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Reconstructing and analyzing avalanche events of 1991 and 2019
in Meili Snow Mountain

DUAN Shimei'?, LIU Shiyin'?, ZHU Yu'?, MIAO Wenfei'”,
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(1. Institute of International Rivers and Eco-Security, Yunnan University, Kunming 650500, China; 2. Yunnan Key Laboratory of

International Rivers and Transboundary Eco-security, Kunming 650500, China)

Abstract: Snow avalanche refers to the phenomenon that the cohesion of the snow inside the slope is less than
the gravity, and the friction force at the bottom is less than the shear stress, which makes it unstable slide and
cause a large number of snow bodies to fall. Avalanches occur at uncertain times and can be extremely destruc-
tive when they destroy trees, sweep away roads and bridges, and destroy important infrastructure such as com-
munications and electricity. Large-scale avalanches can also cause debris flow, landslides and other secondary
disasters. The damage caused by an avalanche is incalculable and avalanches have seriously affected human pro-
ductive activities and destroyed the natural environment. Therefore, snow avalanches are regarded as a serious
natural disaster. Meili Snow Mountain is located in the monsoon maritime climate zone. Due to the difficult nat-
ural environment and lack of meteorological stations, there are few studies on snow avalanches, especially the
necessary understanding of the reconstruction of the avalanche process. On January 3, 1991, 17 members of a
Sino-Japanese mountaineering team were killed in an avalanche disaster at Meili Snow Mountain. On February
16, 2019, our field observation equipment recorded a large avalanche near the Mingyong glacier in Meili Snow
Mountain. The avalanche generated a wave of air and destroyed the weather station at the end of the glacier. The
trees in the path of the avalanche body were destroyed and the surrounding ecology suffered serious damage. To
date, no detailed study of the avalanche process has been published. Only a good understanding and grasp of his-
torical avalanche events can effectively avoid risks. Through the analysis of the two events, it is found that they
belong to different avalanche types, which has a good indication for us to analyze the formation mechanism of
avalanche, forecast and early warning. In this study, RAMMS (Rapid Mass Movement System) model was
used as the main method. Firstly, the empirical values and empirical formulas were used to determine the ava-
lanche fracture depth of the two avalanche events, and then the friction coefficient was determined by referring
to the literature and model manual. On this basis, the two different avalanche disasters were reconstructed.
Quantitative analysis of avalanche accumulation, range and maximum speed, et al. The simulation results show
that: (1) In 1991, the avalanche lasted for 192 s. The avalanche broke at an altitude of 5 730 m, collapsed
along the slope and finally accumulated in the flat area of 5 000 m above sea level, forming an accumulation
body with an area of 0. 6 km® and a volume of 67x10* m’. The maximum height of the accumulation body was
13.46 m. The team’s camp 3 was completely submerged by the avalanche. The numerical simulation results
show that the maximum height and velocity of avalanche flow are 16. 98 m and 42.22 m-s™, respectively. (2)
In 2019, the avalanche lasted for 158 s, the maximum height of avalanche flow was 35. 91m, the maximum ve-
locity was 79. 34 m-s™, and the accumulation volume was 76. 2x10* m®. The range of avalanche accumulation
was consistent with that observed in the field. (3) The two avalanche events occurred in the extremely high risk
area of avalanche and high risk area, which verifies the accuracy of risk assessment to a certain extent. Field ob-

servation of snow properties and meteorological conditions can determine the cause and type of avalanches,
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while numerical simulation can analyze and reproduce avalanche dynamics. Based on the observed avalanche ac-
cumulation range, the numerical model can give quantitative results such as avalanche path, accumulation
amount and movement speed through parameter calibration. On this basis, combined with the avalanche hazard
zoning map and the overlay of the actual weather process, the avalanche disaster can be predicted at fixed points
and the early warning information can be issued. Therefore, the RAMMS model is an effective tool for snow av-
alanche modeling and prediction, which can perform avalanche process reconstruction and hazard zoning well.

Key words: Meili Snow Mountain; avalanche reconstruction; RAMMS model; numerical analysis
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