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Fig. 1 Procedure and uncertainty sources of statistical model for debris flow forecast
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Fig.2 Identification of debris flow initiation time
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Fig.3 Topographic map and locations of monitoring stations in the Jiangjia gully, China
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Uncertainty and Optimization of Statistical Model
for Rainfall-Triggered Debris Flow Forecast

ZHANG Siling'*, GUO Xiaojun' , LI Yong'

(1. Key Laboratory of Mountain Hazards and Surface Process, Chengdu Institute of Mountain Hazards and
Environment, Chinese Academy of Sciences & Ministry of Water Resources, Chengdu 610213, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract; Conventional debris flow forecasting primarily relies on statistical correlations between precipitation and
disaster events to determine rainfall thresholds. However, such methods suffer from inherent uncertainties arising
from heterogeneous data sources, model construction, and analytical processes, compromising the reliability of
forecasting results.

In this study, it systematically dissected the uncertainty propagation mechanisms within statistical model-based
debris flow anticipation frameworks. Using a small watershed equipped with a high-precision monitoring network as
a case study, it quantitatively evaluated the cumulative effects of uncertainties across the entire workflow, including
data acquisition and processing, model parameterization, threshold derivation, and result validation. Key findings
include as below.

(1) During data preprocessing, spatial representativeness discrepancies among rainfall observation stations
(error amplification factor of 1.2, average rainfall fluctuations +35% ), rainfall event segmentation criteria ( error
amplification factor of 4. 1, critical rainfall deviations of 20% — 35% ), and biases in determining debris flow
initiation time ( error amplification factor of 4.7, time window errors causing 62% threshold failure rate )
collectively made cascading amplification in calculating average rainfall intensity.

(2) During model parameterization, the maximum-to-minimum threshold precipitation ratios for the Intensity-
Duration (/-D) model reached 7.0 (6 h rainfall durations) and 8.1 (24 h rainfall durations) , while corresponding
ratios for the Event-Duration-Antecedent rainfall ( E-D-R,) model were 3.4 (6 h rainfall durations) and 2.8 (24 h
rainfall durations). This demonstrates significant uncertainty amplification in statistical forecasting resulting from
subjective modeling decisions and inherent environmental stochasticity.

Building on error source tracing, this study develops a three-pillar uncertainty mitigation framework: (1) data
source optimization, (2) parameter sensitivity control, and (3) model refinement. The integrated approach
establishes theoretical foundations for advanced debris flow forecasting systems that synthesize physical mechanisms

with statistical patterns, enhancing early warning reliability.

Key words: debris flow; uncertainty ; rainfall threshold
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