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ABSTRACT

Introduction

The Atrak River, as a vital water resource in northeastern Iran, has undergone
significant morphological changes due to natural and anthropogenic factors. Field
monitoring of river morphological changes—particularly in meandering reaches—is
costly, time-consuming, and hampered by limited access to border and inaccessible
areas. While previous studies primarily focused on wide rivers, this research addresses
the existing knowledge gap by evaluating the efficacy of remote sensing methods for
monitoring morphological changes in rivers with average widths under 50 meters. The
study examines the Internal Atrak River, a region confronting challenges such as
channel migration and increased flood risk due to climate change, erodible geology, and
human activities.

Methodology

Leveraging remote sensing advantages—including low cost, extensive coverage,
periodic data access, and reduced reliance on complex field measurements—this study
utilized Sentinel-2 satellite imagery (5-day temporal resolution) from 2016 to 2021. The
research focused on four bends of the Internal Atrak River near Korand and Hootan
villages in Golestan Province. After image preprocessing (comprising contrast
enhancement, high-pass/low-pass filtering), six spectral indices (NDVI, NDWI,
MNDWI, AWEIL, WIR, EWI) were computed for river identification. The river
centerline was extracted using QGIS software based on these indices. Accuracy was
assessed using Root Mean Square Error (RMSE), length difference percentage, and
spatial agreement (within a 10-meter buffer). All processing was implemented via
Python coding and QGIS tools.
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Results and Discussion

The Modified Normalized Difference Water Index (MNDWI) demonstrated the highest accuracy for 2016 data (RMSE
= 6.09 m, agreement = 94.13%, length difference = 0.47 m) and was consequently selected as the reference index for
2021 verification. verification results showed 1.45% length difference and 85.95% agreement. Change pattern analysis
revealed all four bends were morphologically unstable, with rotational and extensional patterns dominating meandering
sections. Bend 4 exhibited the highest migration (50.10 m), identifying it as the most active bend during the study area.

Conclusions

This study confirms remote sensing as a cost-effective, rapid, and accurate method for monitoring river morphological
changes—particularly in narrow rivers and areas with limited field data. MNDWI emerged as the optimal index for
extracting the Internal Atrak River's features. Findings on bend instability and change patterns provide critical insights
for sustainable river management, riparian land protection, infrastructure safeguarding, and flood risk assessment in
the Atrak basin. The use of freely available Sentinel-2 data makes this approach especially practical for resource-
limited regions. This research establishes a reliable scientific and operational framework for river morphology studies
and facilitates broader adoption of remote sensing in fluvial monitoring.
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Figure (1): Study area, a) Map of part of the internal Atrak basin located in Golestan province (Barzali et al., 2022:135) b) Google
Earth image of the study area
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Figure (2): Geometric characteristics of thg river (Maghsoudi et al., 2017:367)
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Figure (3): Morphological characteristics of the river (Negal et al., 2023:4)
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Figure (4): Present study Flowchart
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Figure (5): Comparison of the observed and calculated centerline for the Atrak River in 2016 (calibration)
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Table (2): Calibration based on RMSE, length difference percent, and spatial agreement (with a 10-meter buffer)
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Table (3): Real and calculated river sinuosity with different spectral indices in 2016
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Table (4): First meander geometric characteristics in 2016
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Table (5): First meander calibration based on length difference percent and spatial agreement (with a 10_meter buffer) in 2016
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Table (6): Second meander geometric characteristics in 2016
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Table (7): Second meander calibration based on length difference percent and spatial agreement (with a 10-meter buffer) in 2016
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Table (8): Third meander geometric characteristics in 2016

s a3l () egi Jsb () ogi gles (42 19) 35 o 24313 Lol 4 0
EWI YAY/OV ZYIVY YOV/-Y i
WIR Y&e/\Y AATEFA Y-4/Yy \/#

NDVI YZEIPY AR YZAIAY \ITA
NDWI YZO/AY Z/\Y YO+ /VF VYA
MNDWI YOV/AY 2000 YYO/F \/f.
AWEIsh YOOINF ZYIVY Yya/ey \/FY
Real (2016) YOY/YY INTARE Y&V Y AR

35



\f'a};l:cf/\ .aJuL\YaJ}JL‘_;j‘,j}é)‘,ﬂ}:j})M

ohlws g bz’ ol el g balBogy lals &5 e

V17 Jlo (g% Ve Pl adlin b) (2Lad @l 9 Jgb ST duoyd (bl 32 pgmr (9B (Zmly 1) Jgur
Table (9): Third meander calibration based on length difference percent and spatial agreement (with a 10-meter buffer) in 2016
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Table (10): Fourth meander geometric characteristics in 2016
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Table (11): Fourth meander calibration based on length difference percent and spatial agreement (with a 10-meter buffer) in 2016
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Figure (6): Comparison of the observed and calculated centerline for Atrak River in 2021 (verification)
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Table (12): Verification results in 2021
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Table (13): Real and calculated meander length and length difference percent for 4 selected meanders in 2021
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Table (14): Real and calculated sinuosity for 4 selected meanders in 2021
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Table (15): Real and calculated meander radius for 4 selected meanders in 2021

Vg Ve ¥ oog AEt
MNDWI FY/aY YY-/IY0 \RZAR V- Y/AY
Real A-IYY YAYVIYO YAy WYY

Ver) Jlo gl p (2Uei) (w93 ¥ sl (Ll 9 (o28lg 535 0 2913:(07) Jgur
Table (16): Real and calculated central angle for 4 selected meanders in 2021
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Figure (7): Calculated river centerline migration
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Table (17): Real and calculated 4 meander apex migrations (m), 20162021
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Table (18): Real and calculated 4 meander migration Rates (m/yr)
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Table (19): Meander pattern changes based on Schumm’s studies
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