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 Barzaman alluvial fan

Implementing ML/DL to automate paleochannel and fluvial features detection, enhancing mapping 
accuracy and understanding of landscape evolution
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Alluvial fans [1,2]: 

• Distinctive conical fluvial landforms developing at the abrupt widening of mountain 
valleys.

• Occurring in various environments and geomorphological settings. 



Activation/deactivation of channels ultimately depends on the local hydrological 

regime [1,2]: 

• Lateral migrations of active streams.

• Preservation of various generations of paleochannels (inactive channels).

• Establishment of relative chronology based on their geometrical relationships.



Main aims:

• Understanding fluvial landforms is critical for reconstructing past hydrological 
conditions of the alluvial fan, which occurrence at the foothills of mountain belt reflects 
the role of climatic and tectonic influence on its evolution.

• Manual mapping is time-consuming, and the subjective interpretation of fluvial 
features and paleochannels can lead to inconsistencies, characterised by different level 
of generalisation, in the assessment of hydrological history and landscape evolution.
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• New high-resolution geomorphological map of the Barzaman alluvial fan.

• Development of a DL pipeline for the automtic tracing of paleochannels.

• The development of this approach will enhance the potentiality for remote mapping of 
alluvial fans and other fluvial landforms in semi-arid and arid environments → 
understanding of alluvial fan dynamics and providing valuable insights for future research 
in fluvial geomorphology.

• Northern Sultanate of Oman

• Al-Hajar Mts: southern margin 
flanked by extensive alluvial fans 
[3].

• Area: ∼ 1780 km2.  

• Semi-arid to arid climate + almost-
complete absence of plant cover →  
observation of the bare surface of 
alluvial fan. 

• Intricate and complex patterns of 
(paleo-)drainage systems: recognition 
of up to 14 generations of 
paleochannels along the alluvial fan 
[4,5,6].  

• Paleochannels: series of exhumed 
Pleistocene alluvial fan systems [3]. 
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CNN (Convolutional Neural Network) model:

• Effective for the segmentation of alluvial fans from multispectral imagery → capturing both spatial 
and spectral features. 

• Capable of learning the spatial context → distinguishing paleochannels from other landforms. 

• Capacity to generalize effectively across diverse geographic regions and environmental conditions. 

• Automating the segmentation process over extensive datasets.



U-Net architecture [7]: 

• Encoder-decoder architecture is well-suited for image segmentation tasks → accurate delineation 
of boundaries.

• Capable of capturing both low-level and high-level features due to the presence of contracting 
(encoder) and expansive (decoder) paths, which progressively reduce and then recover spatial 
resolution.

• Developmnet of a new U-Net model: 4-depth level, ReLU as activation function (linear function).

 

A comprehensive learning pipeline (PyTorch) was developed based on the U-Net architecture, 
which entails the mapping of fluvial landforms in analogous environmental contexts.

• Total dataset: 774 

• Training dataset: 541

• Test dataset: 233

• Epochs: 200






• Total dataset: 387 

• Training dataset: 270

• Test dataset: 117

• Epochs: 50
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