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Abstract

A basinds characteristics and features ingeed
morphometric analysis such as evaluating the batekestindbate si z
floods and erosion rates properfhe main objective of thisnvestigationis to evaluate morphometric
measures and hypsome terBasmemployiagreynste sensingfandgeographicéals R
information systemmethod. 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 lmundaries, map the drainage networks, and obtain topographic datndihgs of the linear
morphometric parameters revealed that the logarithmic relationship between stream orders and stream
numbers was negative. Tlifferencein stream order and numbeeen in thevatersheds due to
topography and bedrock influence. The results also showed a negative correlation between stream
lengthand streanorder, anda coefficient of determinationf 0.972, which indicates that the basin is
made of lowpermeabiliy formation andsubsoil materials.Considering the areal morphometric
parameters, thesircularity ratio, elongation ratio, antbrm factor are 0.594, 0.853 and 0.572
respectivelysuggested a serircular shapeA drainage density value of 2.2%8n™ showed that the
Ruste Basin is a basin with steefdyvery 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 thathas a steep slope with high erosive force, limited infiltration, and
a high runoff rat e. Ruste Basino6s itrhagghpdlatidse s s
topography. The average hypsometric integral was 0.467, denoting a mature basin f8shapgd
hypsometric curvedn 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 eiffecactions to sustainable water and soil conservation
and natural resources management through applying water harvesting methods, check dams, and benct
terraces.
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I ntroduction

Natural resourcesuch asvater andsoil, are
scarce and are being used excessively and
unsystematicallat a highrate, and tis
lowerstheir quality and they will be less
effective in the fture [1] Population growth,
water irrigation systems, and industrialization
are resulting in a reduction in tper capita
availability of these two resourcéd/ater is a
priceless resourcand a necessity for humans
and organisms [2] Fresh water supply is
declining in many industriesThe 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 auegently required to
promote longterm andsustainable
dewelopment [34].

The surface of the earth has been structured
into  watersheds. Geo-morphologists and
hydrologistsare interested in thenvestigation
of spaial variability in a watershed [4]A
watershed is a region whemenoff 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 geographicdlanges,
such as runoff characteristics that affect basin
intake and output, as evident in variations in
dischargdlow, 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
surfacecharacteristics okarth [6, 7]. It is a
mathematical technique for calculating the
linear, areal, and relief features of a drainage
system, such as the number of
streamsdrainage density, bifurcation ratio,
initial slope, ad shape [8]. Morphometric
features and parameters are extrenusful in
evaluating basins, prioritizing watersheds,
conserving soil and water, and managing
natua resources [4]. Additionally, Gardiner

2

[10] reported that the morphometric properties
of drainage basins have been utilized to
anticipate floods as well asstimate erosion
rates and runoff yield.

The connection ofthe horizontal cross
sectionalarea of the catchmeno its elevation
is identified as hypsometric analysis. Thelief
graph of the catchmentrefers to the
hypsometric curvéHC). Watershed contions
may be predicted usingCsand integrals [11]
Thedisequilibria degreen the balance of
erosiveforces and geologic tectonic forces is
associatedvith differences in curve shape and
hypsometric integl (HI) numbes [12] The
HC is linked to the gantity of the soil mass in
the catchmenteand how muclkerosion hasaken
placein a basin versus the rdsial mass [13]It
is a continuous function of thevatershet
relative  areand the  nordimensional
distribution of relatie basin heights [14Bteep
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 temces in areas with shallow soil
[15, 16 and 1T. In recent years, remote sensing
(RS) technology has grown in relevance for
geomorphological investigatiosnce it is not
just costeffective but also accurate atichely
[18, 19]. Globally, the in¢gration of
Geographic Information System (GISyith
Remote Sensin¢RS)technology has been used
to identify and investigate changesthe terrain
and theassociated environmental implications
such as gully erosion arfidods. Therefore, RS
and GIS approaches have shown to be effective
tools for the delind#on, charactedation, and
morphometric characteristics analysis  of
catchmentscrosstie world [2Q.

The primary objectives of this study are to
provide some meaningful insights about
morphometricfeatures including linear, areal,
and relief, of the RustBasin in Erbil, Irag, and
to constructthe hypsometricurve @ well asto
calculatethe hypsometricmumber and curvef
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 Balicated in
the Administrative Boundary of Choman
District in theErbil Province, IragRuste Basin
is 150kilometers km) away from Erbil city in
the south, 50 km from Sidakan District in the
north, 40 km from Soran Independent
Administration in the westand 60 km away
from Haji-Omaran Subdistrict (which is on the
Iragi-lranian border) in the easiThe Ruste
basin has a total area of 164.742 square
kilometers (kni) anda perimeter is 59.017 km
as determined by ArcGIS ver. 10.7. It is
located between liaides 363 6 6 to636°4 5 0
20 N and 1°88@gito64d°866 290
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 mla.s.
(Figure 1.

The study area is in tharid and semarid
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
yea are January and August, respectively. The
annual temperature seldom falls below 3 in
the winter andisesover c B 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 Zagrasrust 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 [2]1. The most agricultural plants grown
in the study area are wheat, legy fodder, oats,
fruit, and vegetables

2. Morphometric
Basin

The morphometric analysis gives systematic
and precise drainage basin information. In the

investigation of Ruste

present study, multipllormulae for quantifying
hydrological parameters aapplied (Figure 2).
These formulae are listed in TaldleThe Terra
Advanced Spaceborne Thermal Emission and
Reflection Radiometer (ASTER) Global Digital
Elevation Model (GDEM) Version 3
(ASTGTM) provides a global digital elevan
model (DEM) of land areas on Earth at a spatial
resolution of 1 arc econd (approximately 30
mete) wastaken from the United States
Geological Survey (USGS)on the Earth
Explorer website
(http://earthexpleer.usgs.goy/
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Figurel: Location map of the Ruste Basin

The hydrology tool inside the Spatial
Analysis Tools of ArcGIS, version 10.7,used
to delineate the basin boundaries, map the
drainage networks, and extract topogiaph
datg for instance drainage characteristics and
other bain parameters to explore thgmificant
tributaries of the selected area
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Figure2: Basin delineation map of the major steps of Ruste Basin: (a) DEMIlo{l) direction, (c)
flow accumulationand(d) stream order
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Results and Discussion investigation i@ntifies the basinfeatures
The Ruste Basin's morphometric  based on guantitative examination of various
characteristics regarding the drainage network, criteria. Parameters are assigned based on their
geometry and texture, and relief features were dimensional characteristics: linear,eal, and

examined. A basin's morphometric  relief parameters
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Tablel: Equations and units used tdatdate morphometric parameters

# Parameters Symbols Formulae/ Equation Units References
Linear Parameters
1 Stream order S Hierarchical rank Unitless [8]
2 Stream length Ly Ly=Lu+LeptLlaninin +L, km [22]
3 Stream number Ny Nu=Nuy+ Np+Nggnnn + Ny, Unitless [22]
4  Mean stream length Lsm Lsn™= (Ly/Ny) km [22]
6 Bifurcation ratio Rp Rp = NW/Ny+1 Unitless [23]
7  Mean bifurcation ratio Rom Average of bifurcation ratio of all orders Unitless [24]
Areal Parameters
8 Area of the watershed A ArcGIS 10.7analysis km?
9 Perimeter of the watershed P ArcGIS 10.7analysis km
10 Stream frequency Fe Fo= (BN km? [22]
11 Drainage density Dy De= ( B/A km'* [22]
12 Length of overlandlow Lg See equation (1) km [25]
13 Basin length Ly ArcGIS 10.7 analysis km [26]
14 Drainage texture Dy Di=( PR km'* [22]
15 Constant of channel maintenanc Cem Cem= 1/ Dy km [22]
16 Infiltration number I ly= Fs % Dy km® [27]
17 Elongation rab Re Re = (2, aAl ")/ L Unitless [23]
18 Form factor = Fr= ALy Unitless [22]
19 Circularity ratio Re R= 4 %A/ P Unitless [29]
20 Compactness coefficient C. C.= 0.2821P/A® Unitless [22]
Relief Parameters
21 Maximum elevation H ArcGIS 10.7 analsis m
22 Minimum elevation h ArcGIS 10.7 analysis m
23 BasinRelief R R=Hh km [14]
24 Relief ratio R, R =R/, Unitless [23
25 Dissection index D D=R/R m km* [26]
26 Ruggedness number R, R,=R x Dy Unitless [8]
1. Linear morphometric parameters intersection where the twstreams of thdirst-
1.1 Stream order(S,) order mee(Table 1) According toStrahler[8]
The degre®f astream that isplitting approach, the twastreams of thesameorder
within acatchments measured bgtream order unite to generate theubsequentS,, and the
(S.). Strahler[8] approach is used to compute process proceeds unthé highesbrderstream
stream ordering, with eaclsmallest stream is formed. The Ruste Basin is a rivadrthe fifth
being the firststream order and the secah order Table2)

streamorder forming directlyunderneaththe
Table2: The studied linear morphometric parameters for Ruste Basin

Stream Stream Total Stream Total stream Mean stream Bifurcation Mean
order number stream length length length ratio bifurcation
(S (N number (Lw (L) (Lsm) (Ro) ratio
(km) (km) (km) (Rom)
1 443 196.261 0.443
2 108 95.022 0.88 4,102
3 22 579 50.583 372.228 2.299 4,909 4.602
4 5 16.705 3.431 4.4
5 1 13.657 13.657 5

1.2 Stream number(Ny)
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The number of stream sectioasistingin each
streamorder is indicated by the stream number
(Ny). The number ofstream sections in each
order, as reported bilorton [23, produces @&
opposite geometric series with he order
number. The trunk stream is the highest
orderstream section. The Ruste Basin's
tributaries were revealed to be of the fifth order
(Table 1) There were 579 streams found, with
443 being firsorder, 108 being second order,
22 being thirdorderstreams five being fourth
order, and only onbeing dfifth-order stream
(Table2). The logarithmic connection between
stream orders and stream  numbers
demonstrated a quick decline from lawe
orderto higherorderstreams as well as a
negative link betweenstream orders and
numbers [Figure 3). The coefficient of
determination was around 0.9%harma [29]
also obtained an%df around0.99. An R value

of one indicates thatthe regression line
impeccably fits the data. The linear pattern
showsthe homogenousock materialis subject

to weatheringand erosion characteristics of the
basin. Ali et al. [30] discovered a similar
association. The highest stream order was
discovered in firstand seconarder streams,

indicating ephemeral streams that are more

proneto erosion and abpt floods [3]. The
variance in streanorder and number found in
the watersheds mostly due to topograpland

bedrock effect. These characteristics indicate
that the Ruste Basin was formed on hard rock,

with a steep slope aridgh relief.

1.3 Stream length(L ;)

As reported byDubey et al. [32], stream
length (L) is one of the drainage basin's
dynamic hydrological characteristics as it
shows surface runoff characteristics.L,

represents the regionof the basin that
contributes to thespecified S, [33]. Total L,
might becomputedby summing the lengths of
all streams in apecified order [34.

The L, was computedsingHo r t [221 0 s
proposed law from 194%treams with shorter
durations can bdiscoveredn areas witthigher
slopes anatonsiderablyfiner textures. Streams
that are greater in length have a flatter slope.
The length betweentwo stream sections is
normally greatest in the first streams and
minimizes as the stream orders grow. The
number of streams ohumerousordes in a
catchmentis documented using a GIS tool, and
their lengths from outflow tdrainageareasplit
are determinedThe firstorderstream of Ruste

Basin is 196.261 km long, h¢ second
orderstream is 9822 km, the third
orderstream is 50583 km, the fourth
orderstream is 16.705 km, and the fifth

orderstream is 13.657 km longTable 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
numberof longer streams indicate considerably
gentler gradients angermeable bedrock
formationg[35]. The totalengths of streams in
the Ruste Basin were found to beghestin
streams of thefirst order and decreadas
stream order increased. Figudereveded a
negative andbgarithmic correlation betwedn,
andS, and thecorrelation of determinatio(R?)

of 0.972 indicating lower permeability and
erosion propertiesHuda [36] discovered a
comparable link. Acording to Hlaing et al.

[37], a larger number of shorter
lengthstreamsccur in a basin of low
permeabldedrock formation and subsoil

materials.
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1.4 Mean stream length (k)

Mean stream length {|) is defired as the
guotientof thelengthof a streamto thenumber
of streams [2R 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, respectivelyTable 2). As canbe sea
from Figure 5 there is alinear positive
correlaton betweenthe S, and Lsy, and the
slope of the regressiome is almost 2.89&nd
the R? reaches 0.707
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1.5Bifurcation ratio (R p)

The bifurcation ratio (B indicates the
integrationlevel  existingbetween  streams
having various orders ina watershed Horton
[22] regarded ther, as an indexf relief and
dissection Strahler [24] believed thatthe Ry
varies relatively slightly between locations with

various environments, apart
from wheresignificant  geological  control
predominags.Additionally, Schumm [23]

defines theR, as the ratio of thetream sections
number of a particular streararder to the
number of sections of théollowing higher
orders. TheR, of theRuste Basimanges from
4.102 to 5.0as shown iTable2). Strahler[8]

statedthat theR;, values araypically 3.07 5.0
for watershedswhere geologic formations do
not disrupt thepattern of thelrainage.

1.6 Mean bifurcation ratio (Rpm)

Strahler[24] used aweighted averag®y,
which is the result of multiplying the mean
bifurcation ratio (RBqy) for each consecutive
group of orders by the totatumber ofstreans
involved in the relation and taking timeeanof
these outcomes to end up witha
betterrepresentation difurcation number. Té
bifurcation ratio is critical in drainage basin
analysis because it aids ievaluating 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 4.603Table?2).

2 Areal morphometric parameters

2.1 Stream Frequency(Fs)

A basin's stream frequency ¢JF which is
expressed in kify can be described as the total
number of the basingream setions divided
by unit area(see Table 1) [22]. The Fs is
controlled by numerousfactors, for example
rock and soil classes, vegetation coverage,
infiltration capacity, runoff intensity, rainfall
intensity, soil permeabilityand land slope [38
The F for the basin is 3.515, indicating that it

has low permeability andhfiltration rate and
high runoff rate which leads to an increase in
the possibility of flood occurrencérable 3).
This resultcan be spported byKale and Gupta
[39] who reported that the greater thewithin

a catchmentthequickerthe runoff anchene 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 kinetienergy and increase
land roughness, and store and maintain runoff
volume and sethent.

Table3: The studied areal morphometric parameters for Ruste Basin

# Areal Parameters Results of Ruste Basin Units
1 Basin area 164.742 km?

2 Perimeter basin 59.017 km

3 Stream frequency 3.515 km™

4 Drainage density 2.259 km™

5 Form factor 0.572 Unitless
6 Drainage texture 9.811 km?

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™
12 Constant of channel maintenance 0.443 km
13 Compactness coefficient 1.297 Unitless

2.2Drainage Density (Dy)

Horton [22] claimed that drainage density
(Dy), expressed in ki is regardedas the
guotientobtained by dividinghe total length of
channel setions (km) forall of theorders in a
catchmentby the area of theatchment(km?)
(Table 2. The low Dy proposesthat the
catchment has a relatively peneable and
porous subsurface and xéensive vegetation
[40]. High Dgq is producedby weak underlying
material, limited vegetation, and bumpy
landscapgs TheDy of thecurrentstudy is 2.259
km™, indicating steeplyo very steeply sloping
hilly terrain with varying plant coveringTable
3).

2.3 Form Factor (R)

Horton[22] describe the form facto(F) as
the ratio of thecatchmentareato the square of
the catchmeris totallength (Table 1. The F; is
a numerical index that is typically utilized in
orderto denote the shapes of different basins
and their flow intensity[41]. The F; value
ranges between zero and one with zero
representingan extremely elongated shape and
one signifying a circular shapelf the form
factor value is 0.7854, it represents a
completely roud basin [33. Watershed witha
high form factor possess a highak runoff
rate for a shorter time, whilst elongated basins
havinga low F; have a flatter peakunoff rate
for a longertime. If the basin is larger in width,
the F; will belarge and vice versa [421n the
current study, the value of the form factor is



Kirkuk University Journal for Agaultural Sciences, Vol4, No.4, 2023 (119)

assessed to be around 0.572 (smétan rangeswk.aomd.VWal nedar 0O ar e
0.7854) whichndicatesthat the watershed is ' i nked wi tllowe xwdrialred luye s
semicircular (Table 3). Nagalet al.[43] found frdmté@®@. 8 corrsaggmanfd ctamt

a similar value for form factor inheir study. andstaeep ground sl ope.

For the purpose of reducing the impact ofppea cat egdr agz e i ) mocrier dOuhOgm (i
runoff rate, there are two riwds to be used: oval t ®089 , and | es¥s ehat
mechanical measures and agronomic measures. 0. 7 he TRust e &@aBRsifn O0ha8ss 3,
The agronomic measures includeontour i ndicati ng( Taan®.loeval f or m

farming, strip cropping, and crop rotatipi]. 2.6 Circularity Ratio (Ro)
. C

2.4 Drainage Texure (Dy) The circularity ratio (R isthe ratio of a
One of the principal concepts in geo catchmeris area to the area of a cirdiaving
morphology is drainage texturéD;), which an identical circumferences thecatchmeris

denotesthe comparative spacing of lines of perimeer [2§. The R; values range fronzero
drainage. The drainage texture, which is for elongated basins tonefor circular basins.

expressed in (kil), is the ratio of thesum of As the value of Rincreases, the basin tends to
streamportionsbelonging toall of the ordersto be more circular, andvice versa. The
theregion'sperimeter [22. The D; is streamfrequency, slope, terrain, geological
determined by the terrain's lithology, infiltration  structure, land cover and climate,of the
capability, and relief parameters Smith [45] catchment all impact the circularity ratio. The
states thab; is affected by natural elements. He  R. of the Ruste Basiis 0.594,as supprted by
further explained thatunconsolidatedrocks Mohammed and Karirfd6], suggesting a semi
with no vegetationcover causefine texture, circular shape, high runoff discharge, and poor
while huge andconsolidatedrocks lead to subsurface permeabilifyrable 3)

coarse texture. Finer drainagxtures form on
dry environment rocks than on humid
environment rocks due to the sparflera.
Smith [45] divided drainage texture into five
types: i) extremely coarseldss than?2), ii)
coarse (2o 4 ), iii) moderate (40 6), iv) fine
(6 to 8), andv) very fine fnore tharm). TheD;

2.7 Length of Overland Flow (Lg)

Thelength of overland flow (), expressed
in kilometers, ighe length of water runningn
the surfacebefore it joins the mainstream,
which affects the drainage basin's hydrologic
and physiogaphic development [22 Overland

for the Ruste Basin is 9.811, indicating that it flow length can be and wasalcuated using

has an extremely fine drainage texture (Table Eql f.rom. [25]. I_nflltratlon ar]d percqlat!on
3). occurring inthe soil, both of which vary in time

2.5 Elongaion Ratio (Re) and place, have a&onsiderableinfluence on

By Schuomsm per s[ps
el ongatigpni gabheen
di vitdhengdi ameter o

t e Lg[47] The high g value implies that
R o btpr |p|'I]a o tray led a substantially longer

f a |§tefxn(&epn?r tC{I\? nFthratl[ngh (g;tregn&s%qg

ice versa [3]L In the currentstudy, theLy was

area as catlkédment t
catchmant mum(ITabbTentR, calculated to be 0.37 k(Table3).

J| 8 8 ||-8 =I.H_ 8 -||8 =|4+ééééééééééé..(1)
When Ly = length of overland flow (slope runoff velocity should be reduced and soil
length) in km, P = perimeter in kmy E basin resistance needs to be enhanced by practicing
length in km, S = average slope basin in percent tillage perpendicular to the direction of the flow
(%), and R = mean Kfurcation ratio (unitless). and using vegetation covers.

In order to reduce soil erosion by water,
raindrop impact on soil, runoff volume, and
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2.8 Basin length (L)

The basirength (L,) of a drainage basin,
which is expressed in km, is a geometric
measurement of itshapeand exten{Table J.

It is a basin's largest length withime greatest
circle encircling thebasin's boundaries and
alongthe major ver length [3]. Using the
ArcGIS program, the maximum basin length in
the currentstudy was determed to be 16.986
km (Table 3)

2.9 Infiltration number (I ¢)

Infiltration number (f), expressed in (km
%,is ddined by Faniran [27] as the value
obtained by multiplyindd4 and k (Table ). I;
valuesspecifya basi nods
Values equal to or less than 6 indicate lower
infiltration numbers, values greater than 10
indicate higherninfiltr ation numkers, and those
lying between7 and 10 are moderate [48\
lower infiltrationnumbermeans the basin has
high infiltration rateanda low runoff rate fi9].
The Iy of the Ruste Basin is 7.941 (Taldg,
which belongs to the moderate range.

2.10Constantof channel maintenance (Gn)

The inverse oDy is the constant of channel
maintenance (&) [22]. Com is expressed in
kilometers(Table J. It is determined not only
by the permeability of the rock, the climatic
regime, the flora, and the relieéit alsoby the
soil erosiondurationand the climatigrofile. In
places of near dissection, the constant is
exceedingly low. The Ruste Basin's,@s
0.443 km (Table3).

2.11 Compactness coefficient (¢

infilte)gcéae

In accordance with Gravelius [50] and
Horton [22], the compactness coefficient
(C) of a catchment is the ratio of the
catchmeris diameter to the radius of tk#cle,
which isrelativeto the basin's are@able ).
The C. is utilized to define thassociatiorof a
hydrological watershed to a ciesthapedbasin
having an identicahrea.The shortest period of
concentration prior to the occurrence of peak
flow is causedn a circular basin. When the.C
value is equal to one, it is an indication that the
watershedinder study behaves completely as a
circular basin. If the €is above one, some
deviation away from the circular nature is
noticeg in_the basin, However Iif the Cc

s' thr8e, He° bagir? rcdﬂra\?e a very
elongated shape [51, B2Ruste Basin has
avalue of1.297 (Table 3) which signifies thia
it has some deviation from a circular shael
similar results were found 4$3].

3. Relief Morphometric Parameters
3.1 Basinrelief (R)

Basin relief  (R), expressed in
kilometers,s the elevation difference between
the uppermost pointand the pou point of a
catchmen{14]. It is one of the crucial features
in understanding the basin's denudational
characteristicslt is also significantin drainage
andlandform developmestboth surface and
underground water flow, terrain erosional
characteristis and permeability Ruste Basin
relief wascalculated to b&.576 km (Table 4).
As a result, theatchmeris high relief suggests
highwater flow,andlimited soil infiltration and
strong runoffrates

Table4: The studied reliemorphometric parameters for Ruste Basin

Relief Parameters Results of Ruste Basin Units
1 Maximum elevation of b&in 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*

10
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3.2 Relief ratio (R)

The relief ratio (R, a dimensionless ratity
the height difference between @tchmeris
highest and lowest points divided by the
greatest length of theatchmenthat runs along
the mgor drainage lind23, 38]. The R:
evaluates theotal steepness of theatershed
and is also used to predict the severity of the
erosion process on theatershed slopes [p4
High relief ratiovalues imply steep slopes and
high R, and vice versa. In generaknoff is
quicker in steepeslope watershedsesulting in

a higher peak flow watershedand ncreased
erosive force [5556]. Steeper basins have a
quicker runoff, resulting in higher peak basin
flows and more erosive force. The Ruste Basin
has a high rdief and slope as its [Rvalue is
0.151 (Table4). As theR;is high, which means

it has more erosive forces on land, this effect
can be mitigated by using narrow terraces
which reduces sediment loss. Haat al., [57]
used a similar method in their study which
their watershed hadomparativelyhigh rainfall
intensity andcoarsetextured soil.

3.3 Dissection index (B

The dissection index () expressed in meters
per kilometer, is the ratio of relative relief
absolute relief[26] (Table ). The D; is an
essential drainage basin metric that depicts the
size of vertical erosion and describes the stage
of landscape or terragevelopmenin any
particular catchment[58]. Rawat et al. [26]
reported that the Di values range from O,
indicating atotal lack of vertical erosion and
predominance devel  groundto 1,
indicatingvertical cliffs on land or at
theseashore. Higher Di values indicate greater
terrain undulation and thus inbihty [59].
Higher Di values cause more erosion, resulting
in a high wlume of sednent debrig26].
According toBhuniaet al. [60], the dissection
index is grouped into five main classes: i) low
Di (< 0.2), ii) medium to low Di (0.200.4),

i) medium Di (0.4to 0.6), iv) high Di (0.6to
0.8),and v) extremely high (8.8).

Nir [61] and Rawatet al. [26] reported that the
dissection index was determined using Eq. 2.

11

O YIY 66666666666
whee D is the dissection index, R is basin
relief, and R is absolute basin relieAbsolute
basin relief (R) refers to the greatest height of
any location irrelation to thanean sea level.

The Ruste Basin's Di value is 0.77, indicating
that thewatersheds highly dissecteqTable 4).

To address this, a straightforward method is to
reduce erosive force and lower sediment loss.

3.4 Ruggedness number (B

The ruggedness number JRis the
combination ofR and D4, and it binds slope
steepnesandLlq [8]. WhenR and [y are large
andthe slopesteepnesss high, the ruggedness
numberexperiencesan excessely large value
[24]. Catchments havinlpw ruggedness values
are less vulnerable ttand erosion and have
innate structural heterogeneityconcerning Dy
ard R There are five types of morphology
based orthe ruggedness numbeé):subdued (<
0.1), ii) subtle (0.7 0.4), iii) temperate (0.4
0.7), iv) acute (0.7 1.0), and v) severe (>1.0).
Severanorphologyfeatures badlands
topography [6263]. Accordingto Table4, the
ruggedness number for the Ruste Basin is
5.819, and this indicates that it has badlands
terrain.

4 Slope

The slope is asignificant element in the
morphometric analysis of any drainage
network It is the slope of the topography with
respet to the leveplain [64. The slope values
in the Ruge Basin range from 0° to 6@nd the
average slope is 22.11840.63%). TheRuste
Basin slope was developed using ArcGIS 10.7
software's spatial analyst program for spatial
analysis and the SRTHDEM. The slope is
divided into five classes, as shown in Figbee
(0° to O 5% is very gentle, (35° to O 15°) is
gentle, (>18to O 30°) is moderate, (>30to O
45°) is steep and (>45to 66) is very steep
[65]. The average slope is located moderate
value.The geographic difference in slopelue
influences the flow directionwater velocity,
soil and water erosion, and depositional
characteristics of the basipaths
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5 Aspect decreases, and the temperature varies
An aspect is e direction the surface consequently. The Rustasin aspect element
gradient faces along its horizontal @xirhe was generated using the spatial analyst program

aspect map is an important element for in ArcGIS 10.7. The resultant raster map
assessing the influence of the sun on the demonstrates the slope direction ranging from
regional climate. Temperature  varies  0° to 360°%or the Ruste Basin, with 0° to

significantly with aspect as well aBeight. 22.5%indicating the north route, 22.%5
According toKang [66], differences in aspects 67.5°%indicating the northeast route, 67%°
can cause temperature changes in trenbdn 112.5%ndicating the east route, 157%°
the context of temperature variations between 202.5°indicating the south route, and so on.
aspects when viewing ithe West andhe East, The contar interval is 200 mThe aspect map
solar radiation thaarrivesat the surface during is depicted irFigure®6.

different times throughout the yaslowly
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Figure6: Basin delineation map of the Ruste Basin: (a) slope classes (%dn{bir lines and(c)
aspect classes
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6. Hypsometric curve and integral

Hypsometric curves and integrals are useful
markers of a basin'sondition[11]. They are
critical for selectingvater andsoil conservation
strategies and evaluating temsion sitein a
basin[67]. The HI is a geomorphological
guantity that is categorized according to the
geologic phases of bagievelopment. It is
noteworthyin estimating the erosiooondition
of a basirand further prioritization in initiating
soil and water conseation activities.Theriver
network and basin shapeplace an important
impacton hypsometry. Foexample the aspect
ratio has a significaneffect on theHC shape
[68]. The data from the contour thematic map
created in ArcGIS was used to constructhhe
which was then estimatetly the elevation
relief ratio approacliescribed by [6P The HI
values were found using Equation 3.

00 O O T0O o é (3

where Hl is the hypsometric integral;

Emean IS the weighted mean elevation of the
basin;

Emin and Ehax are the minimum and maximum
elevationawithin the basin.

Table5: Summary of the values of the parameters used to calculate the hypsometric integral of Ruste

Details of a basinoéds
conditions, and lithological conditions can be
revealed by the computed HI value. Based
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 climbinglC with an HI vale of
more than 0.6, a mature basin (equilibrium
phase) possesses anst@pedHC with HI
values ranging from 0.35 to 0.6, and an old
basin has concaveHC with HI value lesshan
0.35. The average HI in thmurrentstudy was
discovered to be0.467, signifying that the
Ruste Basin isnature(equilibrium phase) and
has Sshaped hypsometric curv€sable5 and
Figure 7). The Ruste Basin requires both water
harvesting methods to wserve 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 productionn the region around the
basin.

Basin
. _ Hypsome
(@/A) or) e

1 10 9%3 193335 286 %% 10T 1000 P 0111 0676
2 ég ﬁ 161793 142671 285 351'04 1‘;3'5 0902 5 0222 0501
3 o 20 L2 as0255 285 0P 110 oese % 0333 04%
4 ;g ig L 143746 285 31410 8329 4505 J 0444 0504
5 1, oo 20 1p9737 286 25°° OS2 om7 10 0556 0454 0.467
6 oo 20 20 a3z 2e5 0% 25 oa73 1 o0ee7 0482
7 20 2T 2% 119860 285 9200 57 0074 0 0778 0421
g 27 39 28> 102323 285 2543 2918 0018 5 0889  0.359
o 30 3 4% 90796 286 0375 0375 0002 o5 1000 0317
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Figure7: The hypsometric curve constructed from thatiehship 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 stream$he findings of the
linear morphometric parameteithistratedthat
the logarithmic relationship between stream
orders and stream numbers showsswift
declinefrom streams ofower-order tostreams
of higherorder with an R of 0.99. The
variation in steam 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 betwekgs and
S, along with a regression line slope of almost
2.898. It was also discovered that there is a
negative association betwe8pandL, with an
R?> of 0.972, indicating that the basin is
composed of lowpermeability formation and
subsurface elements. TRg of the Ruste Basin
rangesbetween4.102 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 had-aof 0.572,
an elongation ratio of 058, 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
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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 atllands landscape.
By applying the elevaticrelief ratio approach,
the averageHl 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 -sBaped
hypsometric curvesWatea 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

basinbés surroundings.
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