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Abstract

This study focuses on the Xinhe section (K643~K753) of the G3012 Tuhe Expressway, characterized
by its complex terrain, aiming to quantitatively analyze the sensitivity of traffic accidents to meteoro-
logical factors and their underlying hazard mechanisms. Utilizing traffic accident records from 2020 to
2024 alongside high-spatiotemporal-resolution concurrent meteorological observations, the study
employs Pearson correlation analysis, PCA-K-Means clustering, and specialized weather attribution
statistics to deeply deconstruct the driving mechanisms of the meteorological environment on traffic
safety. The results indicate that traffic accidents in this region exhibit a pronounced seasonal pattern
with “double peaks in summer and winter” and daily variations characterized by “afternoon fatigue
and evening commuting”. Furthermore, significant spatial heterogeneity exists regarding the sensi-
tivity of different road sections to meteorological factors. Specifically, the K707 km mark on the Tuhe
uphill section is identified as a typical summer dry-hot and strong-wind sensitive type, where accident
frequency is significantly positively correlated with high temperatures and maximum wind speeds,
primarily driven by the coupling of strong crosswinds and high-temperature-induced fatigue. In con-
trast, the K675 km mark exhibits a typical winter ice-snow freezing sensitive type, showing a high
correlation with low temperatures and reduced visibility, reflecting the extreme hazard potential of
black ice and frost-fog conditions. Through clustering analysis, the study precisely identifies three key
hazard patterns: “winter low-temperature high-humidity,” “summer high-temperature strong-wind,”
and a “normal climatic background,” clearly demonstrating a bipolar separation of risks within the fea-
ture space. Based on these divergent meteorological sensitivity patterns, this paper proposes “road-
specific and situation-specific” hierarchical management strategies. By implementing differentiated
monitoring, early warning, and maintenance protocols, this research provides a scientific basis and
decision-making reference for enhancing traffic meteorological disaster prevention and mitigation
capabilities in complex terrains.
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Table 1. Meanings and units of meteorological elements
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Figure 1. Accident data statistics by section on tuhe expressway
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Figure 2. Temporal distribution characteristics of expressway traffic accidents
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Table 2. Characteristics of different stations and traffic accident sample statistics
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Figure 3. Correlation analysis between meteorological factors and traffic accidents at different stations
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Figure 4. Cluster analysis of traffic accidents based on meteorological characteristics
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