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BREAKOUT OF DEBRIS FLOW
AS A SELF-ORGANIZED CRITICAL PHENOMENON

Luo Dejun?  Ai Nanshan Li Hougiang
(Department of Physics, Sichuan Universily Chengdu 610041)

Abstract

A sandpile cellular-automata model which stems from the hypothesis of self-organized
criticality (SOC) suggested by Bak, Tang and Wiesenfeld is applied to development of debris
flow. The occurrence of debris flows, as a dissipative system ,should be involved into SOC. In a
sandpile grains of sand are added one by one. After some time, the sandpile will evolve to a
steady state in which its slope fluctuates around an average value. Once the sandpile is in this
state, the addition of a single grain of sand can trigger an avalanche (a occurrence of debris
flow) of any size. The distribution functions of the size and duration of those avalanches obey a
power law. On slopes of a debris flow gully supplied by abundant loosen accumulation,a break-
out of debris flow is like an avalanche in sandpile model. The occurrences of debris flow can be
described phenomenologically as the avalanche behavior.

According to the data of debris flows for 40 times recorded from 1982—1985 by the
Dongchuan Debris Flow Observation and Research Station, Chinese Academy of Sciences. a
power law of frequency and scale of debris flow occurrence was found to obey a formula,

lgN=8.6—1.051gQ,
in which X and @ are respectively the times (frequency) and mass (scale) of the breakouts of
debris flow. P. A. Johnson ef al. have disccussed the question of the power law of debris flow ,but
havn't mathematically proved. Statistical relationship between frequency and scale of debris flow
occurrences is firstly calculated, which shows the debris flow is actually a kind of self-organized
critical phiecnomena, because this power law is one of some manifestation of the self-organized

criticality.

Key words debris flow. self-organized criticality, power law
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