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Table 4 Primary selection results of the risk factors
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Table 5 Final selection results of risk factors
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Table 7 Comparison of screening results from three methods
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and after screening with three methods
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Two-stage Pearson correlation screening method for identifying risk
factors in long-distance pipelines during rainstorm disasters

HUANG Xing' , ZHOU Hongjiao®

(1 School of Economics and Management, Southwest Petroleum University, Chengdu 610500, China
g y g
(2 School of Civil Engineering and Geomatics, Southwest Petroleum University, Chengdu 610500, China)

Abstract: This paper proposes a two-stage Pearson correlation method to optimize the risk factor system for long-distance pipelines
during heavy rainfall. The objective is to eliminate both local and overall redundancy among candidate factors, resulting in a concise,
independent, and explanatory system. Initially, candidate risk factors were systematically identified by integrating disaster chain theory,
academic literature, pipeline safety standards, and accident investigation reports. In the first stage, a dual criterion that combines the
Pearson correlation coefficient with the coefficient of variation was used to eliminate local information redundancy among the candidate
risk factors. When the correlation coefficient between any two factors exceeded the predefined threshold, their coefficients of variation
were compared. The factor with the lower coefficient of variation was removed, while the other was retained for further comparison. This
iterative process continued until the correlation coefficients among all pairs of risk factors fell below the threshold, resulting in the
establishment of the initial risk factor system. In the second stage, the overall correlation after the removal of each factor and the
information redundancy contribution index for each factor were calculated. Based on the cumulative information contribution
requirement, factors that contributed significantly to overall redundancy were eliminated, leading to the construction of the final risk
factor system. The effectiveness of the proposed method was validated through both case evidence and algorithmic comparisons. A
typical disaster case of pipeline failure during heavy rainfall was employed to confirm the rationality and practical applicability of the
selected factors. Additionally, comparisons with K — medoids and K — means clustering demonstrated that the refined factor system
achieved an interpretation intensity index of 1. 033 and a cumulative information contribution rate of 89. 9% , significantly higher than
the results for K — medoids (1.007, 51.2% ) and K — means (1.057, 53.7% ). These findings indicate that the proposed method
effectively eliminates redundancy while preserving critical information. This approach provides a systematic and objective tool to support
the prediction and early warning of long-distance pipeline disasters under extreme rainfall conditions.

Key words: safety systematology; rainstorm disaster; long-distance pipeline; risk factors screening; two-stage Pearson correlation

method
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