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Fig 1. Crash frequency by time of the day
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Noon Sunset Night Morning
Variables and description (10:00-15:00) (15:00-19:00) (19:00-6:00) (6:00-10:00)
mean Std.dev. _mean Std.dev. mean Std.dev. mean Std.dev
Injury severity
Fatal (1 if true; otherwise 0) 0.036 0.032 0.035 0.029
Injury (1 if true; otherwise 0) 0.124 0.15 0.156 0.122
Property Damage Only (1 if true; otherwise 0)  0.839 0.818 0.808 0.848
Driver info
Distraction (1 if true; otherwise 0) 0179 0383 0.186 0389 0.189 0391 0.181 0.385
Road condition
Level terrain (1 if true; otherwise 0) 0.993 0.077 0.992 0.089 0.994 0.075 0.988 0.108
Mountainous terrain (1 if true; otherwise 0) 0.002 0.045 0.002 0.044 0.004 0.065 0.011 0.108
Crash location (1 if on roadway; otherwise 0) 0.90 0299 0874 0331 0873 0.331 0.727 0.452
Crash location (1 if near Ghazvin; otherwise 0) 0.810 0.391 0.846 0360 0.790 0.406 0.830 0.375
Crash location (1 if near Kuhin; otherwise 0) 0810 0391 0846 0360 0.789 0.407 0.830 0.375
Divided road (1 if true; otherwise 0) 0.802 0398 0.798 0401 0.793 0.404 0.815 0.387
Road marking (1 if broken line; otherwise 0) 0.702 0457 0.656 0475 0.664 0.472 0.645 0.478
Non-residential land use (1 if true; otherwise 0) 0.792  0.405 0.77 0420 0.762 0425 0.773 0.418
Straight road (1 if true; otherwise 0) 0.857 0349 0844 0362 0.828 0.806 0.806 0.395
Curve road (1 if true; otherwise 0) 0.142 0349 0.156 0362 0.171 0.193 0.193 0.395
Environmental factors
Sunny weather (1 if true; otherwise 0) 0839 0374 0812 0390 0.813 0.389 0.809 0.392
Snowy weather (1 if true; otherwise 0) 0.052 0.223 0.086 0.280 0.065 0.248 0.053 0.225
Road surface (1 if dry; otherwise 0) 0.841  0.365 0.83 0375 0.830 0.374 0.818 0.385
Road surface (1 if icy and snowy; otherwise 0) 0.050 0.219 0.064 0.244 0.045 0.209 0.086 0.280
Collision info
Fixed-object collision (1 if true; otherwise 0) 0.397 0.489 0.262 0480 0.345 0475 0473 0.499
Collision with a vehicle (1 if true; otherwise 0) 0.309 0.457 0324 0446 0328 0469 0.247 0431
Collisions with animals (1 if true; otherwise 0) 0.010  0.100 0.016 0.125 0.011 0.106 0.011 0.108
Roadway departure (1 if true; otherwise 0) 0.078 0.268 0.086 0.280 0.067 0.250 0.065 0.247
Vehicle rollover (1 if true; otherwise 0) 0.134 0341 0.154 0360 0.166 0.372 0.175 0.380
Head-on (1 if true; otherwise 0) 0.134 0.361 0.15 0.367 0.140 0.247 0.163 0.369
Rear-end (1 if true; otherwise 0) 0.167 0372 0.176 0380 0.174 0379 0.127 0.334

Table 1. Statistical analysis of the input and output variables of the proposed method to separate day and night time periods on the studied road
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Noon  10144/83 (df=16) 93/62 (df=22) 6174/93 (df=19) 0
Sunset 292/38 (df=16)  19/04 (df=22) 0 22/03 (df=21)
Night 4459/65 (df=16) 0 3063/10 (df=19) 36/18 (df=21)

Morning  4459/5 (df=16)  26/17 (df=22)  238/58 (df=19)  21/06 (df=21)

Table 2. Transferability test comparing the four models
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Variable Coefficient

Std.Error

Marginal effects

Z-value

PDO Injury Fatal
Level terrain 5.781736 191.4746 0.03 -1.00307  0.66685 0.336216
Mountainous terrain 2.636185  432.5434 0.01 -0.45735  0.30405 0.153298
Roadway crash location -0.87517 0.222969 -3.93  0.151832 -0.10094 -0.05089
Ghazvin crash location 0.085518 0.221208 0.39 -0.01484 0.009863 0.004973
Divided road -0.23755 0.213824 -1.11  0.041211  -0.0274  -0.01381
Broken line marking 0.101561 0.229517 0.44 -0.01762 0.011714 0.005906
Non-residential land use 0.088319 0.307861 0.29 -0.01532  0.010187 0.005136
Sunny weather -0.22352 0.367139 -0.61  0.038778 -0.02578  -0.013
Snowy weather 1.741827 0.794918 2.19 -0.30219  0.200898  0.10129
Dry road surface -0.03261 0.388817 -0.08  0.005657 -0.00376 -0.0019
Icy and snowy road surface -1.77013 0.826067 -2.14  0.307098 -0.20416 -0.10294
Driver distraction 1.326082 0.179487 7.39 -0.23006  0.152947 0.077113
Straight road 0.264018 0.244417 1.08 -0.0458  0.030451 0.015353
Fixed-object collision -0.57891 0.293078 -1.98  0.100435 -0.06677 -0.03366
Collision with a vehicle -0.49095 0.299237 -1.64  0.085173 -0.05662 -0.02855
Collisions with animals -4.32189 169.0745 -0.03  0.749798 -0.49847 -0.25132
Roadway departure -0.13782 0.35872 -0.38  0.023911  -0.0159  -0.00801
Vehicle rollover -0.38519 0.328679 -1.17  0.066825 -0.04443  -0.0224
Head-on collision -0.06072 0.331216 -0.18  0.010535  -0.007 -0.00353
Rear-end collision -0.53636 0.29619 -1.81  0.093052 -0.06186 -0.03119
Model statistics
I 5.954704 191.4753
Uy 7.026608 191.4754
Log likelihood at convergence -196.169
Log likelihood ratio index (p2) 0.2426
Number of observations 491

Table 3. The results of crash severity modeling by ordered probit method at noon (10:00 to 15:00)
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Abstract

According to the World Health Organization report, Iran ranks 113th out of 175 countries with an estimated rate of 20.5
deaths per 100,000 population due to crashes. Additionally, road crash injuries are considered one of the top five leading
causes of mortality in the country. Due to the efficiency of intelligent methods, statistical models have attracted a lot of
attention in safety studies and crash analysis. Investigations show that few studies have been done regarding the specific effects
of time periods of the day on the crash severity. Moreover, in most conducted researches for modeling crash severity, statistical
models have been utilized, and determining the relationships between severity and influential factors with these models is
challenging due to the complex relationships between variables that vary in different time intervals throughout the day. In
recent studies, road lighting conditions have been considered as an important parameter in the frequency and severity of
driving crashes. The lighting conditions, especially on rural roads, depend on various factors such as drivers' visibility to
perceive road geometry, traffic, and roadside objects. The variables considered for analyzing crash severity include human

factors, weather conditions, primary causes of crashes, intersection control, land use, lighting conditions, location of crash,
time of crash (day, month, year, and hour), type and condition of road surface, road markings, road repairs, collision type, and
road geometry. Therefore, the purpose of this research, while considering the interpretability of the Ordered Probit algorithm,
is to investigate the effect of the conditions of different times of the day and night on the crash severity with six years data of
Lushan-Qazvin rural freeway crahses. The Ordered Probit algorithm was implemented and evaluated separately in four time
periods to predict the effects of various geometric, environmental and traffic factors on the severity of damage caused by
crashes and the likelihood ratio test was used to justify the models. The results obtained from the research not only contribute
to predicting preventive measures for crashes but also aid in reducing their severity and analyzing the relationships between
various factors. One of the stages in conducting research on crash injuries involves identifying important factors affecting the
severity of injuries. The estimation results indicate that the levels of crash severity in different time intervals are associated
with various factors in different ways, and these differences cannot be discovered by estimating only one general model. The
present study has shown that by interpreting machine learning algorithms, useful patterns can be extracted from a large volume
of crash data and analyze crash severity. The ordinal probit algorithm is one of the powerful tools for modeling crash severity,
which can demonstrate the complex relationship between input variables and crash severity by providing statistics such as z-
test and marginal effect in the model output. The analysis results indicate that driver distraction during the morning, noon,
evening, and night periods, with coefficients of 1.33, 1.21, 1.25, and 0.98 respectively, is the most significant factor
contributing to the increased crashes severity on the studied road. Conversely, collisions with fixed objects during the same
periods, with coefficients of -0.58, -1.83, -1.24, and -0.75 respectively, have an inverse relationship with the crashes severity.

Keywords: road safety, crash severity, ordered probit, likelihood ratio test, statistical analysis.
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