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Fractal dimension is a powerful and important index that reflects the physical and
morphological characteristics of rivers and has a close relationship with geometric
features of rivers. The fractal pattern was used to investigate the sinuosity of the
Gharehsou River in Ardabil Province, using the box-counting method. The results show
that the fractal dimension of the Gharehsou River varies between 2.068 and 2.186. The
minimum fractal dimension is in the first category of meanders with lower areas of
tangent circle, and the maximum number of circles falls into the eighth category (having
high areas of tangent circle). Based on the correlation between the number and area of
tangent circles (0.71 to 0.84), it can be said that the river reaches studied follow a fractal
and self-similar pattern. The fractal dimension values in the Anzab village-Taleb
Qeshlagi village reach were calculated to be 2.23, indicating a higher level of self-
similarity, which is related with the naturalness of this river reach, which is located
within a plain area, and the river has undergone more evolution. On the other hand, in
the Taleb Qeshlagi village-Sabalan Damreach, the fractal dimension value was found
to be 1.85, which may be related to the river traversing steeper paths, limiting its
meander development and making the fractal pattern less observable. Human
interventions in the river's course, as well as the river's passage through agricultural
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Extended Abstract
Introduction

Quantifying the unique patterns in geomorphic, geological, and hydrological studies is considered crucial.
Fractal geometry is a beneficial tool in examining changes in linear structures such as faults, waterways, and
meandering rivers. Fractals are objects or processes that exhibit identical appearance or behavior in multiple
spatial or temporal scales. Fractal geometry is a novel branch of geometry that mathematically simulates and
quantifies natural phenomena and complex, irregular objects. The fractal dimension is computed using various
techniques, with box-counting being one of the most widely used. This method is a mathematical tool
employed to investigate geomorphic systems, particularly the geomorphology of rivers. The present study
aims to investigate the fractal pattern of the Qareh-Sou River using the box-counting method and analyze the
river's meandering characteristics. This river is an essential source of drinking and agricultural water in
Ardabil province. The Qareh-Sou River has not yet attained geomorphic evolution and displays irregularities
in its course that may affect activities in the vicinity of the river.

Methodology

The box-counting method was employed in the present study to investigate the meandering condition of the
Qareh-Sou River in Ardabil province. Landsat 8 satellite OLI sensor image from 2018, bands 2, 3, and 5, was
utilized. ENVI5 and ArcGIS10.3 software were used to delineate the river paths. Subsequently, several
parameters, including central angle, meander length and valley length, curvature coefficient, and fractal
components, were computed. In the present study, the fractal pattern was used to investigate the sinuosity of
the Gharehsou River in Ardabil Province, using the box-counting method. Then, the correlation method was
used to examine the relationship between the morphological parameters.

Results and Discussion

The results of the research show that the fractal dimension of the Gharehsou River varies between 2.068 and
2.186. The minimum fractal dimension is in the first category of meanders with lower areas of tangent circle,
and the maximum number of circles falls into the eighth category (hiving high areas of tangent circle). Based
on the significant correlation between the number and area of tangent circles ranging from 0.71 to 0.84, it can
be said that the river reaches studied in the Gharehsou River follow a fractal and self-similar pattern within
the study area. The fractal dimension values in the Anzab village-Taleb Qeshlaqi village reach were calculated
to be 2.23, indicating a higher level of self-similarity in this reach, which may be a reason for the naturalness
of this river reach. Additionally, this reach is located within a plain area, where the river has undergone more
evolution. On the other hand, in the Taleb Qeshlagi village-Sabalan Dam reach, the fractal dimension value
was found to be 1.85, which may be related to the river traversing steeper paths, limiting its meander
development and making the fractal pattern less observable in this reach.

Conclusions

The Gharehsou River exhibits a fractal dimension ranging as a significant correlation (0.71 to 0.84) was found
between the number and area of tangent circles. The lower fractal dimension of 1.85, indicating limited
meander development due to steeper paths, resulting in a less observable fractal pattern. It should be noted
that human interventions in the river’s course, as well as the river's passage through agricultural lands in some
cases, have led to changes in the width and depth of the river and restrictions on meander expansion.
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Figure (3): Classification of the river path based on topography
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Figure (4): The first section of the Qareh-Sou River (Anzab village to Taleb Qeshlaghi village)
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Figure (5): The second section of the Qareh-Sou River (Taleb Qeshlaghi village to Sabalan dam)
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Figure (7): Logarithmic diagram regarding the number of squares and the size of squares in the first category with 8 domains (a), the
second category with 10 domains (b), the third category with 12 domains (c), the fourth category with 14 domains (d)
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Figure (7) cont.: Logarithmic diagram regarding the number of squares and the size of squares in the fifth category with 16 domains
(e), the sixth category with 18 domains (f), the seventh category with 20 domains (g) and the eighth category with 22 domains (h)
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Table (4): Calculated parameters of the first to eighth categories
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