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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 Al-5. The circularity ratio reaches its maximum value (0.65) in sub-basin Al-4 and its
minimum value (0.35) in sub-basin A2-2. The highest surface flow length (0.21) is recorded in sub-basin A5-1, with
the lowest value (0.06) observed in sub-basins A2-3, A1-3, and Al-4. Sub-basin Al-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 Al1-4 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 Al-4 is the highest priority, while sub-basins Al1-1, Al1-2,
and Al1-3 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. ldentifying 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

(Km) ass> Job (Km) lapxe (Km?) colue adg> 55 @,
oY \V/EY Y- Al-l )
#I¥A YVYa YoXf Al-2 Y
Y0 VI Y VDY Al-3 Y
YIAD A - YI¥Y Al-4 ¥
s15 WY V1/aY AlS 5
N VEIOY ARF A2-1 5
dIYY \YIVY BIYY A2-2 v
Y/¥A AOY YIVO A2-2 A
YI00 \Vad VY/AA A3 a
YT \YIYO /a5 A4 v
B V-/89 ¥/t AS X

8,26l bade pj (5 yegd 90 sla kel polie (V) Jouar
Table (3): The values of morphometric parameters in 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
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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

32



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

ol ¢ Jgb 51 e e Judad Shgy b o il A gx p j (guiuca ol

A2- Al-1 sloass> 15 g 009 0,50l ddg> 10 Ade> 5 (5 Slon Al-4 dbg> 55 aS aas oo )lis saliplon] (gainuglgl gl
(65,5 o 16300l 308 asgie copd duo s 5alis sl ymall L I A4 adgm 15 S e )5 pos Cuslsl ;5 AL3 4 1
Slr o9 ax g vl (Fu e e 5l g edg 4y YL Gl (JUI SlllaaSS iy g (59,88 cups (b (L Job
Lol sbla> Olladl gl >

S5 el Sy, 5 S edige Syl il Sl xFo e b ysiS 5l g5 g JBIs o gonsie Slaagh 3l slaans o
Seislsrnen bl a5 ladsgm 10 355 oo sl bl ol 1 sl 00 plowl Waadg cancaslsl sl (MCDM) o, Laodiz
OHes 5 (5ymal) Wigd (miwliel 5 analie Lialuyd 5 (SoSslgrnee Sl Thy » e o)z (S ereal slagty,
5 ol mlie Comie g @ymalin 55 bl Gl 5l Sy oylyan i 5] LB 5 yaine Lol 03l a5 585 51 ablie 4o
Ot Slp S5 olnl Wlgi oo (alrd iz )0 0Rod s gt i0e koS p (S sle0 S0 5 esliiul L09d oo Cgme ST
sl ol adsl glagl s cblis Slaladl eyl

& S Ao

oolal b (3,5 w31 liwl jo ozl adgm 55 005k s lopsul § S cbla> Sloladl ooyl jalateds idgh (ol o
el (b, 5l e Jelse G e (lolid g baosls (Sauzmy halS (ln aiid )5 )15 (om0 0590 (5ykegdy9e sloyialily
@ adgl als VO 511, (6 yiegd 90 sl ol )b Slaws lei oo aS Slo lis Jdow ol bl ol 423 )8 o e (PCA) Lol slaadlse
bl (6 agand JI Sl g 50,88 (oo anlpl Slgld colaiil Cans (69,5 G ¢ 28 (o515 Jelds (oS el b i
L 5o g byiel)b JolS acgomme 5l oolatwl b laasg> 5 (somcoglgl bt amlie .ol j2als mls S5 L cds asyl fygas wls
g el Lo plond] aas g ools slal alS 0 PCA b, ciou il by as ol las |y oYL sl oo ol )l i
cbla> aiw) ;o o pae Slladl olhal slacuglsl jow jo g dalain o 5 Slmo Glsieds Al-4 abe> 5 (ganuglgl (pl ulal
Qi85 sl sl pgo 00, ;0 A2-1 5 AL-3 AL-D sladsg> 5 )] 5l G 28,5 18 S g ol wolis

gy o Sels e Sledbl oS ()l 3 0504 ¢(5 5058 )50 Sla sl )y Jelod a5 wes oo (LIS gl (nl s o IS ysbay
b @b.’?u (_gl.:bd..byﬁ)‘ @L..:L.....; (_g‘).} oLo...c‘JJlS 9 d.é)..ad.gdj).ﬁ.a By <5°)S:’.3) wlys‘, PIWOS IRV OWR S LS""\""’ Lngolo L
Sleladl gl jlwace; ..\3|936A 59,10 (63,40l adyl Cj.la..,; 3 (s e o6 55 pouas G,L...w., I G,Yb CollB gy ol
GG )0 395 o0 dpogi WDl odezmn (ST 5508 Ll pd Slilo 5 (SlwnsS Bblie 10 0594 )5l by adg> 13 widan 5 S5e
Comelz 5 CE U 09 (i liel 5 oS (Sufslsyne slagasly g ojlmeniz S real 5l ,Ss, S b i) cnl ea
il Gl e ol )

33



VE P il PP o ladi ) Yoo e AT\ STV ET BT

References

Ameri, A. A., Pourghasemi, H. R., and Cerda, A. (2018). Erodibility prioritization of sub-watersheds using
morphometric parameters analysis and its mapping: A comparison among TOPSIS, VIKOR, SAW, and CF
multi-criteria decision making models. Science of the Total Environment, 613:1385-1400 .

Amiri, M., Pourghasemi, H., and Arabameri, A. (2018). Prioritization of flood inundation sub-watersheds of
Maharlo watershed in Fars Province using morphometric parameters and VIKOR decision making model,
Iranian Journal of Echoydrologymm 5 (3): 813-8527.

Babaei Hessar, S., Hamdami, Q. and Ghasemieh, H. (2017). Identify the effective wells in determination of
groundwater depth in Urmia Plain using Principal component analysis. Iranian Journal of Water and Soil,
31(1): 40-50 .

Babaei Hessar, S., Ghazavi, R., and Erfanian, M. (2018). Urban flood simulation and prioritization of critical
urban sub-catchments using SWMM model and PROMETHEE Il approach. Physics and Chemistry of the
Earth, Parts A/B/C, 105, 3-11.

Menbari, F., Maleki, A., and Hadi, N. (2023). Flood modeling in watersheds using statistical analysis and
morphometric characteristics (a case study of watersheds in Kurdistan province). Iranian Journal of
Hydrogeomorphology, 9(33):105-87 .

Rezaei Moghaddam, M. H., Hejazi, A., Valizadeh, K., and Rahimpour, T. (2020). Flood Analysis of
Subbasins Using WASPAS Model (Case Study: Aland Chai Basin, Northwest of Iran). Iranian Journal of
Hydrogeomorphology, 7(24): 83-106 .

Zabihi Silabi, M., Sadeghi, S. H., and Vafakhah, M. (2024). Soil Erosion Elasticity Initiative for Prioritizing
Sub-Watersheds. International Soil and Water Conservation Research.

Aouragh, M. H., and Essahlaoui, A. (2018). A TOPSIS approach-based morphometric analysis for sub-
watersheds prioritization of high Oum Er-Rbia basin, Morocco. Spatial Information Research, 26:187-202 .

Arefin, R., Mohir, M. M. I, and Alam, J. (2020). Watershed prioritization for soil and water conservation
aspect using GIS and remote sensing: PCA-based approach at northern elevated tract Bangladesh. Applied
Water Science, 10:1-19.

Bisht, S., Chaudhry, S., Sharma, S., and Soni, S. (2018). Assessment of flash flood vulnerability zonation
through Geospatial technique in high altitude Himalayan watershed, Himachal Pradesh India. Remote Sensing
Applications: Society and Environment, 12:35-47.

Biswas, S., Sudhakar, S., and Desai, V. R. (1999). Prioritisation of subwatersheds based on morphometric
analysis of drainage basin: A remote sensing and GIS approach. Journal of the Indian society of remote
sensing, 27:155-166 .

Faniran, A. (1968). The index of drainage intensity: a provisional new drainage factor. Australian Journal of
Science, 31(9): 326-330.

Gajbhiye, S., Mishra, S. K., and Pandey, A. (2014). Prioritizing erosion-prone area through morphometric
analysis: an RS and GIS perspective. Applied Water Science, 4:51-61 .

Govarthanambikai, K., and Sathyanarayan Sridhar, R. (2024). Prioritization of watershed using morphometric
parameters through geospatial and PCA technique for Noyyal River Basin, Tamil Nadu, India. Journal of
Water and Climate Change, 15(3):1218-1231 .

34



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

Horton, R. E. (1945). Erosional development of streams and their drainage basins; hydrophysical approach to
quantitative morphology. Geological society of America bulletin, 56(3): 275-370 .

Kherif, F., and Latypova, A. (2020). Principal component analysis. In Machine learning. Academic Press,
209-225.

Langbein, W. B. (1947). Topographic characteristics of drainage basins (No. 968-C). USGPO.

Malik, A., Kumar, A., Kushwaha, D. P., Kisi, O., Salih, S. Q., Al-Ansari, N., and Yaseen, Z. M. (2019). The
implementation of a hybrid model for hilly sub-watershed prioritization using morphometric variables: Case
study in India. Water, 11(6):1138 .

Meshram, S. G., and Sharma, S. K. (2017). Prioritization of watershed through morphometric parameters: a
PCA-based approach. Applied Water Science, 7:1505-1519 .

Miller, V. C. (1953). A quantitative geomorphic study of drainage basin characteristics in the Clinch Mountain
area, Virginia and Tennessee (Vol. 3). New York: Columbia University.

Misra, A. K. (2014). Climate change and challenges of water and food security. International Journal of
Sustainable Built Environment, 3(1):153-165 .

Nautiyal, M. D. (1994). Morphometric analysis of a drainage basin using aerial photographs: a case study of
Khairkuli Basin, District Dehradun, UP. Journal of the Indian Society of Remote Sensing, 22:251-261 .

Patton, P. C., and Baker, V. R. (1976). Morphometry and floods in small drainage basins subject to diverse
hydrogeomorphic controls. Water Resources Research, 12(5):941-952 .

Pike, R. J., and Wilson, S. E. (1971). Elevation-relief ratio, hypsometric integral, and geomorphic area-altitude
analysis. Geological Society of America Bulletin, 82(4):1079-1084 .

Rai, P. K., Mishra, V. N., and Mohan, K. (2017). A study of morphometric evaluation of the Son basin, India
using geospatial approach. Remote Sensing Applications: Society and Environment, 7:9-20 .

Salem, N., and Hussein, S. (2019). Data dimensional reduction and principal components analysis. Procedia
Computer Science, 163:292-299 .

Schumm, S. A. (1956). Evolution of drainage systems and slopes in badlands at Perth Amboy, New Jersey.
Geological Society of America Bulletin, 67(5): 597-646 .

Shaddoud, M. A., Costache, R., Kotaridis, I., Fereshtehpour, M., & Kurigi, A. (2025). Flash flood
prioritization assessment using morphometric analysis in the coastal region of the Eastern Mediterranean.
DYSONA-Applied Science, 6(1), 172-185.

Siddiqui, R., Said, S., and Shakeel, M. (2020). Nagmati River Sub-watershed prioritization using PCA,
integrated PCWS, and AHP: A case study. Natural Resources Research, 29:2411-2430 .

Singh, P., Gupta, A., and Singh, M. (2014). Hydrological inferences from watershed analysis for water
resource management using remote sensing and GIS techniques. The Egyptian Journal of Remote Sensing
and Space Science, 17(2):111-121 .

Smith, K. G. (1950). Standards for grading texture of erosional topography. American Journal of Science,
248(9):655-668.

Strahler, A. N. (1964). Quantitative geomorphology of drainage basin and channel networks. Handbook of
Applied Hydrology.

35



