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6 Landsat5 1992-12-26 ™ 2 23 Landsat5 2010-12-28 ™ 3
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Dendrochronological Interpretation of Glacial Debris
Flow History in the Rema Gully, Xizang, China

XU Wenjun', MA Chao' , LYU Liqun', DU Cui’

(1. School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China;
2 School of Software Engineering, Chengdu University of Information Technology, Chengdu 610225, China)

Abstract; Dendrochronology, with its exceptional time-continuity and high-resolution characteristics, has been
widely applied in reconstructing geo-disaster histories. However, dendrochronology method has insufficiency in
parameterizing the characteristics of trees and their habitats in a specific area, which limits the applicability of
region-specific tree-ring analysis based on growth release/suppression mechanisms. The mid-Himalayas, a glaciated
debris flow-prone area, it lacked of studies on debris flow reconstruction using dendrochronology.

In this paper, it took the Rema Gully in the Gyirong Tsangpo River basin of the mid-Himalayas as the study
area. Through anatomical analysis of trauma features (resin duct density =12 per cm’) in 47 trees (mean age 82
+24 years) and dynamic optimization of growth disturbance thresholds using the precision of reconstructed debris
flow occurrence times (R = 0. 8), it developed an enhanced methodology for determining growth release/
suppression thresholds and calculating the Disaster Disturbance Index (W, ). This approach integrated tree scars,
callus tissues, and growth responses induced by debris flow disturbances with regional tree growth patterns to
reconstruct the Gully’s debris flow history, validated through remote sensing interpretation.

(1) The optimized thresholds significantly improved event identification accuracy to 87.6% (p <0.01), with
weak growth release/suppression threshold adjusted to 25% (original 40% ) and strong threshold to 54% (original
60% ). Remote sensing validation ( 1988 —2022) confirmed 10 debris flow events (1991, 1995, 1999, 2002,
2006, 2010, 2014, 2015, 2016, 2017 ) showing 91. 4% spatiotemporal consistency with field surveys,
demonstrating the method’s effectiveness.

(2) Two previously undocumented major historical events in 1943 and 1968 were reconstructed, extending the
disaster chronology to 75 years.

(3) Traditional thresholds underestimated approximately 40% of events, while the improved dual-threshold
(weak/strong) system achieved significantly higher identification accuracy ( Kappa coefficient =0. 82 ) , providing
novel methodological insights for glacial debris flow research.

The developed dendrochronological approach offers a robust technical framework for precise identification of

debris flows in glacierized regions, contributing substantially to improving disaster databases in the Himalayas.

Key words; dendrochronology; glacial debris flow; growth release/suppression; geo-disaster reconstruction; the

Rema gully
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