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Abstract

Braided channels are subsidiary branches of riverine flows that primarily develop on the surfaces of alluvial fans
and, occasionally, across floodplains. These channels serve as vital pathways for distributing floodwater across
alluvial fans, making their accurate identification essential for predicting natural hazards, such as floods and
erosion, and conducting effective environmental management. In the Islamabad Alluvial Fan of Yazd, the
expansion of floodwaters has led to the formation of erosional landforms, such as gullies created by surface
runoff. If not properly managed, these features pose significant risks to critical infrastructure, particularly
transportation networks, which was a central focus of this research. The primary objective of this study was to
create a high-accuracy spatial map of these flood channels. By utilizing GeoEye satellite imagery and a contrast
difference detection algorithm, an image segmentation-based approach was employed to semi-automatically
extract the spatial distribution of braided channels. Implementing this method on the eCognition platform using
an object-based processing approach revealed that the generated polygons aligned well with the surface
morphology of the alluvial fan. They effectively delineated features, such as gully patterns, braided channel
networks, and floodwater dispersal routes. Additionally, the active area of the Islamabad Alluvial Fan was
identified and visualized. These findings marked a significant advancement in flood risk management and the
protection of ecosystems in arid regions. This research concluded that the contrast-based segmentation method
had proven highly effective in detecting the morphology of alluvial fans. It successfully identified the
approximately conical shape of the Islamabad Alluvial Fan, which was left-skewed, and detected the surface
distributary channels in a semi-automatic manner through polyline drawing. The success of this method in
capturing the form and surface features of the Islamabad Alluvial Fan was attributed to its simultaneous use of
spectral information and morphological characteristics, such as size, slope, and shape of the landform.
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Introduction

Braided channels are dynamic, branching subsidiary channels of river systems found in a variety of geographical
environments, including the surfaces of alluvial fans, river deltas, mountainous gravel streams, sandy-bed rivers,
and sedimentary plains. These channels are a significant focus for scientists across multiple disciplines. For
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geomorphologists, braided channels commonly found in high-altitude and periglacial regions are important for
understanding erosion and sediment transport. For water resource and civil engineers, identifying these channels
is crucial in the design of dams, water intake systems, and water transfer channels, all of which face threats from
reservoir sedimentation due to high sediment transport and erosion rates. Braided channels serve as vital conduits for
distributing floodwaters on alluvial fans, playing a central role in shaping hydrological and geomorphological
processes. Economically, the alluvial deposits associated with braided channels form significant hydrocarbon
reservoirs and are important sources of sand and gravel. These channels consist of numerous alluvial pathways that
continuously separate and rejoin around sediment bars and islands, creating an intricate structure that resembles a
braided rope. The formation and evolution of braided channels depend on water dynamics and watershed
characteristics. As primary pathways for flood distribution on alluvial fans, their identification is critical for flood
management. If not properly recognized and managed, braided channels can pose significant risks to regional
infrastructure. Therefore, understanding and identifying these channels is essential for predicting natural hazards, such
as floods and erosion, and conducting effective environmental management.

Materials & Methods

Modern techniques for analyzing landform features utilize object-based patterns and satellite image
segmentation as essential tools for extracting and classifying geomorphological landforms. In this research, the
spatial distribution of braided channels on the Islamabad Alluvial Fan in Yazd was semi-automatically detected
using the contrast difference method. This approach employs a hierarchical segmentation strategy, breaking
down images from whole to parts by dividing features into smaller, homogeneous sub-units. The method focuses
on variations in pixel brightness, converting image features into binary regions (black and white). By
determining spectral thresholds, dark and bright areas are separated through the delineation of distinct polygons.
This technique enables identification of locations where braided channels form, which are critical for
understanding areas prone to hazardous flood distribution and represent the active sections of the alluvial fan.
The study concentrated on the Islamabad Alluvial Fan within the Yazd-Ardakan Watershed near Taft County,
where frequent flooding had resulted in erosional landforms, including gullies formed by surface runoff. The
uncontrolled expansion of these features posed significant risks to critical infrastructure, particularly
transportation networks, highlighting the importance of this research. The primary objective of this study was to
create a high-precision spatial map of flood channels to enhance flood risk mitigation strategies. To achieve this,
GeoEye satellite imagery characterized by high spatial resolution and a contrast difference detection algorithm—
an advanced image segmentation technique—were employed. This semi-automatic method was implemented on
the E-Cognition platform using an object-based image analysis approach. The results demonstrated that the
generated polygons closely aligned with the surface morphology of the alluvial fan, accurately depicting details,
such as gullies, braided channel networks, and flood distribution pathways with remarkable precision.
Additionally, the active section of the Islamabad Alluvial Fan was effectively identified and visualized.

Research Findings

One of the primary achievements of this method that captured researchers' attention was the radial pattern of
braided channels observed in the output maps. This pattern illustrated the branching distribution of channels
radiating from a central core and exhibited remarkable morphological consistency with Bristow's (1993) findings
regarding the formation dynamics of alluvial fans in arid environments.

Other significant findings of this study included:

# Spatial Mapping Accuracy: Integration of GeoEye imagery with object-based methods allowed for the
precise extraction of braided channels at a spatial scale, significantly enhancing the resolution of flood hazard
maps.

# ldentification of Active Fan Section: By mapping the concentration of primary braided channels, the
study revealed that the most active channels were predominantly located in the distal section (base) of the
Islamabad Alluvial Fan.

# Morphological Alignment: The mapped polygons exhibited a strong correlation with the fan's surface
features, confirming the method's reliability in complex arid environments. Geometric analysis revealed a left-
skewed conical shape at the fan's base.

# Risk Reduction: Identification of active fan zones and erosion hotspots provided valuable insights for
infrastructure protection and flood risk management.
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Discussion of Results & Conclusion

Based on the results and findings of this research, it could be concluded that the majority of braided channels had
formed in the distal section, or approximately at the base, of the Islamabad Alluvial Fan, which was also where
the active section of the fan was located. The hierarchical whole-to-part algorithm based on contrast difference
detection used in this study effectively identified the general morphology of the asymmetric conical alluvial fan
and surface details, such as braided channels, through continuous polygonal lines. This method worked by
gradually dividing image features into smaller subunits, continuing the segmentation process until spectral-
spatial homogeneity criteria were met in each unit. The final homogeneous units were referred to as "image
objects". Since these objects were derived from the hierarchical decomposition of large-scale features, this
approach was also known as the "nested decomposition algorithm”. The success of this method could be
attributed to the integration of spectral data from electromagnetic reflection values across different bands with
morphometric parameters, such as shape, density, and drainage patterns. While spectral data alone might not
effectively distinguish landforms with similar reflectance, their combination with indices—such as the pyramidal
shape coefficient characteristic of alluvial fans—significantly enhanced classification accuracy. These results
signified a pioneering advancement in flood risk management and ecosystem protection in arid regions. The
findings suggested that the presence of braided channels indicated high flow discharge and a significant
concentration of coarse-grained sediments, such as sand, within the riverine system. Thus, identifying these
channels in older sedimentary layers could be interpreted as evidence of past wet periods or frequent flood
events. This characteristic positioned braided channels as vital tools for reconstructing historical climatic
changes and conducting geomorphological studies as their formation patterns were directly linked to long-term
moisture and hydrological fluctuations. This research underscored the importance of identifying braided
channels as a critical factor in flood risk management, soil erosion reduction, and maintaining hydrological
balance. Furthermore, these aquatic networks were not only valuable sources of construction materials, but their
unregulated exploitation could lead to irreparable consequences for arid ecosystems. Consequently, this study
demonstrated that the proposed method was an effective tool for monitoring morphological changes, identifying
high-risk flood areas, and promoting the sustainable management of natural resources.
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Figure 1. Braided Channels in VVarious Geographical Environments: (a) On the surface of an alluvial fan (b) On
the surface of river deltas (c) In sandy-bed rivers (d) On alluvial plains (Bristow & Best, 1993)
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Figure2. Active and Inactive Zones and Types of Fan Apexes. (Federal Emergency Management Agency
[FEMA], 2016)
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Figure 3. Location of the study area (Alluvial fans of the Yazd-Ardakan basin) (Authors, 2024-2025)
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Figure 4. Methodoogy Flowchart (Authors, 2025)
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Indicated by Arrows. (Authors, 2024-2025)
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Figure 6. Results of segmentation on the IslamAbad-Yazd alluvial fan; Lower sections show magnified samples

from Boxes A and B, demonstrating braided flood channels and gully erosion features formed by flooding,
respectively (Authors, 2024-2025)
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Figure 7. Alternative representation of active channels on the IslamAbad alluvial fan (Authors, 2025)

oAt L Gl e lad sl o smal Il Ay ol 50 sl s pgla A S 55 &7 sbOles
ud‘}l_w N‘)‘ &_.’.JA.); HJJ}OJ_'; LSL_AM.W“[_JL_; wﬂ-:kd)’\:?—‘ o J};&f 6.*.«4@....«23
5 oNan laal 535 Lulid OISl dl b cpl 5 po 350 et 5 SSB 55 L Sl e e 5 Gk



VErE ) ket QY by P Dl (i 5,0l 5 Wl VaA

.,Li\)e )‘ J.a\:— ),:; LACJA B Llodds u.a.z.&ua E) C‘Jp:l.w\ Lfi‘:"‘ dugﬂ‘ygfki L) :L:Tr“)kw\ muaj)xﬁ L}J—J"""»‘f LSLAJL»LS A Jg.i
Q808 OB dg 8) Sl sl 5 3 (g huankad

Figure 8. extracted braided channels of the IslamAbad alluvial fan, delineated with black polylines, with squares
representing segmentation-derived features from the software processing (Authors, 2025)
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Figure 9. (A) Input image of IslamAbad alluvial fan; (B) Processed image using semi-automated contrast-based
segmentation; (C) Resulting GIS vector map that shows a leftward skewness at the base of the cone (Authors,
2024)
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Figure 10. The primary braided channels are predominantly observed in the distal section of the IslamAbad
alluvial fan (Authors, 2025).
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