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Abstract

The World Health Organization declared COVID-19 a pandemic due to its rapid spread and
global impact. Vaccines and treatments remain limited. Countries have prioritized non-
pharmaceutical measures such as quarantine and containment to reduce virus transmission.
COVID-19, which spreads predominantly in areas with high population density and mobility,
has led to societal changes that have impacted road safety. Transportation research on the
transmission of infectious diseases is actively conducted abroad, however, domestic research in
this area remains scarce. Therefore, the aim of this study was to verify the relationship between
the domestic COVID-19 pandemic and transportation. Then, time series prediction techniques
are employed to forecast traffic crashes. This study conducted a correlation analysis to establish
the link between the count of confirmed COVID-19 cases, transportation indicators reflecting
population movement, and the frequency of traffic crashes. Then, ARIMA, a statistical theory-
based technique, and LSTM, a heuristic approach, were employed as time series traffic crash
prediction methods. As a result of the analysis, the mean average percentage error of LSTM
was 15.08%, which showed that the prediction performance was superior to the statistical
theory-based technique. In addition, through SHAP, an explainable artificial intelligence
technique, it was confirmed that public transportation usage and highway truck traffic volume
have a positive impact on regional time series crash prediction. Based on the study findings, the
results can serve as a numeric benchmark to comprehend the influence of external elements,
including extremely contagious diseases, on road safety, anticipate traffic incidents, and put
into effect suitable safety measures in upcoming times.
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Step 1 Data collection MO Variables selection
| COVID-19 | ’ TAAS | ’ Correlation analysis
| Mobile data | ‘ Transit pass | Multicollinearity analysis
| Highway TG | ‘ Registered vehicle | _ 1
VIF =
1-R;
Data split by phase * VIF; : variance inflation factor
. Rjz : the coefficient of determination when x; is
Data preparation regressed on all other predictor variables
I I
Step 3 Prediction models
ARIMA LSTM
ht
ay, = 9®) Cen —=C G
B
»(® I &
« V:integrated processes  * B : backshift operator o] [c] (o]
« d :order of non-seasonal * 6 : MA parameter ey X he
difference © @:AR] t
* y :response variable & :random effect I
« t:time trend | XAI - SHAP |
Step 4 Model evaluation
1 % 5 v
Yi—y \ L —i)2 * n:number of samples
MAPE = —x Z A — RMSE = M + y; : actual value
N = Yi N * ¥ : predicted value

Figure 1. Research framework

1. ARIMA model

ARIMA(p, d, q) =22 oA $=3]7} njaf P22 o YL n]Fchs o|2L 7uto & 1= A4 " B
% Sholth(Box et al., 2015). ARIMAE= #718]7] R@(AR; Autoregressive model)7} 0] Hut &
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Moving Average)= A%t Bdolrt, TRF A|A D O] B/ d& Ast7] Sl w54 7+o] 2ol S ofn|oh= A
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2. LSTM model
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Table 1. Criteria for analysis period

Phase Period Description
Phase 1 1 week-29 week First infection—Social distancing level 2(2nd resurgence)
Phase 2 30 week—42 week Social distancing level 2-3rd resurgence
Phase 3 43 week-61 week 3rd resurgence—4th resurgence(= 500 daily infected cases)
Phase 4 62 week—96 week 4th resurgence—Appears Omicron variant
Phase 5 97 week—118 week Appears Omicron variant—Lifting social distancing
Phase 6 119 week—154 week Lifting social distancing —

2. Gloje 23 & &z

B oL COVID-19 7|7HEct Hisld wE A Ho| w2 wEAT 9 ¥z 2 49 =517 95
COVID-19 12} 4=, wF 9 /\]@ﬁlﬂ A Eﬂ o5& Aottt COVID-19 37} o= Al H9 2
a3 ﬂ]ﬂ—‘: tolelE el 2t H AT ES-19 Aol x| of| A £=stAtt. WEAL A A=

Sy cho| A 51 Q= WEALTEAAAR(TAAS; Traffic Accident Analysis System)ollA] 1Y @] 2 4=
& 01'93\0 o ARY, B 5 AL AT EE AR 7%0}‘:1' /9] o] 5 HolEl & S AIAL HHFY Hlo|HE 7]
Hro = 15 S92 A EH FA A & Tejole &-8& Fo] 2ol A $H5t3it o714, TlolE
2 2EQlo] AAFSI= BT & B P E2 308 o Htohs ol s QnlohH Telols- Elo] AAFst
£ Al Q] B AlEAE 304 o/ ot ol E i Qnletth TR, o] FA1e] |/ 9] o5t sffg Tt
/9] ol s 2ol Foll T/ o5 HekeS TEoIth A At 55+ TS PP G0 55H &
B2k, @4}, =, EAF 52 1Y ©9lE HAR dolH=z SAHANA 9ot Sl A7HEAEE
(KOSIS: Korean Statistical Information Service)oll A =5ttt thaus o] §F2 ol A d FolEHAE
3 oH= AW A8} 2|5HE & o] 8 o) WAYsH= o852 oJnlotH W 7tE Bl olE FEHEHA AR A 1Y
=2 OD(Ongm—Destmauon) glolH 2 Al Fsta Ut 834 Y-EF IEHFS VL2 EFo]|E(tollgate) -

]

U DEUE Pl TAELTA FTAIAZLN 10 U2 AT T254el AT 51k ke
2 9349 224 A5 Uehle F48 71202 F0 54 % 490 sk o8 FEsie. 2 47
o4 514 2 FloIell it 4] 83 71 S8 A Tables 2-30 AT, £ A7l £ ol
Bl WA B9 19, 17, 149 A= Aolstol A8 ﬂiw AAG % BAL S Slo) 19 99l
B dlelel S12 PRolsict 4 DR 19E Eabohs /9 o}, A S50l dolel Ao
7ot ol whEE 0.2 Yeisto] Hlojele] A AAS YA,

Table 2. List of variables

Variable Description
COVID-19_infected Number of daily covid-19 infected cases
Crash Number of daily traffic crashes
Crash_dead Number of daily fatal traffic crashes
Crash_injury Number of daily injury traffic crashes
Travel_in Number of weekly people traveling within the region
Travel_out Number of weekly people moving between the regions
Rate_of change_travel in Rate of change in travel in of the region compared to the previous week
Rate_of change_travel_out Rate of change in travel out of the region compared to the previous week
Regist_pv Number of monthly registered passenger vehicles
Regist_van Number of monthly registered vans
Regist_truck Number of monthly registered trucks
Regist_special_veh Number of monthly registered special vehicles
Regist_motorcycle Number of monthly registered motorcycles

[2], H 418 A 7%, 2023 12¢ 883
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Table 2. List of variables (continued)

Variable Description
Regist_total Number of monthly registered all vehicles
PT_OD_origin Number of daily public transit pass tag from the origin
PT_OD_dest Number of daily public transit pass tag from the destination
Enter_tg_truck Number of daily trucks through the tollgate entrance
Exit_tg_truck Number of daily trucks through the tollgate exit
Enter_tg_pv Number of daily passenger vehicles through the tollgate entrance
Exit_tg pv Number of daily passenger vehicles through the tollgate exit

Table 3. Descriptive statistics

Variable Mean SD. Max. Min.
COVID-19_infected 2,381.2 8,451.6 181,911.0 0.0
Crash 46.9 46.2 229.0 1.0
Crash_dead 04 0.8 8.0 0.0
Crash_injury 66.6 66.6 361.0 1.0
Travel in 6,290,847.7 5,601,525.1 18,949,896.0 1,572,852.0
Travel_out 3,084,875.2 2,905,230.7 10,686,996.0 534,531.0
Rate_of_change_travel_in -0.1 5.1 16.9 -18.2
Rate_of_change_travel_out -0.5 14.4 87.0 -50.8
Regist_pv 1,637,741.8 1,461,592.0 5,311,946.0 477,313.0
Regist_van 59,284.8 59,653.0 209,979.0 13,445.0
Regist_truck 242.345.7 232,363.6 847,730.0 70,810.0
Regist_special_veh 8,185.7 6,582.4 28,030.0 2503.0
Regist_motorcycle 1,947,558.0 1,757,107.6 6,378,632.0 566,595.0
Regist_total 169,611.8 155,774.9 459,002.0 35,569.0
PT_OD_origin 1,698,186.0 2,179,106.0 9,330,563.0 41,356.0
PT_OD_dest 1,503,256.3 2,210,975.4 9,196,781.0 9,391.0
Enter_tg_truck 20,344.5 35,551.7 143,147.0 65.0
Exit_tg_truck 328,156.0 500,015.5 1,939,223.0 7,117.0
Enter_tg_pv 20,478.1 36,618.6 147,250.0 56.0
Exit_tg pv 327,525.3 498,366.7 1,810,095.0 7,466.0

i
1z
!
i)

¥ Q78 Fof COVID-19 SHT 2 42 wislol th2 A <8 WAL AAD BAL 5] 919 2193
COVID-19 4 @3t IF 7 ATENT 5344 3L o) M58 ddskgnt. theozt dag s
£ 2402 Aol JI7h REATL AAD BAE 919] LSTMI} ARIMAS 2831940 LSTMS] 34 Egjwis
7 el S AL S Selst] 915 4B ST ABAS 149 SHAPS B8315ieh, upao.s BAje] g
T AT AAD % 2P 452 vl mshgict

1. COVID-19 24 B0 ME 2o WEATLL M4 2 LY

M

OVID-19

COVID-19 gt 9 i 23] W Stof| w2 W ALaLet wiE sfel 7he] 9] A 2998 C
St A3t A ' wE AL EAY A4 COVID-19 3317 5=, g 1% T2t 545 4= 50|15 SIst) ARt
A E2 7|7k o7t Dt M 2 A B e 4SSttt d i £ SHFS AEES] TS YEr
+ A8 F ofE 7 St ste] e vl 288 S8ttt 4 A AE, A7, JIHE 2ot S5
A AG B 2192 COVID-19 B4t 2715 €] Phase 3714 4 84t 71 71842 dd giFus =2
SAF 7 Aot oid A9 dFuEs F 5 o R U2 AlgEe] 8ot Xor UH HEoR
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Q15 721 ) it S} wedel Astolch, FAlol T E £ Bl ufet AL WA A4} BHeE0 2 7
4819tk $H, 6|22 Wo] Ho|2| A7t 545t Phase 5 RE Aol 4] 2 COVID-19 $312} 47} 714 %91
o7 ot A el 2 DR G Aot ALAHGE T2, WIS P12 LA Phase SN
COVID-19 312 57} F25] S7Hek Al7| el 27510 HhELE ol 471 SAFOR S7hehe AL A2
Ak AR B 27)ef o) WA B0l WS en A1 A5l AGTE Ut 3
2 4% 4 9lek. o2 B COVID-19 34 ko] whet A5 o] 54 wielo] wiatsti olof wre} w5 ohHel
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Figure 2. COVID-19 infection, traffic and road safety trend by region-phase
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Table 4. Variable selection by correlation analysis and variance inflation factor
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Figure 3. Average prediction accuracy by region
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Table 5. Result of time series crash prediction by region-phase
Model Period Seoul Gyeonggi Incheon Daejeon Busan
! MAPE RMSE MAPE RMSE MAPE RMSE MAPE RMSE MAPE RMSE
ARIMA Phase 1 11.765 14.803 13.922 19.533 17.422 4.673 24.871 4.743 19.055 6.977
Phase 2 12.501 15.502  11.727  23.488  15.880 5.693 16.871 5.199 16.259 8.508
Phase 3 11.422 10.557 14.070  23.655 28.620 5.774 13.241 3.298 15.187 5.969
Phase 4 8.066 9.307 9.952 26287 14.704 4.586 13.423 2.969 16.432 5.964
Phase 5 11.999 12.652 14.232 24906 20.176 4.380 17.220 3.967 19.631 6.707
Phase 6 19.413 24300 12.344 22.898 22.755 6.436 17.234 4.737 19.243 6.347
Average 12,528 14520 12708  23.461  19.926 5.257 17.143 4.152 17.635 6.745
ARIMAX Phase 1 10.270 12944 14479 24.148 15.109 4.267 30.090 5.449 23.267 7.839
Phase 2 8.553 10.895 27.854 55.111 13.516 4.734 17.359 4.283 16.991 7.532
Phase 3 9.492 9.708 9.691 17.199 33713 6.704 14.177 3.155 8.554 4.306
Phase 4 11.495 15.138 7520 22929  11.996 3.420 16.277 3.467 19.271 6.711
Phase 5 7.255 8.383 9.253 16749  18.256 4.224 17.560 3.675 16.506 6.369
Phase 6 20.905 24.017 14.194 25951  25.029 6.918 16.730 4.460 20.128 6.339
Average 11.328 13514 13.832  27.015 19.603 5.045 18.699 4.082 17.453 6.516
LSTM Phase 1  10.741 11.674  13.582  19.654  15.903 3.992 24.111 4.326 17.734 6.479
Phase 2 9.678  11.574 10.277 19.932 14424 5.364 15.520 4.997 15.408 7.957
Phase 3 10.831 11.930  13.317  20.349  26.469 5.090 11.551 2.653 12.978 5.410
Phase 4 7.366 9.398 7789 22548  12.537 3.536 15.691 3.484 15.161 6.275
Phase 5 11.540 15.169 14573 24.443  18.886 4.324 12.762 3471 18.620 6.950
Phase 6 18914 22.153 15135 25911 22.017 6.660 21.260 5.448 17.760 6.233
Average 11.512  13.650  12.446  22.140  18.373 4.828 16.816 4.063 16.277 6.551
3. 49 JHsB AIBSS BRE Y4 AT 24
2 AFolM= AY 7Heet dE A 7S E-8oto] 27T Bkl HlAgA E40] qlof sii4o] o3
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