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Abstract

Background and Objective: The Dashtiari region in southeastern Iran is characterized by extensive
surface gullies, which remain largely unmonitored and have caused significant damage to villages and
infrastructure. This study aims to develop a methodology for automatically extracting gully patterns
using high-resolution UAV-derived digital elevation models (DEMs) and a combination of
morphometric indices. The focus is on evaluating the effectiveness of these indices in improving gully
pattern recognition, a task that requires detailed information and complex modeling processes
typically inaccessible to non-experts.

Materials and Methods: We employed simple morphometric indices, including the Valley Depth
Index (VD), Topographic Position Index (TPI), Positive Openness Index (PO), Red Relief Image Map
(RRIM), elevation, slope degree, and the PO-DEM combination, to extract gully patterns. The
automatically extracted gully patterns were compared with ground-truth samples to assess spatial
correlation. Additionally, the performance of these indices was compared with that of classification
tree (CT) models, a robust machine learning technique, using the same morphometric indices.
Findings: The performance of pattern extraction techniques was evaluated using four accuracy
metrics: Accuracy Index, True Skill Statistic (TSS), Cohen's Kappa, and Matthews Correlation
Coefficient (MCC). The results indicated that individual indices such as PO, TPI, and RRIM were
insufficient to reliably delineate gully patterns. However, the PO-DEM combined index provided a
better classification of gully presence and absence. The CT model, considering all four criteria,
demonstrated superior performance in terms of adaptability and predictive powe

Discussion and Counclusion: The findings suggest that while individual morphometric indices have
limited utility in accurate gully pattern recognition, combining indices, particularly PO-DEM,
enhances classification reliability. The CT model's superior performance underscores the potential of
machine learning techniques in geospatial analysis. Moreover, the time efficiency of automated
techniques compared to manual delineation highlights the practical benefits of integrating UAV
imagery and advanced modeling approaches in erosion monitoring and management.

Keywords: Gully erosion, morphometric indices, machine learning, classification tree, spatial
analysis.
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Figure 1.The study area
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Figure 2. Three parcels of Dashtiari watersheds, collected by UAV in May 2018
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Table 1. The morphometric indices used and their relationship with the phenomenon of hydrostatic erosion
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