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ABSTRACT
Introduction

Population growth and climate change are significant challenges of the 21st century,
placing substantial pressure on water and soil resources (Misra, 2014). Excessive and
improper use of these resources leads to destructive floods, increased soil erosion, and
sedimentation. This issue fundamentally challenges sustainable watershed development
(Meshram and Sharma, 2017). Effective watershed management practices are essential
for mitigating natural hazards like floods and erosion and often require prioritizing sub-
basins. Morphometric analysis is widely used to examine hydrological characteristics
and conduct research on water resources and soil conservation (Malik et al., 2019).
Effective watershed management, which aims to meet current and future needs,
necessitates optimal management of water and soil resources (Aouragh and Essahlaoui,
2018). One of the most efficient methods for prioritizing sub-basins is to use
morphometric parameters, especially in areas with limited hydro-climatic data,
including precipitation, discharge, and sediment (Meshram and Sharma, 2017).
Simultaneous analysis of morphometric parameters' effects on flooding and erosion for
sub-basins prioritization has received limited attention (Aouragh and Essahlaoui, 2018).
Typically, previous studies have focused on prioritization from either the perspective
of flooding or erosion and sedimentation. In this study, Principal Component Analysis
(PCA) was used to prioritize the sub-basins of the Anjird based on morphometric
parameters, offering a promising approach for future watershed management.

Methodology

The Anjird basin located in East Azerbaijan Province near Ahar, drains into the
Aharchay River and is situated upstream of the Emarat Dam. This study employed
morphometric parameters to prioritize its 11 sub-basins. A review of numerous research
articles identified 15 morphometric parameters as significant factors in flooding and
erosion.
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These parameters include drainage density, average bifurcation ratio, stream frequency, drainage texture ratio,

surface flow length, circularity ratio, form factor, elongation ratio, compactness coefficient, infiltration number,
constant of channel maintenance, mean slope, ruggedness number, relief ratio, and hypsometric integral. To accomplish
this, eight topographic maps from the Mapping Organization, on a scale of 1:25,000, were used to digitize contour lines
and elevation points, thereby preparing the Digital Elevation Model (DEM) and the drainage network for morphometric
analysis. The parameters for the 11 sub-basins were sorted in descending order. For parameters with a direct relationship
to flood potential and erosion, the highest and lowest values were assigned ranks 1 and 11, respectively (Meshram and
Sharma, 2017), (Arefin et al., 2020). Conversely, for parameters such as bifurcation ratio, compactness coefficient,
surface flow length, and constant of channel maintenance, which have inverse relationships with flooding and erosion
(Rezaei Moghaddam et al., 2020), the lowest and highest values were assigned ranks 1 and 11, respectively. The average
rank of the 15 morphometric parameters was then calculated for each sub-basin, with the sub-basin having the lowest
average rank identified as the most critical (priority 1). Principal Component Analysis (PCA), a multivariate statistical
technique for dimensionality reduction, prioritized the sub-basins based on key morphometric parameters (Siddiqui et
al., 2020). SPSS 26 software facilitated the PCA, while R software generated the correlation matrix. The prioritization
results from six PCA-based parameters must align with those based on 15 parameters. Therefore, reducing data
dimensionality is crucial for prioritizing sub-basins, as it significantly lowers costs and saves time.

Results and Discussion

In this study, 15 morphometric parameters were extracted for the 11 sub-basins of the Anjird. Among these parameters,
four—bifurcation ratio, compactness coefficient, surface flow length, and channel constant of channel maintenance—
have an inverse relationship with flood risk and sediment production. In contrast, the remaining 11 parameters exhibit
a direct relationship. In this basin, the highest drainage density (8.5) is observed in sub-basin A2-3, while the lowest
(2.4) is found in sub-basin A1-5. The circularity ratio reaches its maximum value (0.65) in sub-basin Al1-4 and its
minimum value (0.35) in sub-basin A2-2. The highest surface flow length (0.21) is recorded in sub-basin AS5-1, with
the lowest value (0.06) observed in sub-basins A2-3, A1-3, and A1-4. Sub-basin A1-4 had the lowest average rank, thus
being identified as priority 1. In contrast, sub-basin A5 had the highest average rank, placing it as the last priority. In
the PCA analysis, the first three components accounted for approximately 89% of the total variance. Two parameters
with the highest correlation coefficient were chosen from each component after rotation using the Varimax method to
select key parameters. The key parameters selected through PCA from the initial 15 morphometric parameters were
drainage density, circularity ratio, bifurcation ratio, stream frequency, compactness coefficient, and hypsometric
integral. Similarly, in the prioritization based on these six key parameters, sub-basin A1-4 remained as priority 1, and
sub-basin A5 continued to have the highest average rank, reaffirming the utility of the PCA method in data
dimensionality reduction. Ultimately, priority based on both the 15 parameters and the six key parameters were
produced for the entire basin.

Conclusions

The Anjird basin, located in East Azerbaijan Province and upstream of the Emarat Dam, has been evaluated for
prioritization concerning flood and erosion risks. Sub-basin A1-4 is the highest priority, while sub-basins A1-1, A1-2,
and A1-3 are considered secondary priorities. The results indicate that sub-basin A5 is in better condition than the
others. The prioritization results based on the six key parameters selected using the PCA approach were similar to those
based on all 15 morphometric parameters. The PCA method facilitates sub-basin prioritization by reducing the number
of parameters, thereby saving time and costs. This study’s findings align with other research, highlighting drainage
density, circularity ratio, and bifurcation ratio as significant parameters in the prioritization process. Identifying critical
sub-basins and optimizing their management can lead to effective watershed management practices. This approach
helps reduce sediment inflow to the Emarat Dam reservoir and minimizes flood damage in the downstream villages of
the watershed.
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Table (2): The values of basic parameters for Anjerd sub-basins
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Figure (2): Pearson correlation matrix for morphometric parameters
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Table (4): Eigenvalues and total variance explained by principle components
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Table (5): Correlation coefficient matrix of morphometric parameters with principal components

oS 9 Sl 50wl o oSl yg Sz b el
il c1 c2 c3 ol c1 C2 C3
Rb [-YY — [OYY <IVV¥ Rb AL -\ £ —+/aY¥#
Dd - [35A —-IY\Y — [ BY Dd NLYY Y VTR
Fs <19¥0 —+/YY AR Fs NEYTY _./-qY _e 59
T - IAQA SINYE SIY T - IAO¥ YN ANYZ
Rf <IN EP -IAQ) AR Rf ooy - IAPA - IVEA
Rc - IYYY - IAYF -IYYY Rc 1o AF +JAF) Cefeey
Re -IVFE <Ay -[+vA Re ofee < IAEA -/vaA
Cc A NI —+/¥TA Cc AN —+/ayyY IR
Lo —-/afY IVEE /- FY Lo —-/ag- 1+ AA CYE
Rh - IVOF -/fYa —-IVEY Rh vy JEeA Nita
HI AR - IFYY —-[bFY HI — VAR - IYSY N
Slp 1aY0 SINY . /-8y Slp < IAAY <IYAY —|e Y
IF [AYA —e YA — VY IF - 138 oA o[ SA
C <Ja¥Y -IVFf /oY C AL <[+ AA <\YE
Rn < IAAY -[-aY —+1AD Rn IAY NAYS ./ ¥4
Lads> ) Gauca gyl

e, (nl 5ol (g 28l olais ] jasiine i) s 7egd )90 bl o Sl cadg> 5 8 sl V9 7 gl bl
Olyieds g oas; (1Sl (n feS (5110 45 Slad g 5 (saias; AT 0 0 sl ad9> 5 1 Sl Coglyl (e jshatens
Ghlo asg> 5 a5 (68 l5e yo b aid Sl o Coglgl BT laied (Sl oo b gladg 5 5 () 45) sl Caglyl

¥ S Gllae) il polans] o)l 4 oo Coglsl aiiog: olaSl Lo i (sl cnilee

30



VEP 3l OFF o 5lad Y. 0503 5 sl by 00 500t

oy g Jogb 5T e e Judd P9y b 0yl glrad g 5 (sl ol

8,0l ades pj Gucaglgl 9 5 ykegd g0 yolyly 003l Guuan;:(F) Jgu
Table(6): Ranking of fifteen morphometric parameters and anjerd sub-watersheds Prioritization
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Figure (3): Anjerd sub-watersheds Prioritization map using PCA Method
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