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Abstract

This study analyzed the association between the social distancing policy for COVID-19
implemented in South Korea and traffic accidents. For this, traffic accident data and social
distancing data in Gyeonggi Province for the past 10 years (2013-2022) were collected, and the
predicted traffic accident counts by four time series models were compared with the actual
accident counts. As a result of the study, during the COVID-19 period, the population movement
decreased by 10%, while the total traffic accidents decreased by an average of 7%. Based on
2020, by vehicle type, passenger car traffic volume decreased by 1.7%, while traffic accidents
decreased by 15.5%, bus traffic volume decreased by 44.6%, while HOV traffic accidents
decreased by 44.4%. Trucks increased traffic volume by 3.0%, while traffic accidents decreased
by 6.2%, and motorcycles decreased the number of two-wheeled vehicle registrations by 2.3%,
while traffic accidents only decreased by 1.6%. In addition, the decrease in traffic accidents in
2020, the first year of social distancing, was twice as high as in 2021, and the intensity of social
distancing and the decrease in traffic accidents of general vehicles were proportional, but not
for trucks and motorcycles. As a result of the research, it was possible to understand the
changes in the lifestyle of Korean society, such as the rapid decrease in group travel due to
COVID-19, the expansion of non-face-to-face transactions and delivery culture. This study is
expected to contribute to the establishment of pandemic policies by policy makers and
practitioners in future pandemic situations, and will also be helpful to researchers of time series
analysis of traffic accidents. Future studies are deemed necessary for the utilization of urban
travel speed data, analysis of the severity and types of traffic accidents, and the relationship
between traffic volume and accident counts.
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Introduction

201941 129 8%, 55 -@loll A U< oyl e B Ak sl Albe TR U vpolelak A AA 0 2
RS ABIE AR 0 o] B 19 Fofl SIck 20238 9 A, A A7 R 0] F7hol A 6908
% o)l ATyt 6] ORI ool SIA S A 0 B B Rk A7) oF 35,8009 9] AAfst 3,400
7y olge] SA EAskgekD

20209 1 202 A S5} Ay

A B B, A2 A AP B AR50l 22UH9 1132 919 =
MEERRER LTSI EIRES

S I
A AR 1T Hoff gk ofuet AA|, 18, E4, WS 5 AFS] ARt
2 F8& T 2= AREE oJ5H 7 (medical intervention) ¥} H] 284 7] Q] (non—pharmaceutical inter—
vention), 5 7FA] HrAl 0 2 7hadwg Shate] tf-2sth(Lee, 2023). 95HA Al o 2= wiAl AT} 2] 24| E9]0]
FA ol H&JeHH A9 o == RIS APY A Ae|F7]et AR ALY AREYE & 4 Atk
o] T AR A AT F71E A=elA 29 27158 AL A o g TR o] St A E S8l 1 =
24 A2 E StHsks Aot o] ghaet Ao 2 At W] AE 'l 4 okl F7hE 2 QLo ®(Hunter
etal,, 2021), FAA|FY o] F Z|F7HA] o ATEolA o] a7t A E I itk WEALT EH A|A 2= H =
7P 9 EAIE o2 F=1H 99 B ol thE gafo] ATE Y B2 AF=olA T2 S
2 WFEANTF AT Z0 2 YERSTHBarnes et al., 20205 Huq and Islam, 2021; Saladié¢ et al., 2020 etc).
Skt A of 2] Bopof A AFS] A A Fr] 9] I F aitEo] AFE A Kim et al., 20215 Kim and Park,
2022; Ha et al., 2023 etc), oFAI = WAL ﬁ—?—% ofZ] o] 2o x| A] &1 QIt}. 2022.7.8. A ER W EF
O] H &2k m ol A= 2020'E ARA71 2019 thH] 8.7% 4513l 0™ o]ofl= Z 21190 o3t ALS] 4 M3t
TEUS Ao E FE5 A rof 23S Folot. Tt E‘/H97} WsARALof 1R FES FARE =9 ATES
& A4 A E Ed2 Z2U19 3 A 3¢ —ff‘ﬂﬂ FE FPE o Fag o] wEAte] BFl 7
o] 2kF EAJ ol wet opeket AvkE UEylE =& Eotal ofo] et A= 27] P& AAolth ARRlA
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A2 F717F Z =49 BRt o el % E o2 W]
=] AFR]H AE7o) tiet WEAY I BA2 11 o] FEot
olof ujat, B Ao M= FR21LH19 AFS| A A7 Fr] A & Aottt 229 9 A4

A F719] Y-S HA AU e B2 A5 A4S 1A (causal relationship) = 45T, ShA]gt

1M IHAI7F eFFAS Zt7] YalA= A7HE @459 (time order), SAHAY Z 7 (concomitant variance), 243

H4= 54 (control extraneous variables) 2= Al 7F2] 270-& FFljoF skt wE A ] 5434, ol Q1A
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wetd, B ATolE AA81A Ao REARL AAE BAsow olF g9 4717l A LA
B FAlrend) 8 Eo|2 AAG BALS AASHAT AAD BH0 2 A8l AE)7 G o] WEALT

Z| 2} AFR) A AR F7] A7 7ol A E AR WEALE H o 24 AFR]H 7HT71 of uk
SHE Am EeIh AFE {8l A7 oA Z 1097H2013-2022) 248

Ul A ALe] A A Rr] B ZFart 305l H ARIMAXE 8t %*6& A] AG 24 Hgo] AHEE
t}. o]t FAeL B ol et 2 A= tha F 7HA] A CF)el

Q2] A8 AR AAE A LEAL B A5 BEATS ol AEO] ABAL UERIEAA?
- olE% ABAE AHSA AE79) AT D $EE ) w1 Aot oA HskEET}?

Literature Review
1. T2LH99| WEAD Yok AL
1=:]

ok Aol A =71, A1
7} gad Ao Yeh,
0]=t Louisiana®l| A= F 2119 B ZA 2 AAAS7H47% 4T A 02 BAE ] 0 m of 7)ol = FAdAtaret
TEAAFLL S0l 2 46% 2 41% 3 Ao 2 YERT 3 AEAEEA W (Regression Discontinuity Design,
RDD)2 o]-83t o] Atol|x= 53] B 234}, 25-644] 72 9 v]dQl 2 2te} el Apare] ®ahrt 37
Uehton F2UH92 Q8] wEsF T3t A5 Qe 8Flch(Barnes et al., 2020).
TF Sydneyoll A Ba7| 7ol A5} AL AL W AHEITE 7} 50-60% AT A0 & vrebdtt Bajr)zt

e AR AR 221499 B4 23] (lockdown) &2 53T B w-SARL

A
ol it AL A=E 7ROl Al 5 7 (chi-square test) &2 H|W R A Ayf= AHQl, T A, ARg-riolzfd]of Y
=& o= Y A4E GAR 295 Yehdohal S shAeh AZARL 52 A A Q1 AL A&
THE FrasA] o2 Ao 2 e tHChand et al., 2021).

et Ao A= B ERA = AL 58% as, AFGAoF B A= 242} 58%, 82% ARt A0 = LEt
wret BSTS(Bayesian Structural Time Seriese) PO 2 B F 2] 0] a1l= A3t o] AFo A= B ZA] o]F
AFZF A S7EAIEE o 27kl = oY Itk W th(Hug and Islam, 2021).

El7]o| A= B 7|7t EART BREE R 20-60%2] AL a7t QLo Hold RS Tl BAE APTA

0

A F AR e st At vehdthal EelHA B2 o] avkEAe fl8 olF A (Difference in
Differences, DID)-2 AF&-3ith, A3 Ay} 1A njsfje} A6 A ASE ZH2 30% B 32% 7ASE.om HAY
A= 19% Aok ot At A g k= 719] gigld A2 &2 Uertth(Oguzoglu, 2020).

2A1|Q1 Tarragona©l| A= &1 713F Ak A4=2} FalieFo] 22 74.3% 9 62.9% 743t A 0 2 YErsith, Chand
et al.(2021)9] A7t 2 7lolAly HA o2 A% HlwE AR o] AFolM = B4l 2A] siAl & wSAL7 A
Sz oz F7Isto] ol It FAFA AL Bl tH(Saladié et al., 2020).
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Yo BHFA 2 A T AAA7} 21.8% FAH AS 2 YETE o] AtoAs Baxx] 199
GEH| I E Fofl B3R A| Y] S FESIG oM QEHPO] ARLR IS WFEAIITE A AFFALLL F 2 BES
22| 5H]| E|QloH AH = o5 FEfoF g& A THSedain and Pant, 2020).

N

o] olellte o gelotel Az BAEA 717 ] B WA AS WekE vlmek A Heh 70% Has Po) Lhet
Fom (Valent, 2022), AA| Fa3o] Afnaa 2 %Jﬂiil of w2 U7t ZEALY W5} Ao AL 36705 5 3270
ol A WEART AFgAST AT g o 1278214 50% o1 B, 1470Ze] A 25-49% 4, 6
ZN=ellAl 25% et S 7153 2102 vt Be, 5 A7) A3t wistes 42715 3 3371501
AR AP RRE7) Ao ST o] AL 25%, 13718 15-24%, 157172 15% n|ite] 442 7|23t Aoz
LR TH(Yasin et al., 2021).

= eJoll A A FARL Ao thef ’3& 174]‘5 F= A8 d7=ol ol AR =il = ARIMA 29

2
E]O} Anambras& t 2 WFAL X}ES’} 2R AYALEQIT, A 9 k22 94)S ol wsALE
&5t om o] AFtelA= RIMAQr ARIMAXZF 455 Blstleh. A4E flo 2007955 2015d7k2] 9]
WEANAS 2Atg7t QEE LS5 o m (TS 10871), B4 A3 wF5A Aagh -85 ARIMA =9 Bt
ARIMAX 13 9] o &2 o] oA UEFSETE, Nassiri et al.(2023)-2 o]zhe] A E 114 2.5 thAho = ARIMA
2} ARIMAXo| A8 (seasonality) 845 571t SARIMA®}F SARIMAX B3-S Egloto] F 47 Rgoz wF
AP ASFAE dl55HH o] A9 TR E WEHY 53 ST AR ESleH A7 AtEE 20164 39
HH 2021Lq 8e7HA] A WFARL A= (FEE 557 7F AR E QAT 24 A AL A 2L, T1E] A €]
o] whet g At Uert AR AAD E4A] ST 2ok R g7hR] oA AR A AIjEeHA
= 1%}4 T o2 A1 =2 Behzadi et al.(2023)-2 o]z YEHo YA|st KermanFS A} O 2 Thueze and
Onwurah(2018) 9] e} upb7ix| 2 Ay a(Q17h A= 9 =231 @ 4)5 123 ARIMAX RE2 535 o
SAILE ST A AFEN iR R 9 wEARL AeT 85 ]Lom 20159 39RE 20214 349
7RO AL A (B 72705 S5l Abael]l et £k eof Bt 7129 FoFeS Hawith
0= ETS 29 4 A+o|th Ye et al.(2019)-2 1l= Los AngelesE td- 22 ARIMAS}L ETSE ARE-51
WEARALO] S|, A, A, A= 5o FAA EAS B4 sk o] ﬂ-?"’ﬂ"ih 53] Los Angeles®] W&
ARAL7E A 100 71 2l 2] 7HF Wrhs S4S Hol7] whizol STL Zsi¥& AF8$ ETS B2 55}
Att2 A2 R R 20109 7E 20199712 o] € W-sAML A (EE 1137H)7} AMEEILeH A Fol
AAE 2AA 0] RS 58 Bt on] Jl&s Tt Ul AF= Lee and Seong(2017) ERH,
ARIMAS} ETSE 53f] §H=+2] 200556 2015W7k4] o] ¥ WEANY A7 (RES 13270) 8 AFHRE FE5}]
ASH ANAGREAE sBsknt. 425 o 158 ARIMASY ETS O] 450l Adolstal ot Auba o 2 ETS
7F Rt Al E 2E ‘)rE]r"H Ao = gl At

202 ANN 2g & dAFto|tt, Qian et al.(2020)2 =W W FALLL AFEAE: 2H=2E F5) SARIMAS}
ANN—J FHYo R @Y }uou}-rs ASstAnt. AFAREE S= wg=olA HAE 2000858 2017874
O A AR (B2 967 A7 AREE] QLo 241 A T B Aol 4= SARIMA S| RMSE, MAE, MAPEZ}
ANNETH E0 =7 et A|qh o] Atof| Ao} o] Al /o] Z4et waAtal sglef A= ANNo| SARIMAE th

TASH Rt Ao ® UEhd e o, A= AAIE 244 F 2 9] Ha AR Akt

2) BH=20| (HER 2/HS0| LY WEAD E5H Los Angeleset OF2I712|2 2 10-1120] 712 &0 1-2€0] 713 U2 BEZ LR ¢

ojo
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upz]2k 0 2 Prophet B ¥ o]t} Feng et al.(2022)-2 5= 555 A 9S ti4 22 SARIMA, Prophet,
LSTMO] Al B30 &2 T7] Atalof S B3 7idotqint. o] dAollA= WEAL 47t opd BAA4=E =3t
e AR R A9 (Jilin Provincial) EA91€2]7F AR AU dvhE e J AERHE 24,88578)0l]
tialjA] 20159 5-€ 20208712 o] D JLAA=(F24= 6070) 7F AFE-E| ATt A+ A3t H6hy o552 LSTM
o] 4519 oL HEA © 2= Prophet?] A%50] =7 YERATH
o[ Jat o] WFAIL AAE FA A= thefet REE0] 8 s & et o5 449 EA
ZF2| 10 Qlek o] 23 RS FAE A m o] AADA wige] whet Aolet A2t e &t B 5
AEL Ae|5HH Table lﬁr Zct ARIMA, ETS 2 ANNoJ| thist AbA|oF W82 Box et al.(2015), Enders(2014),
Hyndman and Athanasopoulos(2021) 9]l AJA]%]¢] 212 ™ Prophet-> Taylor and Letham(2018)-& #alshH Hrt,

=

Fo

A o

Table 1. Main characteristics by time series model

Model Main characteristics
ARIMA Strength  w Flexibility: ARIMA models can be applied to a wide range of time series data. They possess
the capability to automatically handle patterns such as trends and seasonality in the data.
= Consideration of trends and seasonality: ARIMA models automatically consider trends and seaso—
nality in the time series data. This is beneficial for effectively addressing various time series patterns.
» Ensemble and combinatorial possibilities: ARIMA models can be used as part of an
ensemble model, combining them with other prediction models for improved performance.
Weakness = Normality assumption: The ARIMA model relies on the assumption that the data follows a
normal distribution. Therefore, it may not be suitable for data that deviates significantly
from normality
» Challenges in parameter selection: The appropriate choice of orders and parameters in the
ARIMA model significantly impacts prediction performance. This process can be subjective
and may rely on the intuition of experienced practitioners

Other m ARIMA is particularly suitable for stationary time series data and can adapt to various time
feature series patterns through appropriate differencing and parameter adjustments
ETS Strength = Simple interpretation: ETS models have a simple structure, making them easy for non-—experts

to understand and interpret. The components(error, trend, and seasonality) are intuitive.

= Automated model selection: ETS models provide the capability to automatically select the
most suitable model for the data. This minimizes the need for manual parameter tuning and
reduces subjective judgments.

= Adaptable to advanced modeling: ETS models can handle both simple and more complex
time series patterns. This adaptability allows for the application of an appropriate level of
complexity based on the characteristics of the data.

Weakness ~w Limited applicability: The ETS model may not be suitable for all types of time series data. Parti—

cularly, datasets with unusual patterns or outliers might be better modeled by other techniques.

» Requirement for high—order differencing: Achieving stationarity in non—stationary time series
data may require high—order differencing, complicating the model setup.

Other m The ETS model can be applied to time series data divided into small time units, which is
feature useful for long time series data
ANN Strength = Complex pattern learning: ANNs have the ability to learn complex non-linear relationships

and various patterns in data, making them powerful for modeling intricate structures within
time series.

= Multivariate time series processing: ANNs can handle multivariate time series data, capturing
complex relationships among multiple input and output variables.

Weakness w Potential for overfitting: Training large or for many epochs can lead to overfitting, where
the model becomes too tailored to the training data, diminishing generalization performance
on new data.

» Interpretability challenges: ANNs are often considered black—box models, making it difficult
to interpret or understand their internal workings. This lack of interpretability may hinder
insights into how the model makes predictions.

Other = ANN come in various architectures and layer structures, providing flexibility to adapt to
feature different problem scenarios. Adjusting the model’s structure and hyperparameter tuning allow
them to address diverse scenarios.

A, A 414 A 7=, 20239 12 793
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Table 1. Main characteristics by time series model (continued)

Model Main characteristics

Prophet Strength ~ w Seasonality and holiday handling: Prophet easily incorporates annual, weekly, and daily
seasonality factors, as well as user—defined special events or holidays. This is particularly
advantageous for business time series data.

» Robustness to outliers: Prophet exhibits robustness to outliers. Even in the presence of
significant outliers, the model can provide stable predictions without being overly sensitive.
Weakness = Limitations of smoothing parameters: While Prophet provides parameters for smoothing the
trend, these may have limitations in universally applying to all time series. It might not be
equally effective across all datasets.
» Constraints with time series length: Prophet tends to perform well for time series with short
to medium lengths. For longer time series, there might be some limitations.
Other » Prophet provides a user—friendly API, allowing users to quickly build models with minimal
feature configuration, Effective results can be achieved without complex parameter tuning.
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Data & Methodology
1. G129 & 2M2i=

= A B71EE AR Rt A7 e fhollA ArelA AR 7 vl A oA - avpA o AR
LA A9 ZE spR o] 177 3224 & 27t 783 3ok A7 E 20228 ' 7)3, 914 13,680,911
B (§H=9] 26.5%), AFEAFSEHA 7,016,973d1(3H=9] 23.9%), @AW S]] 244 9,246,510% (/F=2] 27.1%),
T 2A% 14,904km(3H+9] 13.0%), 20228 2 W EALT 52,9687 (RF2] 26.9%)-& 2Fx]5}1 QlTt.

A% EE XA ARet 229 Y ] 227 AR E AT AL AARE ERAEEEO] wEARL
EAA AR (Traffic Accident Analysis System, TAAS)E ol A7ZoA 2 1097H2013-2022) A4
514,202 9] WEAILE 2EE FABIA o AP F7] EA A E 202288 Al el 93] w-SAEAL 461,454
Aol AR H D F= 9 T tiA Ams ARy Ade 59l AT 99 AmE s

E & AFolME A AR E F E}%E TSI 2] A8 A7-50] WAL AAIE ZAA]
4 EHE ARE FFOIA W, 2 AFolME =2 ARe]A A Rr] JAo] = Eelz AlgE Hat Hoy Fu

3) H2|F7| YAz %§$%*£W\ % f 20221 42 182 SAHCZ SHAH=|AoLt 0[0] 2021E 1122 ST
SOl wet 2021479 Z0gkg EMcke 20| ElgE AC2 Alzg
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S AAG BAS 98] A BEE(ISO-8601) A} AHx 750 whe F312 &5

o] AFSA A B F7le BAAH 02 2020 3¢9 22 AFE| AT EFITte] & 2 ASHE AT A1
2020 29 299 REFloH HMxA o= T8 2| ofA] Fhedo] SMtEIHA 2] oof mpet 714 g4t B E
A FtaAl FAREE, AAAA 9 e ks AT Ha et al., 2023). 2 AtollA= 7120 AHE]
2 A7) SA Y] 252 Aot A WS asto] 7| LoflA] Z1ZHE AA Y ] FeE FARE
712 ol 45}74& ﬂ*g}iﬂﬂr(%ig, W, 314 =5). Figure 12 59 =-S5l 485 2197H2020-2021
W)o] 1 v T} g 717ke] A7 oA EAYE FAE A WA WSS A EA ST

A
2 rlo

[ INothing [ Jtow [ IMedium [IEMHigh

ANINNNNARAND  ANQUDNNRRNNNRNNNERN NANRNRRENARN THnnnmnm i
1 21 31 41 5 1 21 31 4 51

2020 2021 o

1200
(Accident count)

Figure 1. COVID-19 pandemic policy stage (upper) & traffic accidents (lower) in 2020-2021

ojo} T2 Akl 0 = F 470702] (201587 202082 53F2p7HA] EA) o] TFEEUTh Table 2+ & AFE
99 758 A2 o] AT B AT AF FEL AT AL FANEE BTo0] 5 TNE TR
87 S, SHEA, ool ZIehitale 2Ol ol ALl LB 3
om 7e} AFolls 2P A, A7 A, E3E 1A E ol 5, 1A, 718 2ol ZAE Itk AR RT]
4]:}7:"( '%, —Q, TL, =3 D)E 7‘5—0}93\‘:]'

il

01

&

Table 2. Example of data set for the analysis (n=470, by weekly)

D v Week Number of traffic accidents Pandemic
car c LOV HOV Truck  Motorcycle  Others Total  policy stage
1 2013 1 398 60 73 6 17 554 nothing
238 2017 29 556 64 111 67 67 865 nothing
378 2020 13 559 65 124 79 61 888 high
470 2021 52 674 61 142 84 56 1,017 medium

4) ARIMA 235 H%*E Box-lenkins= AIAE 244l 5071 0149| 22 AES HYGIU2Y AR0| 47t Yers MY =2 245 =22 4 UL A2

SIS(QHA DRE M3l GIS0| EAL 50-1007 4F)

S et

WSS2|2], A 413 A 7=, 20234 122 795
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1) ARIMAX(Autoregressive Integrated Moving Average X)

ARIMAX+= 71E AAE B30 ARIMA (autoregressive moving average) 2ol 88420 YHFE
133 B (autoregressive moving average model with exogenous inputs model)-& =3t}

ARIMAX?®] 7] 3 &)<l ARIMA+= Box—Jenkins7} 7j# 3 o © &2 F&H4=0] A A F ASA] 2471 2] H (auto-
regressive, AR) €} o] 5wt (moving average, MA)& @7 112f_tt}(Lee et al., 2023). ARY} MA R o] TE5H»
O] MpAgE Hat opy] 2} W ANZE-Z (white noise) ] MAZ7IA] M B o] ARMA 2o, of7]of A[A|E Hlo]
1] G4 (stationary)-& I3 #4=2] ZHE 314 (differencing) 714 g 2 o] ARIMA Rgo|tt,

dubA o0 2 ARIMA 232 SRS 29l6HA] ¢o B g HMEA 3] F| 5 A oA o] Tl EA E7iH4elo]
PAE Loti717F oA Heh(Won et al,, 2015). o]H @S F55}7] I3 ARIMAX ®32 7]& ARIMA 23]
EdH40] 24|24 (lagged order) S E st ARIMAX(p, d, g, 2 EAEH 5242 Equation 13} 2t}

P q
yt:C+at+z¢iyt—1+29¢az—1+5 (D
i=1 i=1

d o] FIH AL, o= 897, a2 A 9] 23, p= A719] Y, o5 AV AT, o= °15
T, 0 ol sHwAT, pE WAL AR AL Hde fHs] A SHdeR B0l #44HHY)

2) STL(Seasonal and Trend decomposition using Loess) & ETS(Exponential Smoothing)

STL(seasonal and trend decomposition using loess)< Loess(locally estimated scatterplot smoothing) <3}t
71HE& AHES AAE B4 R o2 AEAT FAIE Eolishe W oltH(Cleveland et al., 1990).

Loess= T W7t ot obpE ZF Al E 8 Hlo[HE dA A0 & (¢, y,) & A7 = = A1 3] FAH
oth, 7] A dgh2 1E&= 20]™ Al ¢9] T AR 3, ol A Loess A 3,71 A3 g7l Blol8l & A 2] of 5]
Sh= Equation 29] 7F5A](w) Fp7F o 85w HES} R4 g7t AR A A|Eo] H B A th(Lee, 2021).

[, ~ ]

Ulq(t) = [1—(m

PP, i=1,2,...q )

STLS AHHAS A4 5-S F&5H= WH<8Hinner loop) Tt E0]go] A Zolx R LS outer
loop) 2] FHEIFY 0 = LA HT}, o] 23t AL XGRS 5HA o] YR 3PS AH FA|e3hS AEsh=t] o]
et 245 W82 Cleveland et al.(1990)1} Hafen(2010)2 ZshH ok Y43l 714 o] & o]B 451 wAof

A Bolg 24 B3 274 W5 A9 HF40R Equation 30] EEH,

SAt(F) =y, — 5}(1’) (3)

5) ARIMA 230| AZN BAS EA SMIF|Z(0|A Hl2sts S4M(seasonality)O| QUOLE, £ A2QF 20| RCHZ ME3I5H AIAIY CO|E{0Al= 0] 240
HASEZ| ke BAPF e Tetd, 2 0iMe o] 24 sifds 2l Felof BEH(Fourier Transfrom)S2 HEO| QMH~(AE2I| £ BIY)E =7t
SIS, Felof HE2 AlZte] S0l ZAot= AIAIHO] s = SoiE Soff 20Is s 28 4 Aol 2ol MEs2 MZ O IS JR|e
ARITHAIR! 8401 sine S2 cosine HEHC| TH&)0f| Giat

[l [
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o37) 4], 547 FF AADAS yoll A B AT 502 AAAZ 7 A-ZA ol

I3 B AFoA= STLY ETSE 2 ByS Akgolst #sEEgez B+ ETS(exponential
smoothing)= YA ] #EA]of| A[7H] S5 of hE 7152 & FiL 4toto] vl E o Soh= B4l 0|t} Equation
4= T 2532 (single exponential smoothing) ©] 44]-2 LFeRH Zo|tt,

S=ay,_,+(1—-a)s,_, 4)

= y,_, ZHold AFA] 5, o] Hato 2 AEH a= 0014 1S ZH= Hest af7f
TREHE olF ArHYY To= FAE Helgt E‘ﬂé%ol 7153}t ETS 23S A7
Oﬂﬂi (error), FA|(trend), A4 (seasonality) 2] 3712] 842 LA A A G 2t5.0] FA|
Zsto] 12714 785 AT o ik ofdfle R 9] FEE on]sted oE &0 ofld,
FAQ mdld 9 ETS(A, A, A= 7|5 AldAdo] gl 7H Zdolzhd ETS(A, A,

NI

A 277t 7FX
E EXT J,]. zﬂ 3| /c]
A1, A g0) 55
N)ell Sk o]

A

mlo

- N: A= 2d(constant)
- A 7P 2dell(additive)
Ay: 5= 7PH 29l (damped additive)
- M: 58 22 (multiplicative)
- Mg: Z4fske 59 2@ (damped multiplicative)

3) ANN(Artificial Neural Network)

ANN(artificial neural network)-2 1719] koAl o] R0 2] = AAEe4 a5t 2| AT A5 AFH 584
072 $8AI daEE o= AdFgAAL o7 EAHRyu et al,, 2012). ANNQ] 2= A2 Z(input layer) 7+ &3
S (output layer), 12|31 o] Ato]e] spt Ei= 11 o]/d2] 24 F-(hidden layer) 0 &2 A E]o] gLl Z¥7Fe] gjo]oj 5

2 4529 Aa7we] o8] 24 EckBishop, 1995).
15A2 G4 ANNO glolols 5 2uZel At didoled 7HEAS AN get ghe B4 g
2215 2912 Washe] A49 44 Equation 59 2 FeR HleghE =ttt

YO =S Ypmas s Yy @) Fe (5)
A71A, FZE AL ()= BN TEA ALy, 1y, s .y, ,)E HIAE A f2 WS LR A
FOR 7HSA) wE ST AAGLOR o]0 ZhE FA o] wlEol ANNS HIA Y 2713 mgolztat: o

THChe, 2018).

4) Prophet
Prophet:> 2017 Facebookol| M g7t A|AE 24 gtelHe2|= AAE 2= A= njeigts 52
L= g o]th(Taylor and Letham, 2018). @A7HA] Wi gae] o] F7H= 7] ofot Heet dnelES U &

O} AA Do A7 LK EALS T8sls 7|Eo] By ‘%‘3%%4% =] curve—fitting(F4 HgH o2 o
AE s 23cHKim and Ahn, 2023). Prophetol| A= QHtsle 71 - 2fjeishs o]= @ 4 o] Bajjo} A2
20 377t k= AR 7RI wEbA] AAE 24 W Ee High 114401 2] it Qlof digt 75 ¢
olsiE dale|Fol Wrgst] A== AA = 50| Ath(Taylor and Letham, 2018).

Mo

B Ao g 4>

QL
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Prophet 232 Equation 63 Zro] EANE(growth), A& A (seasonality), F (holidays) 37}2]9] 7|2 A4 4
A= o]FoA QL

&
i
rE
OIK
ﬁ_J
é

i %71

obd Ap e o} HFS Ed|= AA| A9} 47] 2 (583}
],

47}, 2FEat, @ EHfo])S R4 5HGITh Table 32
At Ao i A= E(2013-20224) 7|&EA

otk 20201 7 2021 0] gt F& 40
%6 Z]—_,] /\]-_]__7P/\7]_ _r_oﬂ _4L ]ﬂ' =) 9}5;2]'

rr o\:\ I‘
ru e o

H F20H9 Y 2791 20199 o] FA), 5841,
et glon @ Erlol: 05 At TS & 4 ‘}ilﬂr.

Table 3. Descriptive statistics of dependent variable

Classification 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

LOV Number of samples 52 52 53 52 52 52 52 53 52 52
Minimum value 398 477 483 501 479 551 479 470 545 455
Maximum value 693 708 832 779 820 806 842 785 805 794

Average 558.5 606.0 661.6 637.8 6293 6673 6879 640.7 656.8 659.3
Standard deviation — 48.7 55.6 70.0 63.5 67.2 58.6 68.1 63.8 55.2 73.0
HOV Number of samples 52 52 53 52 52 52 52 53 52 52

Minimum value 60 64 66 53 47 57 36 38 44 38
Maximum value 113 114 134 112 116 124 115 95 87 93

Average 84.8 87.6 93.2 85.2 82.8 85.6 86.8 63.8 61.4 66.2
Standard deviation ~ 10.7 12.3 14.4 11.2 14.4 13.0 14.7 11.7 9.5 12.5
Truck Number of samples 52 52 53 52 52 52 52 53 52 52

Minimum value 73 84 64 62 47 75 56 88 87 55
Maximum value 138 155 171 156 187 191 178 174 181 174
Average 1048 1177 1260 1213 1253 1314 1347 131.7 1340 126.0
Standard deviation ~ 15.7 19.7 21.1 16.7 248 220 19.6 17.9 16.9 20.8
Motorcycle Number of samples 52 52 53 52 52 52 52 53 52 52

Minimum value 6 20 31 32 32 41 32 51 45 50
Maximum value 75 89 92 92 109 109 111 132 140 111
Average 47.2 56.2 66.8 66.5 66.7 71.7 84.6 91.0 98.6 83.3

Standard deviation  15.9 14.8 18.6 13.6 17.0 15.4 16.9 18.0 19.4 12.7

Others Number of samples 52 52 53 52 52 52 52 53 52 52
Minimum value 17 23 13 24 32 45 28 37 44 25

Maximum value 67 83 102 103 105 94 94 112 106 123

Average 434 550 652  66.5 675 690 694 713 748  79.6
Standard deviation  12.9 162 220 16.7 18.4 13.0 15.6 19.6 15.5 23.9
Total Number of samples 52 52 53 52 52 52 52 53 52 52

Minimum value 554 689 662 706 688 810 631 751 840 623
Maximum value 976 1,076 1,288 1,129 1,266 1,224 1,293 1,218 1,226 1,196
Average 838.7 9225 1,0128 9772 971.6 1,025.0 1,063.4 998.6 1,025.6 1,014.4
Standard deviation ~ 77.2 96.1 1234 861 1123 913 1141 1054 850 111.6
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% Aol A= 28 A9 BT & AX =T, 1A A= 2013-2018E 712 o] AAm = F =119 A A
9dS] WA E RPER o Soto] AA| YAE Aot Hlw o =4 dSA4 5ol 7MY Hold RS
O}ﬂﬂ' 2GA A E AAE B o7 2013-2019d7HA] 9] AFR2E 53] 2020-20219 9] WEATLE o =35}
Al A Arare} Bl w EASFI T
Aol A o] Folx RE B2 REZTHO AIA G 74 17|21 &2 &0l o] FolFlth. ARIMASETS 23
AG EA ol A 7}7‘ E—f | &-85)+= forecast W 7|2 & A-85t3=H ol 24 ARIMA B-& A48 A7
auto.arima IS H-75111 2Tt ANN 232 nnet T+ neuralnet 37|27} @o] AFE-E] =] E Lo A
rmula®]] E 25t ‘ﬂ Fe A 71 227t §l= nnet H712]E AME-SEITE Prophet 2 &2 prophet ¥|7]
Fofl A= AT

%

l\)f_?l',

Z

& oo
O_u

ez orir > g

2Lrle AN rle

1. WA WSA 242310

n& A A8 B2 2 E Box—Cox ¥ %, 2013-2018E w-5A S thet &4 E4 (Exploratory Data
Analysis, EDA) 2 2 dlo]e EAS AESIA. Box—Cox HEHS FHFE I} obd glo|gE AFEIo| 7147
THEAL HlofE] o] BARS QPFRIA|A A (stationary)= SHE o= R o2 AHolE] 28 ¢(2) 2 ¥}
i Box—Cox 4] Equation 72} Zt}.

ofl

ol
filo

[*]

2 —1

A
logz (A=0) 7

z >0 H3l g(z)= (A=0)

Equation 725 € =&% A\g1(-0.9999) 5ol Hgte 2= 5 Dicky-Fuller test2 T (unit root) A3t 2
7}, p—value= 0.012 ¥ S5 Uebgtt. o]9F 22 348 71X & Loess H&3} 7HS 53] glojg EX
St A3} Figure 29F o] wgARL A=A AE AT A/ 0] Uehu= Ao = S1H ik

oL
tlo
o,
il

0.99925 0\

099900 | | ’\\ ,\\W ”( \ / v ’ \ |
\“ o / ‘ ! u / V |

0.99875 1
0.99850

0.99825 1

2013 2014 2015 2016 2017 2018 2019

Figure 2. Overall traffic accidents trend through the smoothing (2013-2018)

2 A9 ARIMA 23 Z3k2 R auto.arima( ) g5 AHESEAT. auto.arima( ) 3<+= Hyndman and
Khandakar(2008) 2] ¥ H HEfE AFg-sh=d] o] 22 ARIMA & A7] 9J5) =y AldatA o] ©hel A7
2 AIC(Akaike's Information Criterion) F|A3E R4FA A9 FH-QEH (maximum likelihood method,
MLE)& Agsf AHg-gitt. o] & Fall AldAdo] aeje ARIMA(3,1,1)(0,0,2)[52] Z3go] =Z ] Irt6) STLHETS
A RO| A RY A4 dar@]Fol w2t ETS(ANN) 2go] =&H .

E53|2], 4| 414 A 75, 2023 12¥ 799
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T=H AAE BE-2 Ljung—Box testE 53t XA} Htho] o] 2013 0 1) ARIMA 2§ 2] p-valuet=0.072302
IAAEE T2 T A7 13T §la)ohe A2 YERst Figure 3= 2adof gt Xt olct,

-5e-04 -
2013 2014 2015 2016 2017 2018 2019

HMW M | L1

\‘ L H‘ ‘H 20

o1 n l H‘ Hh “u\ \‘\ !

\m‘ H‘\ ’ \‘m HH

— [58
. ! I L0 T T Y
0.0000 52.1786 1043571 -5e-04 0e+00 residuals Se-04 Te-03

Figure 3. Residual plot (ARIMA model)

ANN 22 RO nnetar() 95 ©]-851%H. o] @<= NNAR(p, P, k) m 23S A&sh=d pot PRl=S 4
gotA] gFom 2pF 0 2 A ETE nnetar() ol A= WEARY AR 22 A/ AlA Dol thgt 712382 P=1
S Aoz A vlojgof B A A B or Aenm kgts FokA] F oW k=(p+P+1)/2= 4F
SH BN EEH B2 OJ—QNNAR(&I,IO)[SZ o|™, ARIMA 2§ 53} uzt7}2| & Zkat 2ldo] 434 = qlct,

R prophet ?tF 2-8-3t Prophet 232 ¢l59] A& #ol7] flall R 71| w7 4=(parameter) & A
Hog ZAT £ k= 7152 ]—“0}~tﬂ(Rafferty, 2021), 2 Ao A= WEALL A= 0] AAFA WS W
Sh= Al A BLE (seasonality mode) T+ A7 stelnt. 71 9] Ak o] 53] A 2] (changepoint prior scale) 52 2%
A A o &2 pfoh= FAE 24 715S 71EA o= A-GAI R

SrA] ursl 2ukA o] AT & 19hA4191 2013-2018E 9] Al Atm & 58f 47 2 g o] o|&5H 2019 W FATL
o] B A& Ak wekS 9ol thRt B EES AFESHE o™ A= Table 49 2t Table 4°] ME
(mean error)& &9l RPE0] A5 WEAL= AR WEALL tfH] tha WA A SH AS d 5 lom 4710 1
¥ 5 ARIMA 23 9] 50| 713 Hoi‘if © 2 yepyttt, Table 49] Theil's U SAZ2 £1o] d=7HS IAGE
T2 AREol= St vl i AQl oS Fe g Yehd X2, o] gk U=0(&AS), U=1(gh=
AZA] #2] Aok, UL(SEeASET A, U 1(HedSH et £88h)-S oulgtet. Theil's U SAIFF E3T
ARIMA o] 7Hg ¥-2 0.66372 7153t

Table 4. Performance evaluation results by model (overall traffic accidents)

Classification ME RMSE MAE MPE MAPE ACF1 Theil's U
ARIMA 41.0777 77.25297 62.9805 3.2547 6.0475 0.0078 0.6637
STL+ETS 56.9536 95.50678 75.9416 4.6295 7.2274 0.2162 0.8052
ANN 106.7409 131.2421 118.4012 9.3988 11.0061 0.3543 1.0845
Prophet 94.1557 159.4362 115.1749 7.6009 10.4714 0.7245 1.2385

6) ARIMA 29| 7|34 2Ag 9o £ ™ .
2olE Soff 20IQs 2UE EEY + Yoo TOHE‘ H%OL MZ 02 SIS TR ARITHARR! S0l sin

Afots AIAHO| CHol ok
S cosine YEfS| THH)O! aHHE
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Figure 4+ 47] ILado] of| 53k 2019 o] 23t 2013-20199] w-FAFLL Folo|tt, AAAMH-2 AA| _E’_E/\]'_T’_Q
FA|do]H Table 49] A3 Fofl 471 23 5 AA| wFAFLeE] Zpo]7h 7 2H2 ARIMA 2.3 (Figure 49] &

AA)o] 2020-2021d AA AEALT AZS 95 HF BP0 7 A r)

1200

(Accident
count)

1000

800

m—STL+ETS model
== ANN model
= Prophet mode]

‘ = ARIMA model

600

2013 2014 2015 2016 2017 2018 2019 2020

Figure 4. Trend of overall traffic accidents by each model (2013-2019)

oA AHE ARIMA 20 & FAg ol what 2013-201997k2] 9] A= & Fof 2020-2021d w-gARL
€ A5t 2™ o] & Figure 52 EAH . Z2H19E 75| 2 AoIA 9] A5 W AL(FZA D)

A BEATE] SR A) e A Ve 2 B 8 4

o]
S

1200 | | ‘
(Accident| It i 4
count)

1000

of actual accidents
(with COVID-19)

| i Smoothed wrendiin
|
= Predicted accidents (without COVID-19)

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Figure 5. Trend of overall traffic accidents (2013-2021)

Table 5= %4 J‘L’Eﬂh—oﬂ sl 2020-2021 24 Ato|tt. & A7 2o w2t A= 51 At 72
7] GAIE 202019 9] 3% @2 ©A 227, S EA 105, Eo zOl‘ﬂ 202192 W3 oA 55, S A

25, E5 O 2257 = 01
BollA E4H A5k
o ol &2 44

A

2 @A7o) AREs] B HESE ofnjgit

ARG B3} ol R ol om BlA AH)H A7) 7171 SF0 R FHAY
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Table 5. Results of overall traffic accidents for the COVID-19 period (2020-2021)

Number of traffic accidents

Year Pandemic policy stage Number of weeks Predict Actual
2020 Average 1,099.8 1,000.4  (-9.9%)
Low 22 1,104.0 1,054.3 (-4.7%)
Medium 10 1,134.7 1,0188  (-11.4%)
High 8 1,060.8 928.1 (-14.3%)
2021 Average 1,097.3 1,054.2 (-4.1%)
Low 5 1,165.1 1,135.0 (=2.6%)
Medium 25 1,059.4 1,016.3 (-4.2%)
High 22 1,067.5 1,011.3 (=5.6%)

Table 59} Zo] 2UH9E 714e17] e Aol A ol28 A1 A55E RE A7) 144 B} %7 dent
ol 717 A ngat FRUHo] Aol A Ao e 2 202047} 202119 24 B ATAS o
24 1,098.670/70] 9 AL 1,027.37/70.2 A —6.9%0) 7482 Vbt

A7) 71708 W8} w5 = 7] Aol he s Yepder, 24 ﬁﬂ& [ (- 6.9%)2 ARH 717 BAA]
202092 —9.9%(1,099.8 — 1,000.471/5), 202192 —4.1%(1,097.3 — 1,054.2A/5F) &2 e

BRA|E0 2 o] 2He ARt AL A2]57] Szo] metAE the s UrE}”%tﬂ Table 59 2o] 202017} 2021
BE 84 AR S0 942 BEAT B4t 37 Lot S 20208 HE B A7k -
14.3%(1060.8 — 928.07/F) & 7P & A5 7|53

oo

2. AEE WEAL 2421

Table 62 2013-2018'd AtaL Atm & 47 o] &3t 20198 w-sARLo] tigt B7Hx#E 74 Ao},

Table 6. Performance evaluation results by each model (traffic accidents by vehicle type)

Classification ~ Models ME RMSE MAE MPE MAPE ACF1 Theil's U
LOV ARIMA 31.2398 54.3582 44.8180 3.9674 6.4038 0.1049 0.7911
STL(+ETS) 39.1311 63.3994 53.1611 5.0764 7.6452 0.2442 0.9074
ANN 73.4134 93.6790 82.6876 10.0219 11.7511 0.4054 1.3328
Prophet 28.8317 87.3402 62.9091 3.0990 8.8875 0.7286 1.1852
HOV ARIMA 2.0811 13.9219 11.0285 -0.9636 13.9034 0.0922 0.6590
STL(+ETS) 1.6205 14.6725 11.6354 -1.4961 14.6817 0.1047 0.6726
ANN 1.6454 15.8857 12.7554 -1.6532 16.0166 0.0872 0.7585
Prophet 6.7663 17.5045 13.4342 4.2078 16.0312 0.3447 0.7861
Truck ARIMA 9.3091 18.3587 14.7536 5.0883 11.4794 0.0169 0.6463
STL(+ETS) 10.0655 19.0186 14.5521 5.7653 11.1908 0.0375 0.6843
ANN 10.9932 19.6947 16.2875 6.8776 12.5206 0.1636 0.6512
Prophet 21.5494 31.0011 24.1688 13.5187 17.7056 0.5662 0.9679
Motorcycle ARIMA 4.0649 12.3384 9.9460 2.8936 12.6545 0.2738 0.7905
STL(+ETS) 1.0318 11.3536 8.9828 -0.7489 12.0348 0.2395 0.7547
ANN 10.3358 15.4448 12.8738 10.1232 15.2265 0.1813 0.9330
Prophet 36.2959 40.1363 37.0425 39.5305 41.7722 0.6314 2.2109

Table 6|42} o] 582 (low occupancy vehicle, LOV), %8 high occupancy vehicle, HOV), &4}
(Truck)ol = ARIMA 2 o] 7 Hojit dfl5=l& LetiiA|Tt, @ EHo](Motorcycle) Afxl= STL+ETS 29
o] o &8 o] ARIMA 29 tiH] 2451 2 2= Yeyith
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ETS(Exponential Smoothing) Hd2 7|22 0 & A5 A& 7|e 0= 7P 2] BSAE 525 t+F7]
ool 1 o] PEA] = wlFofl High FRE AlgohA] Ferhal 7Rttt whetbd, B 7S rkA e EE ] of
Tl 71 B o= AtEths e Aot o, B A tiH] ?h=0] @ EHpo] ARal SRS w2 A

it Al

= STL+ETS 2 go] B} Js] A3t Ao =

TE5H B a4 A vet Zro] AR Mgl Ao A ANNT} Prophet 23 2] 450 ARIMA thH] =4 Y4
B & shgl o), B Lo A= A A (seasonality) 242 BFA%H ARIMAX R o] §Hto] wBALT EAS
Hoh & o =3t Ao 2 yERdTh

Table 6] 232 Edj2 582}, 53}, 3FEx= ARIMA 30|, @ EHlol= STLA+ETS Rgo] of| &g o
Ao AFER 2013~ 2019&77}114 222 B8] 2020-20219 TEAFTE =3 AL Z0]= Figure 6
JQQF@MSQ1ﬁﬂﬂiiiqwéﬂ@dﬂ@2”@ﬂﬁ4ﬂ—ﬁliﬁﬂ%%ﬁdgﬁ? A1)}
AA WEAR O] A (AAA A) 7F 2Fo] 7} Figure 62 £5] SHeol mhete]=t|, sF2ate}t @ EHtolo] 7
gatol 3} o] At o2 7 2polzh A4] S-S o 4 9t}

x
%

HU

o

B
o

Fl[‘

Lov HOV
ARIMA(1,1,2)(1,0,0)[52] ARIMA(1,0,0)
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Figure 6. Trend of traffic accidents by vehicle type (2013-2021)

Table 7-2 A58 WAL thal 2020-20219 B4 4 2|5 A7to|ct,

Table 7} Zro] 25 FA AT N & o SH AtdaFo] AA| AL dS ot =7 e 2090 o3k
Atagra o 57b ARl gt A 29 Hot A2 582 —14.2%(749.8 — 656.871/F), &2 —
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Table 7. Results of traffic accidents by vehicle type for the COVID-19 period (2020-2021)

Number of traffic accidents

Classification ~ Year  Pandemic policy stage Number of weeks

Predict Actual
LOV 2020 Average 731.6 633.4 (=15.5%)
Low 22 718.4 667.9 (=7.6%)
Medium 10 754.3 641.5 (=17.6%)
High 8 722.1 590.8 (-22.2%)
2021 Average 768.0 680.3 (-12.9%)
Low 5 829.5 747.2 (-11.0%)
Medium 25 733.2 652.3 (-12.4%)
High 2 7413 6413 (-15.6%)
HOV 2020 Average 88.0 61.0 (—44.4%)
Low 22 87.6 67.5 (=29.8%)
Medium 10 88.8 57.5 (=54.4%)
High 8 87.7 57.9 (=51.4%)
2021 Average 88.2 62.9 (=40.2%)
Low 5 94.1 67.2 (-40.1%)
Medium 25 85.1 62.0 (=37.3%)
High 22 85.3 59.5 (-43.5%)
Truck 2020 Average 141.3 133.1 (-6.2%)
Low 22 142.5 139.8 (-1.9%)
Medium 10 149.6 134.5 (-11.2%)
High 8 131.9 125.1 (=5.4%)
2021 Average 148.4 139.9 (-6.1%)
Low 5 163.4 156.2 (-4.6%)
Medium 25 139.7 130.4 (-7.1%)
High 22 142.0 133.1 (=6.7%)
Motorcycle 2020 Average 98.2 96.6 (-1.6%)
Low 22 102.9 98.6 (-=4.4%)
Medium 10 103.2 103.2 (0.0%)
High 8 88.4 88.0 (-0.5%)
2021 Average 101.9 96.1 (-6.1%)
Low 5 104.0 88.8 (-17.1%)
Medium 25 99.9 98.5 (-1.4%)
High 22 101.8 100.9 (=0.9%)
Discussion
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Table 8. ADT status by vehicle & road type, and two-wheeled vehicle registration (2019-2020)

Classification 2019 2020 YoY

ADT Passenger car Sum 48,631 47,828 -1.7%

Express road 34,188 33,315 -2.6%

National road 10,040 10,021 -0.2%

Local road 4,403 4,492 2.0%

Bus Sum 1,869 1,036 -44.6%

Express road 1,466 727 -50.4%

National road 238 184 =22.71%

Local road 165 125 -24.2%

Truck Sum 18,100 18,644 3.0%

Express road 13,627 14,183 4.1%

National road 2,907 2,888 -0.7%

Local road 1,566 1,573 0.4%

Two—wheeled vehicle registraion 2,289,009 2,236,895 -2.3%
ARR)A Al 7] ol i AR A 0] 7] AAALL, 584k A E AT B0t =255 &
Z o] A} 1747 UeRY vHA | 512l @ EHlol= o9} dATkAo] gl A o 2 Utelytt) o] sHEA}e}l @ EHpo]

o1 7 SRRl BHE ST Aol MY Ao AU, U B0 NS AT 8 3, 235 A
V2A7F BEAT FAEHA DI FPHOE WL 5 UL AN
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