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Glacial cirques in the Kuhrang Basin, located in the Central Zagros Mountains,
serve as vital natural water reservoirs, contributing to hydrological sustainability
and offering valuable records for paleoclimate reconstruction. This study
investigates the spatial distribution and geomorphological characteristics of 55
cirques to evaluate their hydrological potential and paleoclimatic significance.
Data were derived from 1:50,000 topographic maps, Sentinel-2 imagery (2023),
and field surveys conducted between 2022 and 2024. Analytical methods
included descriptive statistics, kernel density estimation (KDE), KMeans spatial
clustering, and advanced data visualizations (heatmaps, violin plots) implemented
in Python. Snow cover was assessed using the Normalized Difference Snow
Index (NDSI), while the Wright and Porter methods estimated the Quaternary
snowline at 2,650-2,673 m. Results indicate that north-facing cirques (N, NE,
NW), with a mean elevation of ~3,000 m, function as key hydrological sources,
sustaining the Kuhrang River—an essential water supply for agriculture and local
communities. In contrast, south-facing cirques (S, SE) at lower elevations (2,149—
2,600 m) are more susceptible to climate-induced reductions in seasonal water
availability. The equilibrium-line altitude (ELA), calculated using the
Accumulation Area Ratio (AAR) method, was 3,609 m for east-facing and 3,680
m for west-facing cirques, reflecting regional climatic gradients. The 1,451 m
difference between the Quaternary (2,650 m) and current snowline (4,101 m)
suggests a paleotemperature approximately 8.71°C cooler than present. The study
highlights the need to prioritize conservation of high-elevation, north-facing
cirques and to implement adaptive water management strategies for more
vulnerable southern slopes. These findings provide critical insights for climate
change adaptation and sustainable water resource planning in the Zagros region.
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