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Abstract: We constructed a random thresholds random parameters hierarchical ordered probit model
(RTRPHORPIT) to analyze the temporal stability and potential unobserved heterogeneity of factors in-
fluencing the severity of bus crashes. Using bus crash data between 2016 and 2019, we analyzed the
potential impact of driver characteristics, road environment characteristics, and crash characteristic
variables on fatal, serious, and slight injuries. We constructed two RTRPHOPIT over different peri-
ods to analyze the randomness of model coefficients and thresholds and compared the marginal ef-
fects of the model variables. We based this analysis on the likelihood ratio test’ s assessment of the
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temporal stability of the influencing factors. The results show that by allowing thresholds and param-
eters to have randomness that vary in different observations, the RTRPHOPIT model can effectively
capture the unobserved heterogeneity and reveal the characteristics of factors affecting bus crash se-
verity. Besides, the factors that affect bus crash severity have apparent temporal instability. The mod-
el thresholds for different periods are randomly distributed. The random parameters and the explana-
tory variables that affect threshold values are inconsistent. Specifically, side-impact crashes and ur-
ban road variables will increase the threshold value of the model. The variables, including round-
abouts, multi-vehicle crashes, parking process crashes, and morning crashes, are the random parame-
ters of the model. The marginal effect of the 2016-2017 model shows that some variables (e.qg., rural
drivers, night-without-light roads, wet slippery roads, fine-day crashes, side-impact crashes, and
front-impact crashes) will increase the likelihood of serious injury crashes. Similarly, other variables
in the 2018-2019 model (e.g., male drivers, major roads, bus lanes, night-light roads, rollover acci-
dents, and front-impact crashes) will increase this possibility. Therefore, when formulating bus safety
policies, authorities must carefully consider the temporal instability of the factors affecting the severi-
ty of the bus crash, and pay considerable attention to the heterogeneity of model variables at the
same time.

Key words: urban traffic; crash severity; random thresholds random parameters hierarchical ordered

probit model (RTRPHOPIT); bus crash; temporal stability
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