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ABSTRACT

Purpose: The trend of highway traffic accidents shows a repeating pattern of increase and decrease, with
the fatality rate being highest on highways among all road types. Therefore, there is a need to establish
improvement measures that reflect the situation within the country. Method: We conducted accident
severity analysis using Random Forest on data from accidents occurring on 10 specific routes with high
accident rates among national highways from 2019 to 2021. Factors influencing accident severity were
identified. Result: The analysis, conducted using the SHAP package to determine the top 10 variable
importance, revealed that among highway traffic accidents, the variables with a significant impact on
accident severity are the age of the perpetrator being between 20 and less than 39 years, the time period
being daytime (06:00-18:00), occurrence on weekends (Sat-Sun), seasons being summer and winter,
violation of traffic regulations (failure to comply with safe driving), road type being a tunnel, geometric
structure having a high number of lanes and a high speed limit. We identified a total of 10 independent
variables that showed a positive correlation with highway traffic accident severity. Conclusion: As
accidents on highways occur due to the complex interaction of various factors, predicting accidents
poses significant challenges. However, utilizing the results obtained from this study, there is a need for
in-depth analysis of the factors influencing the severity of highway traffic accidents. Efforts should be
made to establish efficient and rational response measures based on the findings of this research.

Keywords: Highway, Traffic Accidents, Accident Severity, Machine Learning, Random Forest,
Feature Importance
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6 Jungbu Expressway 593 57.3
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10 Seoul-Yangyang Expressway 394 71.1
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Table 2. Descriptive statistics table in 2019-2021

Variables Count Mean Standard Deviation
) Male 7,825 7.87 0.092
Driver gender
Female 1,271 7.30 0.175
under 19 105 7.02 3.954
) 20-39 3,099 7.71 7.869
Driver age range
40-59 4,049 7.81 7.652
over 60 1,843 7.95 8.539
) Daytime(06:00-18:00) 5,761 8.17 8.355
Time of day o
Nighttime(18:00-06:00) 3,335 7.15 6.942
Weekday 6,284 7.26 7.445
Day of Week
Weekend 2,812 8.98 8.663
Spring 2,209 7.79 6.930
Summer 2,318 7.74 7.376
Season
Fall 2,603 7.75 8.393
Winter 1,966 7.90 8.724
Sunny 7,924 7.717 7.926
Rainy 797 7.70 7.417
Weather Snow 65 7.77 7.399
Condition
Fog 11 8.64 7.047
Cloudy 284 8.44 8.137
Dry 5,390 7.99 8.377
Humid 684 7.88 7.935
Road surface Frost 16 8.19 10.913
condition
Snow 8 10.50 5.855
Etc. 5 6.40 7.733
Car 5,793 7.40 6.743
Van 504 14.09 17.519
) Truck 2,330 7.54 6.738
Vehicle Type . )
Special vehicle 332 6.54 5.289
Construction machinery 128 8.50 8.089
Other unknown 9 7.11 4314
160 KOSDI
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Table 2. Continue

Variables Count Mean Standard Deviation
Car to car 5,739 7.81 7.899
Accident type Car only 256 7.50 7.963
Car to pedestrian 101 7.27 5.948
Speeding to fast 101 10.72 7.812
Violation of intersection driving rules 2 21.0 0
Signal violation 209 6.37 6.526
o Inadequate safety distance 2,405 6.96 6.589
Violation type .
Failure to observe 5,864 822 8.460
Violation of the center line 59 7.83 4.658
Violation of traffic lane 293 5.90 5.838
Etc. 163 7.80 7.605
Intersection 42 5.52 4312
Overpass 16 7.12 6.365
Bridge 385 7.08 6.450
Road type
Underpass 203 9.78 10.290
Tunnel 325 10.07 8.876
Etc. 8,125 7.70 7.827
2 Lanes 3,202 8.60 8.123
3 Lanes 2,245 7.41 7.110
Number of lanes 4 Lanes 2,170 7.40 7.284
5 Lanes 1,236 7.92 9.551
6 Lanes 52 5.92 4.648
80km/h 114 8.36 6.005
Speed limit 100km/h 5,299 7.48 6.896
110km/h 3,492 8.29 9.268
Bt GA 22k 2] 739-8.60 0.2 A E o] A& g 22tE L AlofA o BAIRE AT A2 o] 2 e nx= Ao R
A AEE R ARG IE 100km/hollA] 5,299716] AR FEAS] 204 ARAL B 60%E AFAIR A o= LERE oLt
AL A et 80km/h D ) 8.36.22 7P ) LrERAT.

22 Go|E| M2
72 2}2.0] AL o Fig, 17F 2}, BEART A7} A4 So] BEAshA dhol] mhol] AL Hbg Al] 71434
o], E2 44, Wit olHS RS $90] Qs 49 48 ek 2 BRsls 497t EA (Kwon etal., 2021). e}
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Fig 1. Constructed data sample
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4475 rows = 47 columns

Fig. 3. Data sample utilizing StandardScaler technique
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Model MAE MSE RMSE R2 RMSLE MAPE  TT (Sec)
f Random Forest Regressor 4 2597 450194 GETES 01320 06173 038582 03540
lightgbm Light Gradient Boosting Machine 46313 50,3225 7.0435 0.1550 0.6405 083836  1.1670
gbr Gradient Boosting Regressor 48075 24.4204 7.3206 0.0877 06452 059353 0.3050
br Bayesian Ridge 48574 560309 74265 0.0664 06539 059435 0.0350
ridge Ridge Regression 45746 56.2573 T.4445 0.0606 0.6575 0.9434 0.0230
omp Orthogonal Matching Pursuit 4 5976 56.5055 74509 0.0512 0.6534 09543 0.0220
en Elastic MNet 49447 57.6769 7.5261 0.0451 0.6622 0.9763 0.0200
llar Lasso Least Angle Regressicn 49579 550690 7.5513 0.0385 06652 089828 00240
lasso Lasso Regression 49679 55.0690 7.5513 0.0333 0.6652 0.9828 0.0200
et Extra Trees Regressor 40915 59.1592 76512 -0.0415 0.6492 05151 02870
dummy  Dummy Regressar 5.0160 606534 7.71658 -0.0027 06744 09918 0.0140
huber Huber Regressor 44288 61.2037 7.74890 -0.0110 0.6196 0.6706 0.0670
knn K. Meighbars Regressor 50145 611660 7.7745 -0.0331 06837 059399 0.1060
dt Decision Tree Regressor 45504 TE.7264 57060 -0.3475 0.7247 0.8631 | 0.0320
par Passive Aggressive Regressor 7.3138 112.9857 10.5643 -0.9403 09535 14034 00310
ada AdaBoost Regressor 11.6414  163.6196 12.7696 -1.9254 11689  3.0033 0.2000
Ir Linear Regression 141.3988 29167374.7648 17144466 -366584.5136 06923 105615 0.0250
lar Least Angle Regression 3042158 1328443051455 36783185 16697122957 08933 234213 0.0310

Fig. 4. Results of model performance comparison using PyCaret
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Table 3. Random forest configuration hyper parameters

Division Value
n_estimators 200, 400, 600, 800, 1,000, 1,200, 1,400, 1,600, 1,800, 2,000
max_depth 1,3,5,7,9, 11, 12, None
min_samples_leaf 1,2,4
min_samples_split 2,5,10
bootstrap True, False
max_features auto, sqrt
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Table 4. Feature importance

Variables Feature Importance Variables Feature Importance
Driver Male 0 Car 0.15
gender Female 0.01 Van 043
under 19 0 Vehicle Truck 0.03
Driver 20-39 0.05 type Special vehicle 0.01
age range 40-59 0.04 Construction machinery 0
over 60 0.01 Other unknown 0
) Daytime(06:00-18:00) 0.11 Car to car 0
Time of day o Accident
Nighttime(18:00-06:00) 0.10 type Car only 0.01
Weekday 0.20 Car to pedestrian 0
Day of week ;
Weekend 0.26 Speeding to fast 0.02
Spring 0.01 Vlolatlop .Of intersection 0
driving rules
Season Summer 0.03 Signal violation 0
Fall 0.03 Vli)latlon Inadequate safety distance 0.06
e
Winter 0.06 P Failure to observe 0.14
Sunny 0.03 Violation of the center line 0
Rainy 0.01 Violation of traffic lane 0.01
Wea.t}.ler Snow 0 Etc. 0
condition
Fog 0 Intersection 0
Cloudy 0.03 Overpass 0
Dry 0.01 Bridge 0
Humid 0.02 I:;;: Underpass 0.02
Road surface Frost 0 Tunnel 0.04
condition
Snow 0 Etc. 0.02
Etc. 0 Number of Lanes 0.15
Speed limit 0.24
Geometric Average length of curve 012
structure radius ’
Longitudinal Slope 0.09
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Fig. 5. Feature importance results using the SHAP package
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