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Predictive Analysis of Traffic Accidents caused by Negligence
of Safe Driving in Elderly using Seasonal ARIMA
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Even though cars have a good effect on modern society, traffic accidents do not. There are traffic laws that define the regulations
and aim to reduce accidents from happening; nevertheless, it is hard to determine all accident causes such as road and traffic
conditions, and human related factors. If a traffic accident occurs, the traffic law classifies it as ‘Negligence of Safe Driving’ for
cases that are not defined by specific regulations. Meanwhile, as Korea is already growing rapidly elderly population with more
than 65 years, so are the number of traffic accidents caused by this group. Therefore, we studied predictive and comparative analysis
of the number of traffic accidents caused by ‘Negligence of Safe Driving’ by dividing it into two groups : All-ages and Elderly.

In this paper, we used empirical monthly data from 2007 to 2015 collected by TAAS (Traffic Accident Analysis System),
identified the most suitable ARIMA forecasting model by using the four steps of the Box-Jenkins method : Identification, Estimation,
Diagnostics, Forecasting. The results of this study indicate that ARIMA (1, 1, 0)(0, 1, 1)1, is the most suitable forecasting model
in the group of All-ages; and ARIMA (0, 1, 1)(0, 1, 1)12 is the most suitable in the group of Elderly. Then, with this fitted model,
we forecasted the number of traffic accidents for 2 years of both groups. There is no large fluctuation in the group of All-ages,
but the group of Elderly shows a gradual increase trend. Finally, we compared two groups in terms of the forecast, suggested
a countermeasure plan to reduce traffic accidents for both groups.

Keywords : Traffic Accidents, Elderly, Negligence of Safe Driving, ARIMA, Box-Jenkins Method
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Time Series Plot of LN D1 (All ages)
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<Figure 13> ACF & PACF for Traffic Accidents with 1 Order
of Seasonal Difference and Difference in Elderly
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<Table 1> BIC of Models in All ages

Model BIC R-Square
ARIMA(1,1,0)(0,1,1)12 12,114 0.835
ARIMA(0,1,1)(0,1,1)1 12,075 0.841

*BIC : Bayesian Information Criteria.
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<Table 2> BIC of Models in Elderly

Model BIC R-Square
ARIMA(3,1,0)(0,1,1)12 7,771 0.961
ARIMA(0,1,1)(0,1,1)12 7,627 0.962

'BIC : Bayesian Information Criteria.
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<Table 3> Result of Model Estimation in All ages

Type Order | Coefficient SE T P
AR 1 -0.4196 0.0952 -4.41 0.000
SMA 12 0.8532 0.0801 10.66 0.000

"SMA : Seasonal Moving-Average.
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{Table 4> Result of Model Estimation in Elderly

Type Order | Coefficient SE T P
MA 1 0.7574 0.0644 11.76 0.000
SMA 12 0.8518 0.0826 10.32 0.000

"SMA : Seasonal Moving-Average.
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<Table 5> Q-Statistics of Residuals in All ages

<Table 6> Q-Statistics of Residuals in Elderly

Ljung-Box Q-Test Ljung-Box Q-Test
Lag ACF LBQ P Lag ACF 1BQ P
1 -0.0326 0.10 0.752 1 0.0730 0.522 0.399
2 -0.1039 1.17 0.557 2 0.0023 0.523 0.770
3 -0.1554 3.59 0.309 3 -0.0327 0.630 0.890
4 -0.0684 4.07 0.397 4 0.0924 1.494 0.828
5 0.0956 5.00 0.416 5 -0.0664 1.945 0.857
6 -0.0981 6.00 0.423 6 -0.0277 2.025 0.917
7 -0.0747 6.58 0.474 7 -0.1991 6.175 0.519
8 -0.0296 6.68 0.572 8 0.1689 9.195 0.326
9 0.0150 6.70 0.668 9 0.0349 9.326 0.408
10 0.0891 7.56 0.672 10 0.1192 10.868 0.368
11 -0.0137 7.58 0.750 11 -0.1208 12.470 0.329
12 -0.0529 7.89 0.794 12 -0.0397 12.644 0.395
13 -0.0054 7.89 0.851 13 -0.0211 12.695 0.472
14 0.1089 9.24 0.815 14 0.1636 15.740 0.330
15 0.0314 9.36 0.858 15 -0.0915 16.704 0.337
16 0.1236 11.14 0.801 16 0.0328 16.830 0.397
17 -0.1380 13.39 0.710 17 -0.1219 18.587 0.353
18 0.0883 14.32 0.708 18 0.0621 19.048 0.389
19 -0.0984 15.5 0.690 19 -0.0729 19.691 0.413
20 -0.0154 15.53 0.745 20 -0.1191 21.433 0.372
21 -0.0472 15.8 0.781 21 -0.0558 21.821 0.410
22 -0.1657 19.27 0.629 22 0.1584 24988 0.298
23 0.0333 19.41 0.677 23 0.0426 25.221 0.339
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<Table 7> Model MAPE of both Two Groups

Group Model MAE MAPE
ARIMA(2,0,0)(1,1,0)12 455.60 3.96%

All ages ARIMA(1,1,0)(0,1,1)1, 227.95 2.03%
ARIMA(0,1,1)(0,1,1)12 236.46 2.10%
ARIMA(2,1,0)(1,1,0)12 61.78 6.00%
ARIMA(0,1,2)(1,1,0)12 56.68 5.52%

Elderly
ARIMA(3,1,0)(0,1,1)12 48.72 4.67%
ARIMA(0,1,1)(0,1,1)1 51.40 4.96%
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<Figure 22> Forecast Plot of 2015’s Traffic Accidents in
All ages
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<Table 8> Summary Results
Group Model Parameters
Al #,(B(1-B")(1-B)Z ¢, = —0.4196
ages = 0,(B), 0, = 0.8532
Flderl (1-B%(1-DZ 0, = 0.7574
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<Table 9> Forecast Table of 2017’s Traffic Accidents both
All ages and Elderly

All ages Elderly

Date | Lower Fore Upper | Lower Fore Upper
Limits | —casts | Limits | Limits | —casts | Limits

01 8168 9754 11648 837 975 1136
02 7361 8859 10660 813 950 1110
03 8939 10841 13148 1000 1172 1374
04 9276 11333 13847 1113 1309 1539
05 9946 12238 15059 1282 1511 1783
06 9222 11426 14156 1152 1363 1612
07 9508 11859 14792 1173 1392 1651
08 9327 11709 14700 1212 1442 1716
09 9387 11859 14982 1283 1530 1826
10 9923 12614 16033 1415 1693 2026
11 9448 12081 15449 1264 1517 1820
12 8855 11389 14649 1021 1229 1479
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