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Prediction of potential risk paths in natural disaster network along

railway lines based on text mining
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(1. School of Civil Engineering and Transportation, Northeast Forestry University, Harbin 150040,

Heilongjiang, China; 2. Business College, Qingdao University, Qingdao 266071, Shandong, China)

Abstract: To reveal the chain propagation mechanism of natural disasters along railway lines,
quantify their threats to railway transportation safety, and analyze the risk evolution laws, a
prediction model for natural disaster risk paths along railway lines based on text mining and
complex networks was constructed. Based on the historical disaster text dataset along railway
lines, the text mining technology was improved; the bag-of-words model was optimized., and

combined with the keyword extraction method, core elements such as railway stations, disaster-
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causing factors, consequences, and severity levels in the disaster data were accurately extracted;
based on complex network theory, a heterogeneous network of railway disaster risks was
established, with keywords as nodes (3 types of entities) and co-occurrence semantic associations
in the same event as edges (6 types of relationships) ; a multi-path search algorithm was designed
to traverse the network topology, and the associated co-occurrence matrix was integrated to
quantify the risk transmission intensity between nodes, realizing the procedural mining of
multiple types of propagation paths. The analysis results show that the receiver operating
characteristic curve of the model is close to the upper left corner; the area under the curve is 0.
938; the accuracy reaches 94. 873%, and the F1 score is 0. 899; the risk transmission values
between node pairs are quantitatively output, and high-probability disaster chains are successfully
located as: Markam Station — heavy snowfall — Shangri-l.a Station — personnel disaster —
power equipment damage (risk value 0. 866), and Jomda Station — Gonjo Station —> severe
convective weather — casualties (risk value 0. 841). The obtained model constructs a disaster
semantic network driven by text, which can achieve the quantitative prediction of railway risk
paths and the identification of key transmission chains, accurately locate the high-incidence links
of secondary disasters, and provide support for the proactive risk prevention and control of
railways in complex environments.
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Table 1 Typical link prediction methods
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Table 2 Example of original data on some natural disasters along the plateau railway
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Fig. 2 Heterogeneous network of natural disasters along the plateau railway
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Table 4 AUC and accuracy of different methods in different path types

WIR7A B p-p cC S-S pP-C P-S C-S plERe R
AUC 0. 858 0. 886 0. 927 0.901 0.937 0. 904 0.928
CN HER R/ % 94,502 90. 323 89. 474 91. 223 88. 688 90. 226 93. 879
F1 4341 0.873 0. 875 0. 874 0. 841 0. 870 0. 879 0. 892
AUC 0. 829 0. 867 0. 859 0. 845 0.936 0. 904 0. 906
PA WM R/ % 97. 608 87.097 91.729 89. 096 89. 465 86. 466 93.692
F1 4%k 0.837 0. 843 0. 849 0. 820 0. 833 0.871 0. 880
AUC 0. 870 0. 780 0.903 0. 894 0. 850 0. 906 0. 839
jC HEMR R/ % 97.032 90. 323 90. 977 91.755 91. 144 87.218 94. 397
F1 43%K 0. 860 0. 864 0. 875 0. 863 0. 825 0. 854 0. 884
AUC 0. 835 0. 869 0. 866 0. 839 0. 891 0. 899 0. 859
ACT e/ % 97. 493 90. 323 87.218 92. 420 89. 399 87.218 93.317
F1 4%k 0. 852 0. 845 0. 865 0. 880 0. 888 0. 865 0. 890
AUC 0.823 0. 853 0. 833 0. 859 0. 835 0. 835 0.792
MF HER 2/ % 97.562 83. 871 80. 451 88.697 88.623 88. 948 93.692
F1 43%k 0. 869 0. 834 0. 870 0. 849 0. 853 0. 878 0. 881
AUC 0. 866 0. 881 0. 865 0. 851 0. 930 0. 854 0. 891
RW HER R/ % 94. 430 87.097 85.714 88.963 90. 109 86. 466 93. 042
F1 4%k 0. 891 0. 853 0. 893 0.892 0. 850 0. 889 0. 886
AUC 0. 894 0. 893 0.923 0. 887 0. 900 0. 904 0. 859
Node2Vec W/ % 97.125 90. 323 87.970 88. 564 90. 045 88.722 93. 821
F1 4%k 0. 885 0. 891 0. 880 0.874 0. 900 0. 880 0. 896
AUC 0. 830 0. 848 0. 881 0. 826 0. 887 0. 842 0. 843
GraphSAGE | #i#i%/% 96. 940 87.419 82.707 87.766 88.559 90. 451 93.184
F1 4%k 0. 892 0. 866 0. 866 0.882 0. 882 0. 874 0. 894
AUC 0. 898 0. 875 0. 929 0. 888 0. 905 0.915 0. 875
GCN w2/ % 97.976 93. 545 90. 226 91.755 90. 304 87.970 94.196
F1 4%k 0. 861 0. 863 0. 889 0. 884 0. 901 0. 891 0. 891
AUC 0. 909 0.918 0. 942 0.928 0.968 0.943 0.938
PRP HEHER/ % 97. 884 93.548 89. 474 90. 957 89.528 90. 977 94. 873
F1 434k 0. 896 0. 889 0. 885 0.897 0. 899 0. 897 0. 899
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Table 5 The t-test results of PRP model compared with other methods

X b T B2 LGt PAH 950 E 1% X [f] 25k
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PRP-MF 0.063 0 129.819 1 <0. 001 [0.062 0,0.063 9] 2Nl
PRP-RW 0.233 1 67.683 0 <0.001 [0.226 3,0.239 8] B E AR
PRP-Node2Vec —0.004 4 —14.200 8 <C0. 001 [—0.0050,—0.003 8] i Nl
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PRP-GCN 0.115 7 62.523 8 <0. 001 [0.112 1,0.119 3] LY Nl
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Fig. 6 Box plot and data point overlay for t-test of PRP model and other comparative methods
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Fig. 7 Visualization of PRP model for predicting natural

disaster risk paths along the plateau railway
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Table 6 Prediction results of different path types
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Fig. 8 Visual of risk transmission path
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Table 7 Quantitative analysis of risk transmission process
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