overland 

flow length can be and was calculated using 

Eq.1 from [25]. Infiltration and percolation 

occurring in the soil, both of which vary in time 

and place, have a considerable influence on 

Lg [47]. The high Lg value implies that 

precipitation traveled a substantially longer 

distance prior to concentrating in streams and 

vice versa [31]. In the current study, the Lg was 

calculated to be 0.37 km (Table 3). 

                                         …………………………….. (1) 

When Lg = length of overland flow (slope 

length) in km, P = perimeter in km, Lb = basin 

length in km, S = average slope basin in percent 

(%), and Rb = mean bifurcation ratio (unitless). 

In order to reduce soil erosion by water, 

raindrop impact on soil, runoff volume, and 

runoff velocity should be reduced and soil 

resistance needs to be enhanced by practicing 

tillage perpendicular to the direction of the flow 

and using vegetation covers. 
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2.8 Basin length (Lb) 
The basin length (Lb) of a drainage basin, 

which is expressed in km, is a geometric 

measurement of its shape and extent (Table 1). 

It is a basin's largest length within the greatest 

circle encircling the basin's boundaries and 

along the major river length [31]. Using the 

ArcGIS program, the maximum basin length in 

the current study was determined to be 16.986 

km (Table 3). 

2.9 Infiltration number (If) 
Infiltration number (If), expressed in (km

-

3
), is defined by Faniran [27] as the value 

obtained by multiplying Dd and Fs (Table 1). If 

values specify a basin’s infiltration potential. 

Values equal to or less than 6 indicate lower 

infiltration numbers, values greater than 10 

indicate higher infiltration numbers, and those 

lying between 7 and 10 are moderate [48]. A 

lower infiltration number means the basin has a 

high infiltration rate and a low runoff rate [49]. 

The If of the Ruste Basin is 7.941 (Table 3), 

which belongs to the moderate range. 

2.10 Constant of channel maintenance (Ccm)  
The inverse of Dd is the constant of channel 

maintenance (Ccm) [22]. Ccm is expressed in 

kilometers (Table 1). It is determined not only 

by the permeability of the rock, the climatic 

regime, the flora, and the relief but also by the 

soil erosion duration and the climatic profile. In 

places of near dissection, the constant is 

exceedingly low. The Ruste Basin's Ccm is 

0.443 km (Table 3). 

2.11 Compactness coefficient (Cc)   

      In accordance with Gravelius [50] and 

Horton [22], the compactness coefficient 

(Cc) of a catchment is the ratio of the 

catchment's diameter to the radius of the circle, 

which is relative to the basin's area (Table 1). 

The Cc is utilized to define the association of a 

hydrological watershed to a circle-shaped basin 

having an identical area. The shortest period of 

concentration prior to the occurrence of peak 

flow is caused in a circular basin. When the Cc 

value is equal to one, it is an indication that the 

watershed under study behaves completely as a 

circular basin. If the Cc is above one, some 

deviation away from the circular nature is 

noticed in the basin. However, if the Cc 

exceeds three, the basin can have a very 

elongated shape [51, 52]. Ruste Basin has 

a value of 1.297 (Table 3), which signifies that 

it has some deviation from a circular shape and 

similar results were found by [53].  

3. Relief Morphometric Parameters 

3.1 Basin relief (R) 

Basin relief (R), expressed in 

kilometers, is the elevation difference between 

the uppermost point and the pour point of a 

catchment [14]. It is one of the crucial features 

in understanding the basin's denudational 

characteristics. It is also significant in drainage 

and landform developments, both surface and 

underground water flow, terrain erosional 

characteristics, and permeability. Ruste Basin 

relief was calculated to be 2.576 km (Table 4). 

As a result, the catchment's high relief suggests 

high water flow, and limited soil infiltration and 

strong runoff rates. 

Table 4: The studied relief morphometric parameters for Ruste Basin 

 Relief Parameters Results of Ruste Basin Units 

1 Maximum elevation of basin 3345 m 

2 Minimum elevation of outlet 769 m 

3 Basin relief 2.576 km 

4 Relief ratio 0.151 Unitless 

5 Ruggedness number 5.819 Unitless 

6 Dissection index 0.77 m km
-1
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3.2 Relief ratio (Rr)   

The relief ratio (Rr), a dimensionless ratio, is 

the height difference between a catchment's 

highest and lowest points divided by the 

greatest length of the catchment that runs along 

the major drainage line [23, 38]. The Rr 

evaluates the total steepness of the watershed 

and is also used to predict the severity of the 

erosion process on the watershed slopes [54]. 

High relief ratio values imply steep slopes and 

high R, and vice versa. In general, runoff is 

quicker in steeper slope watersheds, resulting in 

a higher peak flow watershed and increased 

erosive force [55, 56]. Steeper basins have a 

quicker runoff, resulting in higher peak basin 

flows and more erosive force. The Ruste Basin 

has a high relief and slope as its Rr value is 

0.151 (Table 4). As the Rr is high, which means 

it has more erosive forces on land, this effect 

can be mitigated by using narrow terraces 

which reduces sediment loss. Han et al., [57] 

used a similar method in their study in which 

their watershed had comparatively high rainfall 

intensity and coarse-textured soil. 
 

3.3 Dissection index (Di) 

The dissection index (Di), expressed in meters 

per kilometer, is the ratio of relative relief to 

absolute relief [26] (Table 1). The Di is an 

essential drainage basin metric that depicts the 

size of vertical erosion and describes the stage 

of landscape or terrain development in any 

particular catchment [58]. Rawat et al. [26] 

reported that the Di values range from 0, 

indicating a total lack of vertical erosion and 

predominance of level ground, to 1, 

indicating vertical cliffs on land or at 

the seashore. Higher Di values indicate greater 

terrain undulation and thus instability [59]. 

Higher Di values cause more erosion, resulting 

in a high volume of sediment debris [26]. 

According to Bhunia et al. [60], the dissection 

index is grouped into five main classes: i) low 

Di (< 0.2),  ii) medium to low Di (0.2 to 0.4),  

iii) medium Di (0.4 to 0.6),  iv) high Di (0.6 to 

0.8), and v) extremely high (> 0.8). 

Nir [61] and Rawat et al. [26] reported that the 

dissection index was determined using Eq. 2.  

 

          …………………………….  (2) 

where Di is the dissection index, R is basin 

relief, and Ra is absolute basin relief. Absolute 

basin relief (Ra) refers to the greatest height of 

any location in relation to the mean sea level. 

The Ruste Basin's Di value is 0.77, indicating 

that the watershed is highly dissected (Table 4). 

To address this, a straightforward method is to 

reduce erosive force and lower sediment loss. 

3.4 Ruggedness number (Rn) 

The ruggedness number (Rn) is the 

combination of R and Dd, and it binds slope 

steepness and Lg [8]. When R and Dd are large 

and the slope steepness is high, the ruggedness 

number experiences an excessively large value 

[24]. Catchments having low ruggedness values 

are less vulnerable to land erosion and have 

innate structural heterogeneity concerning Dd 

and R. There are five types of morphology 

based on the ruggedness number: i) subdued (< 

0.1), ii) subtle (0.1 – 0.4), iii) temperate (0.4 –

 0.7), iv) acute (0.7 – 1.0), and v) severe (>1.0). 

Severe morphology features badlands 

topography [62, 63]. According to Table 4, the 

ruggedness number for the Ruste Basin is 

5.819, and this indicates that it has badlands 

terrain. 

4 Slope 

The slope is a significant element in the 

morphometric analysis of any drainage 

network. It is the slope of the topography with 

respect to the level plain [64]. The slope values 

in the Ruste Basin range from 0° to 66° and the 

average slope is 22.113
o
 (40.63%). The Ruste 

Basin slope was developed using ArcGIS 10.7 

software's spatial analyst program for spatial 

analysis and the SRTM-DEM. The slope is 

divided into five classes, as shown in Figure 6a 

(0
o
 to ≤ 5

o
) is very gentle, (> 5

o
 to ≤ 15

o
) is 

gentle, (>15
o 

to ≤ 30
o
) is moderate, (>30

o
 to ≤ 

45
o
) is steep and (>45

o
 to 66

o
) is very steep 

[65]. The average slope is located moderate 

value. The geographic difference in slope value 

influences the flow direction, water velocity, 

soil and water erosion, and depositional 

characteristics of the basin's paths. 
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5 Aspect 

An aspect is the direction the surface 

gradient faces along its horizontal axis. The 

aspect map is an important element for 

assessing the influence of the sun on the 

regional climate. Temperature varies 

significantly with aspect as well as height. 

According to Kang [66], differences in aspects 

can cause temperature changes in the basin. In 

the context of temperature variations between 

aspects when viewing in the West and the East, 

solar radiation that arrives at the surface during 

different times throughout the day slowly 

decreases, and the temperature varies 

consequently. The Ruste Basin aspect element 

was generated using the spatial analyst program 

in ArcGIS 10.7. The resultant raster map 

demonstrates the slope direction ranging from 

0° to 360° for the Ruste Basin, with 0° to 

22.5° indicating the north route, 22.5° to 

67.5° indicating the northeast route, 67.5° to 

112.5° indicating the east route, 157.5° to 

202.5° indicating the south route, and so on. 

The contour interval is 200 m. The aspect map 

is depicted in Figure 6. 

      

                             (a)                                                                              (b) 

 

                                                                                   (c) 

 

Figure 6: Basin delineation map of the Ruste Basin: (a) slope classes (%), (b) contour lines, and (c) 

aspect classes 
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6. Hypsometric curve and integral 

Hypsometric curves and integrals are useful 

markers of a basin's condition [11]. They are 

critical for selecting water and soil conservation 

strategies and evaluating the erosion state in a 

basin [67]. The HI is a geomorphological 

quantity that is categorized according to the 

geologic phases of basin development. It is 

noteworthy in estimating the erosion condition 

of a basin and further prioritization in initiating 

soil and water conservation activities. The river 

network and basin shape place an important 

impact on hypsometry. For example, the aspect 

ratio has a significant effect on the HC shape 

[68]. The data from the contour thematic map 

created in ArcGIS was used to construct the HI, 

which was then estimated by the elevation-

relief ratio approach described by [69]. The HI 

values were found using Equation 3. 

                          … (3) 

where HI is the hypsometric integral; 

Emean is the weighted mean elevation of the 

basin; 

Emin and Emax are the minimum and maximum 

elevations within the basin. 

Details of a basin’s erosion stage, climatic 

conditions, and lithological conditions can be 

revealed by the computed HI value. Based on 

the HI value, Strahler [14] classifies basins into 

three types: young, mature, and old. A young 

basin (disequilibrium phase) is described to 

have a convex climbing HC with an HI value of 

more than 0.6, a mature basin (equilibrium 

phase) possesses an S-shaped HC with HI 

values ranging from 0.35 to 0.6, and an old 

basin has a concave HC with HI value less than 

0.35. The average HI in the current study was 

discovered to be 0.467, signifying that the 

Ruste Basin is mature (equilibrium phase) and 

has S-shaped hypsometric curves (Table 5 and 

Figure 7). The Ruste Basin requires both water 

harvesting methods to conserve water at 

suitable locations in the basin and mechanical 

and vegetative measures to lessen sediment 

loss. Mechanical measures that can be applied 

are bench terracing and check dams. These 

measures maintains sustainability of 

agricultural production in the region around the 

basin. 

Table 5: Summary of the values of the parameters used to calculate the hypsometric integral of Ruste 

Basin 

# 
Mi

n 

Ma

x 
Mean 

Mean - 

Min 

Max - 

Min 

Area  

(km
2
) 

A 

Relative  

area 

(a/A) 

h 

Relative  

height 

(h/H) 

Hypsome

tric 

Integral 

(HI) 

Avg.  

HI 

1 
76

9 

10

55 

962.3

35 
193.335 286 

16.20

0 

164.7

92 
1.000 

28

6 
0.111 0.676 

0.467 

2 
10

56 

13

41 

1198.

671 
142.671 285 

35.04

1 

148.5

92 
0.902 

57

1 
0.222 0.501 

3 
13

42 

16

27 

1482.

255 
140.255 285 

30.25

9 

113.5

51 
0.689 

85

6 
0.333 0.492 

4 
16

28 

19

13 

1771.

746 
143.746 285 

31.10

4 

83.29

2 
0.505 

11

41 
0.444 0.504 

5 
19

14 

22

00 

2043.

737 
129.737 286 

23.63

8 

52.18

7 
0.317 

14

27 
0.556 0.454 

6 
22

01 

24

86 

2338.

337 
137.337 285 

16.33

2 

28.54

9 
0.173 

17

12 
0.667 0.482 

7 
24

87 

27

72 

2606.

869 
119.869 285 9.299 

12.21

7 
0.074 

19

97 
0.778 0.421 

8 
27

73 

30

58 

2875.

323 
102.323 285 2.543 2.918 0.018 

22

82 
0.889 0.359 

9 
30

59 

33

45 

3149.

796 
90.796 286 0.375 0.375 0.002 

25

68 
1.000 0.317 
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Figure 7: The hypsometric curve constructed from the relationship between relative area and relative 

height 

Conclusion 

The GIS and RS techniques were used to 

conduct the morphometric study and 

hypsometric analysis of the Ruste Basin. The 

Ruste Basin is a river of the fifth order and 

comprised of 579 streams. The findings of the 

linear morphometric parameters illustrated that 

the logarithmic relationship between stream 

orders and stream numbers shows a swift 

decline from streams of lower-order to streams 

of higher-order with an R
2
 of 0.99. The 

variation in stream order and number seen in 

the basin is mainly attributable to topography 

and bedrock. These features suggest that the 

Ruste Basin originated from hard rock with 

considerable relief and a steep slope. A positive 

linear correlation was noticed between Lms and 

Su along with a regression line slope of almost 

2.898. It was also discovered that there is a 

negative association between Su and Lu with an 

R
2
 of 0.972, indicating that the basin is 

composed of low-permeability formation and 

subsurface elements. The Rb of the Ruste Basin 

ranges between 4.102 and 5.0 with a mean 

bifurcation ratio of 4.603 and this signifies that 

the basin is vulnerable to floods. 

Regarding the areal morphometric 

parameters, the Ruste Basin has an Ff of 0.572, 

an elongation ratio of 0.853, and a circularity 

ratio of 0.594, which means its shape is semi-

circular. Along with a stream frequency of 

3.515, the Ruste Basin has high relief and slope 

with a relief ratio of 0.151 and basin relief of 

2.576 km, suggesting that it has a steep slope, 

poor subsurface permeability, and limited 

infiltration rate with a high runoff rate and 

erosive force and, which increases the potential 

of flooding. The ruggedness number of the 

basin is 5.819, which belongs to the severe 

type, indicating that it has a badlands landscape. 

By applying the elevation-relief ratio approach, 

the average HI of the Ruste Basin was 

discovered to be 0.467, showing that the Ruste 

Basin is in the equilibrium phase and is a 

mature basin, and features S-shaped 

hypsometric curves. Water harvesting methods 

along with mechanical and agronomic measures 

can be used to mitigate the impact of high 

runoff rate, rainfall intensity, and flood on the 

basin’s surroundings.     
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  28/09/2023وتاريخ قبولو  2023/08/22ث استلام البحتاريخ  
 الممخص
المظير التحميل، مثل تقييم حجم الحوض و  واشكالو بشكل كمي يحتاج الى التحاليل المورفوميتريو خصائص الحوض لم و فيم ان

 المورفوميتريتقييم المقاييس  ييذه الدراسة ىل لرئيسييدف اان العام. و  التعرية بشكلل معد و الفيضانات يملتق و ذلك،الخارجي شكلو 
 ،(GIS)الجغرافيةونظام المعمومات  (RS)الاستشعار عن بعد  طرائقباستخدام وذلك في أربيل  ييل الييبسومتري لحوض روستالوالتح

ضمن أدوات التحميل المكاني لـبرنامج  و التي ىي منالييدرولوجي والادوات ،ولمبحث عن معنوية تفرعات الجداول لمنطقو المختارة
(ArcGIS) ،والحصول عمى البيانات الطبوغرافيةشبكات الصرف ةخريطو ، الحوضيد حدود حدلت الذي استخدمت  ،10.7 المجدد ، .
الى تأثير  رجعتالاختلاف . و سالبة ىيمجري المائي عدد الو بين رتب  الموغاريتمية ان علاقة المورفوميتريونتائج المعممات اوضحت و 

أن الحوض  وىذا يدل عمى  0.972،  ومعامل الارتباط ىي في الحوض ىالمائي وعددمجرى االرتب  مادة الاصل عمىو  ةالطوبوغرافي
نسبة دائرية نسبة  ،لمورفولوجيوالمعممات اعتبار ان مساحة با. متربةالسطحيو لومواد تحت منخفيضو متكونة من مواد ذات نفاذية 

دائري. أظيرت قيمة كثافة الصرف  شبو وشكم اقترحت انو  ،، عمى التوالي0.572و 0.853و 0.594ل ىي شكمعامل التو  الاستطالة 
إلى شديدة الانحدار مع  منحدرة تضاريس جبمية اتعبارة عن حوض ذ روستيحوض  وأنوىذا يدل عمى   1-كم  2.259البالغة 

 تضاريسو  0.151تبمغ   تضاريس  نسبةو  ارنحدبأنو مرتفع وشديدة الا روستيحوض  يتميز، بالاضافة الى ذالكتغطية نباتية متفاوتة. 
 .عالي السيح، ومعدل يو قابمو الترشيحمحدودو  ،عالية التعريةر حاد مع قوة انحدالى انو تحتوي ا كم ، وكلاىما 2.576الحوض يبمغ 

 التكامل معدل قياسكان  و.الرديئو أنو يحتوي عمى تضاريس الأرض وىذا يدل عمى، 5.819 روستيحوض ل ةدرجة الصلابو 
أظيرت كأستنتاج . انجميزيS حرف تميز عمى شكلم الييبسوميتري ذات حوض ناضجأنو  عمى  لودلا وىذه ، 0.467 يتريالييبسوم

يوفر لنا فكرة لتوصيف الأحواض والتوجيو لاتخاذ القرارات  الييبسوميتريالنتائج أن تحميل المعممات المورفومترية والتكامل والمنحنى 
دارة الموارد الطبيعية من خلال تطبيق طر التربة و  ةستداما عمى لمحفاظ وذلك  المناسبة لإنشاء إجراءات فعالة مختمفو  ق ائالمياه وا 

 عمى المنحدراتمصاطب صنع ، و صغيرة السدود، و حصاد المياهل

  ، حوض روستيالتحميل المورفومتري ،نموذج الارتفاع الرقمي، قياس الييبسوميتري :الكممات المفتاحية
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