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Advanced computer learning-based accident severity
analysis considering weather changes and port

influence areas: Focused on South Korea Cases
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Port safety management should consider a variety of cargo shifting within trucks and containers,
occurring at and near port areas. In particular, it is crucial for port safety management to consider
not only incidents directly ’at-port” but also those in the surrounding 'near-port’ areas, including the
port influence area. This is significant because of the potential for high crash severity at near port
areas, given the substantial truck traffic that could lead to large-scale crashes. Therefore, developing
management strategies for port city safety requires identifying key risk factors that influence crash
severity in each port area. During this process, because the key factors influencing crash severity
may vary as one gets closer to the port center, it is essential to take into account the size of the
port influence area. This study collected and matched both crash and weather data to consider
various variables. Additionally, this study developed four machine learning-based crash severity
models, including Naive Bayes Classification, Support Vector Machine, Extreme Gradient Boosting,
and Light Gradient-Boosting Machine. Furthermore, the identification of key factors influencing high
crash severity is determined through the application of an eXplainable Artificial Intelligence
technique. It is expected that findings derived from this study can contribute to policy-making

efforts aimed at enhancing traffic safety in the port area.
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Table 1. Previous studies on the port influence area

Authors Contents Port influence area
Jung e Review of impact on at-grade intersections on major | The roads where container
(1999) arterial roads around Busan Port movement occurs frequently

Lee and | ® Analysis of the operating conditions of cargo
Kim vehicles in Incheon City through surveys and Area adjacent to port based

qualitative and quantitative analysis of the resulting | on administrative district
(2009) damage
Lee ot a]. | © Tresent ideas for estimating environmental impacts Area of influence within
* Establishing policies due to increased cargo
(2019) transport activities between ports and hinterlands 0.5km from the port gate
Ziemska, | © Analysis of the environmental impact of large Road network including 5
freight vehicles in port cities using traffic flow ] )
(2021) simulation VISSIM intersections
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Figure 1. Data collection spatial range
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Table 2. Variable set

Frequency
. .. Percen (per 1ki)
Category Variable Description tage % | 4k | 8k | Cit
m m m VA
1 if sex of offender is male;
sex_offender 78.67% | 214 | 243 | 198 15
0 others
1 if age of offender is youth
1.74% 4 4 5 0
(<19)
Offe 2 if age of offender is young
22.37% 55 62 57 4
nder age_offender (19-34)
86~ 3 if age of offender is middle
61.86% | 162 | 186 | 153 12
age (35-64)
Driver 4 if age of offender is older
14.03% 45 47 36 3
charact (>64)
eristics o 1 if sex of victim is male; 0
sex_victim 71.75% | 197 | 220 | 179 13
4) others
1 if age of victim is youth
3.85% 7 8 10 1
(<19)
Victi 2 if age of victim is young
24.61% 58 70 63 5
m age_victim (19-34)
8¢~ 3 if age of victim is middle
58.58% | 159 | 175 | 143 11
age (35-64)
4 if age of victim is older
12.95% 41 46 35 2
(>64)
veh_offender_pc | 1 if passenger car 68.25% | 183 | 200 | 170 13
veh_offender van | 1 if van 4.82% 11 13 11 1
veh_offender fre .
i 1 if freight car 12.32% 33 371 29 2
ight
veh_offender_two | 1 if motorcycle 9.04 % 19 29 28 1
1 if bicycle or personal
veh_offender_pm o 2.06% 3 5 5 0
mobility
veh_offender_sp | 1 if special vehicles
] . 3.45% 15 14 8 1
ecial (agricultural, etc.)
. veh_offender_un
Vehicle Vehi T - 1 if unclassified 0.07% 0 0 0 0
charact ehl | classified
o cle | veh_victim_pc 1 if passenger car 50.50% | 142 | 150 | 118 10
eristics type veh_victim_van 1 if van 3.63% 10 11 8 1
(15) veh_victim_freig . )
ht 1 if freight car 573% | 16| 16| 12 1
veh_victim_two 1 if motorcycle 12.02% 24 37 35 2
o 1 if bicycle or personal
veh_victim_pm . 3.31% 4 8 8 1
mobility
veh_victim_speci | 1 if special vehicles
2.42% 9 10 6 0
al (agricultural, etc.)
veh_victim_pede | 1 if pedestrian 22.32% 60 67 63 4
veh_victim_uncl . .
. 1 if unclassified 0.07% 0 0 0 0
assified
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o A WEER AW SIS flet HAZH 714 Hat U S YA S E AL 2 2M0f e A7
Frequency
Percen (per 1ki)
Variabl ..
Category ariable Description . 2k | 4k | 8k | Git
m m | m v
Vehicle to vehicle (1 if
vtov_rearend 16.97% 43 44 40 3
rear-end crash)
Vehicle to vehicle (1 if
vtov_headon 3.55% 71 11 8 1
head-on crash)
Vehicle to vehicle (1 if
vtov_reverse L 1.49% 4 4 4 0
driving in reverse)
Vehicle to vehicle (1 if side
vtov_side 35.70% | 102 | 122 89 7
crash)
Vehicle to vehicle (1 if other
vtov_others 19.96% 49 51 46 4
crash type)
. Vehicle to pedestrian (1 if
Cras | vtop_roadside_ar ) )
vehicle to pedestrian crash on | 1.55% 3 6 5 0
ea
h the roadside area)
type Vehicle to pedestrian (1 if
vtop_sidewalk vehicle to pedestrian crash on | 1.24% 4 3 4 0
the sidewalk)
Vehicle to pedestrian (1 if
vtop_road vehicle to pedestrian crash on | 2.40% | 11 8 7 0
Crash the road)
charact Vehicle to pedestrian (1 if
eristics vtop_crosswalk vehicle to pedestrian crash in 8.76% 21 27 25 2
(21) a crossing)
Vehicle to pedestrian (1 if
vtop_others 8.37% 21 23 23 2
other crash type)
vi_speeding 1 if speeding 0.32% 1 1 1 0
1 if violation of driving
vi_intersection 6.79% 32 23 15 1
method in intersection
) ) 1 if violation of pedestrian
vi_pedestrian ) o 4.20% 12 12 11 1
protection obligations
vi_uturn 1 if illegal U-turn 0.56% 1 2 1 0
vi_signal 1 if signal violation 13.36% 33 41 33 3
. ) 1 if violation of to maintain
Viola | vi_safe_distance . 10.21% 33 35 24 2
] safe distance
ton 1'yi unsafe 1 if unsafe driving 53.24% | 125| 151 | 137 | 10
) 1 if violation over the center
vi_center_line ) 3.82% 9 12 9 1
line
L 1 if crash with right-turn veh
vi_rightturn ] 2.33% 4 7 6 0
and straight veh
vi_lane_complia | 1 if violation of lane
. . 2.23% 9 7 6 0
nce compliance obligations
vi_others 1 if unclassified 2.94% 6 8 7 1

Journal of Logistics Science & Technology Volume 5, No.1, pp. 23-43 (March 2024)
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Frequency
. .. Percen (per 1ki)
Category Variable Description tage % | 4k | 8k | Cit
m m m y
Road | dry 1 if road surface is dry 90.64% | 240 | 270 | 227 | 17
surfa | wet 1 if road surface is wet 8.64% 24 28 22 2
ce . 1 if road surface is snowy or
snowy/icy . 0.28% 0 1 0 0
cond 1cy
ition | weather_others | 1 if others 0.44% 0 1 1 0
1 if crash occurred near the
intersect_near ) ) 15.78% 36 49 40 3
Iintersection
1 if crash occurred inside the
intersect_inside ) ) 31.36% 79 93 78 6
Iintersection
intersect_crossw | 1 if crash occurred in the
Road . . 3.37% 7 8 10 1
alk intersection crosswalk
charact 1 if crash occurred in the 0.44% s ) 1 0
- seg_overpass .
eristic -ovelp overpass segment ’
(14) Road ) 1 if crash occurred on the
seg_bridge . 0.76% 2 3 1 0
geo bridge
1 if crash occurred in the
mety seg_underpass 1.64% 3 3 5 0
underpass segment
1 if crash occurred in the
seg_tunnel 0.40% 2 1 1 0
tunnel
1 if crash occurred in the
seg_others 41.52% | 121 | 127 | 103 8
other segment
. 1 if crash occurred in the
parking_lot . 0.45% 2 1 1 0
parking lot
road_others 1 if others; 0 otherwise 4.27% 8 11 10 1
Port located region (1 if
pyeongtaek 13.19% | 13| 11 7 4
pyeongtaek)
Port located region (1 if
busan 46.72% | 182 | 189 | 122 8
busan)
Regi Port located region (1 if
. ulsan 15.28% 8| 47| 66 2
Environ | on ulsan)
Port located region (1 if
mental incheon , gion ( 233% | 9| 33| 52| 5
charact incheon)
- Port located region (1 if
eristic gwangyang 2.48% 54 19 3 0
27) gwangyang)
spring 1 if spring; 0 others 24.84% 63 75 62 5
Seas | summer 1 if summer; 0 others 25.22% 66 74 63 5
on | fall 1 if fall; 0 others 26.32% 71 77 67 5
winter 1 if winter; 0 others 23.61% 65 73 59 4
Wee
K week 1 if weekday; O others 74.81% | 199 | 227 | 188 14
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Frequency
. s Percen (per 1kif)
Category Variable Description tage % | 4k | 8k | Cit
m | m | m y
nonpeak_mornin | 1 if crash in the early
oo 11.77% | 28| 37| 31 2
g morning indicator (0-6)
) 1 if crash in the morning
peak_morning 8.80% 24 27| 21 2
peak (7-8)
) nonpeak_daytim | 1 if crash in the daytime
Time oo 41.56% | 121 | 129 | 103 8
e off-peak indicator (9-16)
1 if crash in the afternoon
peak_afternoon oo 14.68% 38| 42| 36 3
peak indicator (17-18)
: 1 if crash in the nighttime
Environ nonpeak_night o & 2319% | 54| 64| 59 4
mental off-peak indicator (19-23)
charact sunny 1 if sunny; 0 others 89.81% | 237 | 266 | 224 | 17
o rainy 1 if rainy; 0 others 6.82% 200 23| 17 1
eristic cloudy 1 if cloudy; 0 others 2.56% 7 8 6 0
(27) snowy 1 if snowy; 0 others 0.19% 0 0 0 0
others 1 if others; 0 others 0.62% 1 2 2 0
temperature hourly temperature (°C) - - - - -
Weat X L
rain hourly precipitation (mm) - - - -
her wind_speed hourly wind speed (m/s) - - - - -
humidity hourly humidity (%) - - - - -
snow hourly snow (cm) - - - - -
visibility hourly visibility (10m) - - - - -
ground_temperat | hourly ground temperature
ure (°O)

* veh-vehicle; offender-offender vehicle; victim-victim vehicle; pc-passenger car; two-two wheel vehicle; pm-personal
mobility; vtov-vehicle to vehicle crash; rearend-rear end crash; headon-head on crash; vtop-vehicle to pedestrian crash;

vi-violation; intersect-intersection; seg-segment
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1) Naive Bayes Classification (NBC)

Naive Bayes Classification (NBC)& ©]%l &R/l @ol AH&E = 7Hd 7122 Q1 wiled A =38ts Wy
&9 vz, 7 540 ZyHolgtal 7Hgskal wo] X ¢k W ol Z|wkste] A% gES HAuissle U
A ExE AR E =3

S & HolEE l"f:?rfiﬁ} Hlo]= A 2] (Equation 1) AR BHRZIE B+ A
i SES FAHste A0 =, Atk Aol ¥y A B AR1Y GEREE AN &
il ekar, AR Aol Tt BRE & £ B AR Y FEREE AFSF EX(Posterior distribution)2}al F

i

(Prior distribution)

o 7)ol Hlolz FAoldt A AVE FoiRle Wl B AR FEREZE FAHSE o=,
MCMC(Markov Chain Monte Carlo) *¥'H-& &83to wo]X|t FAHS FT + Ut (Besag et al,
1995).
_ P(AIB)P(B)
P(BIA) = P(A) D
B ATFolA ARERE NBC 71| 3¢ 54 "7t s &2 3 ol & dedsto] WE 40| 7hest
t= 540 At

2) Support Vector Machine (SVM)

A ZEHE WAl (Support Vector Machine, SVM)2 HAl&d A8k 7[99 stUE, &7 =& 34 &
Ao A8 F e AESE EF 0|t} (Boser et al., 1992). SVMA| A& Margins ©]-83}] Hyper plane
< A3 dHolgE &/3tH, Margine H U3}l Hyper planeg st A2 & 7le|a1g] 9 d)o]
E R/ 7]A4 Margine Hyper plane® Support vector Ate] 9] #2]E ¢ m| &t} Hyper plane<
Hlo]HE &F/3he W Holal, Support vector= ©] Hyper plane® 7} 717k ZJEE on|3t} (Ukil,
A. 2007).

o

B AFd A= SVME] stoly detuE F AAkY HolHE IAYOoRE wjFE uf 2
kernel, &7 && HAEE 9v|sl= C, Decision boundary®] AU AEE ZAHY + Y& gammagts =
o

Aotaen, e FFd 2yl thate] AA TS A8 s gammadk
of Y-S Mt

3) Extreme Gradient Boosting (XGBoost)

XGBOOS“E‘ A8 71 e 3R, vl 7] 71l Random Forest?} E8] A& 719 2A EE Fo| ¢F
g ERVIE f;ﬂ'oﬂ 33 E771E W=l = Boosting 7I'H 71Wke] WH Eo|t} (Tiangi Chen, 2016).
XGBoost«] 39 Gradient Booste] 402 HH XS &) g5 U =AHS 23517 & &£=7} w
2w, dF AH 57 5oe Axo] oy, AE FUF Aow RAF o] dojd & A, wisidEs A
WZstet. wEks XGBoost®] sfo] H TL}E}U] B AAol Fo|& 7] &ok &, & A+ ol A= XGBooste] T
F9 stolHuetny F EF Y MFE 9u|dE n_estimatorsES 100~7502.8, Eg 9] ZolE nm]dte
Maximum depthE 3°.=% @754’3]—931:}.
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4) Light Gradient-Boosting Machine (LightGBM)

LightGBM-2 XGBoost2} Z©| Boosting 71 7|9He] &7E W Eolth LightGBML &% £57F =
= XGBoosto] ©d S ®AsHA 543 Y %2i, XGBoost$} Zo] HE A& F3) me £=&5
o Fth. LightGBM A wix7EA = AlE 71 A& 49 HA o] dojd & 7] ol stolH =
B ZA FoafioF 31, B AT oA+ Random search #H-& 53| L ghtGBM 2F 2y 7S 2
=z o sloly TetuHE =& AL T LightGBMol A= Eg 9 /M-S 9Jnshs n_
100022, E2] Zo]E 9 7|3l= max_depthE 146~165%, A Eg] <] ?EA FE 9|1 sH= num_leaves
= 92~1962.8 A3t

u

do
mlmrQLdHIE

estimators

33 d& d% W7t 2 =¥ #Y

o

set)e —r;ﬁfﬁi 7302 BRI oH, AF5 M YR BP9 FHsS 337}0]’09\]:} e AR A
e & BEL2 2 AR Aot @2 A7 TS AnE BERSHE o)X EF EYolRE BF9| 4
< B7rst7] fla 2&F 3 E(Confusion matrix) 7]1WHe] &= 9f 2 = (Recall), 2 = (Precision) &
Atk 4714 g e A dely & A 273 HlE&S gulst, Ad=9] A¢ A4 =& A4
AL T ZA dE5F RES, AREY A d3E £ AGEY A T A AFE HES 97
o oAk P 7)) Al bR AR ol A= AR 2FOE 4ET  QlE Fl-scoredt

-0

RN =
Youden indexE =3} 2 Al A4 g9 oS4TS Hustgon, 7 o &4 50 Hojd =

i

o e e
1o v ox K
Of

= L
of sty AHrlsdt JAFA T 7]Hke] & FP3FATh Fl-score®} Youden indexE 2] 22 e
(Equation 2.)9} (Equation 3.)¥} ZTh
_2X (Precision X Recall)
F1=score = Precision+ Recall @
Youdenindex = Recall + Specificity — 1 3
W2led 71e] %% Blackbox REOZ 1S ol Al ofd Wt JeFe vlHEA AT > 9
7] Wiitell ol & afAdstr] Y% W EC] AdHAST dAE 71HY B =B AL AY EEEE Akt
G 597 W] WM FREE 52T 5 JAW, Wre] FREWT ol o] JBL HHEA &
o Qe WHEAE BT F o mebA B ATolAE i mad g Ao XAIE A
=

34 XAI®] ZFFol= LIME (Local Interpretable Model-agnostic Explanation), SHAP (Shapley
Additive exPlanations), Permutation Feature Importance & T&¥g WHEC] don, B AFdA =

SHAP 7|'H& A&3t3th SHAP €aglFolAe Mo &4 o Fo mE Shapley valued| ¥3tE 54
3l™, Shapley valueg 3l M9 7| EE Felstal 859 I3 AL, & 59 IF B=E g2

¥ 4 ok
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41 AT AZE 4% =y 73 A%

U b SAEY S A stel AL AZE o % RYS PE A3, ¥85% Ry YaEs 4
2ol 5& UEIH & Fl-score®} Youden indexE 13K S-S W (Table 3.)37 Z©] 2kme| 7t F3F
A4 w3g Aoety wE vl NBC wae] ol Z45o] & Ao vyt

Table 3. Crash severity model performance results
Influence . Youden
Model Accuracy Precision Recall Fl-score .

area index
NBC 0.321 0.290 0.972 0.446 0.037
km SVM 0.686 0.393 0.396 0.394 0.183
XGBoost 0.717 0.497 0.305 0.378 0.184
LightGBM 0.703 0.462 0.326 0.383 0.177
NBC 0.682 0.475 0.505 0.489 0.263
Ak SVM 0.682 0.470 0.410 0.438 0.210
m XGBoost 0.721 0.565 0.326 0.413 0.217
LightGBM 0.701 0.508 0.326 0.397 0.189
NBC 0.638 0.428 0.570 0.489 0.237
8k SVM 0.676 0.460 0.380 0.416 0.185
m XGBoost 0.720 0.574 0.298 0.392 0.202
LightGBM 0.703 0.517 0.338 0.409 0.201
NBC 0.678 0.439 0.496 0.466 0.246
Citv lovel SVM 0.695 0.445 0.319 0.371 0.162
Y XGBoost 0.740 0.594 0.263 0.365 0.192
LightGBM 0.687 0.473 0.327 0.387 0.169

42 FFd 4 A3 AAE 9¥8d =& 23

dqFAd%sel =4 =8 I FEFAE NBC EFd tidte] SHAP WHES Tl Al AA4% o Zo
T TS v WFES 74204 EEAoH, =2 AAE (Figure 4.)9 Zth SHAP T1# 2o
A Aol EATFE TREVF w2 HEE Ansiy, H242 74 W] gl € 9t 0& 71+
08 §& o Ty} AW w dZo] A G NASE ST, P4 & (LEH)OR
A g AFel SAAA FEFE 7FHSE AR AE S0, 4km FFE 2ol Ao BPA AL
AL (B A FE F) W (vtop_crosswalk) ] -5 F2A 0] e Kol A A qoBR s W] ghol
255, 5 A0t A5k 9 Fold B4 o] And W e AT AzEsh Fol RS AL
et =58 SHAP I 28 B2 GFdE F8 Hee 52 A A4E S0 713 9FS 49
&t A= (Table 4.)9F 2t} Table 4= 7t FFA AL A= dF9 4TS T AFE 49 204 A
2 AoR, FAE7 & £ARH UHEsAth SHAP 12 s§4 A3E vl o2 Table 4014 2+ ¥
Fo 9% (mpach® AL, O 2o FFE, (N B IFL NALL oln @)
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(a) 2km influence area model result

(b) 4km influence area model result
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Figure 4. SHAP results (a) 2km influence area model result; (b) 4km influence area model result;

(c) 8km influence area model result; (d) City level influence area model result
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Table 4. Major variables affecting high crash severity

2km influence area 4km influence area 8km influence area

City level model

no model model model
Variable Impact Variable Impact Variable Impact Variable Impact
1 Snowy () visibility . visibility . visibility
2 snow (-) humidity . humidity . humidity
3 | ground_temper (1) temperature . temperature . temperature
4 | temperature (1) ground_temper . age_victim . ground_temper
5 visibility . age_victim . ground_temper . age_victim .
6 humidity . vtop_crosswalk (1) victim_pc () vtop_crosswalk | (+)
7 rain (-) vtop_others (1) vtop_crosswalk (1) victim_pede (+)
8 | vtov_reverse . victim_pede (+) victim_pede (+) victim_pc ()
9 | seg_underpass . victim_pc (-) victim_two (1) victim_pm (+)
10| age victim . vtop_road (+) vtop_others (+) vtop_others (+)
11| seg_bridge . victim_pm (1) vi_signal (1) center_line (1)
12 uturn . center_line (1) victim_pm (1) vtop_road ()
lane_complia ) ) o
13 e vtop_roadside (+) safe_distance -) victim_two (+)
14| parking lot . victim_two (+) center_line (+) vtov_headon (+)
15| victim_van . safe_distance () vtop_road (+) victim_special (+)
16| safe_distance . vtov_headon (+) vtov_rearend (-) vi_pedestrian (+)
17| victim_pede (+) victim_special (+) vtov_headon (+) crosswalk (+)
18| victim_pc (-) vi_pedestrian (+) vtov_side (-) vi_signal (+)
) nonpeak_mor )

19| vtop_crosswalk (+) vi_others (+) ning (+) vtop_sidewalk (+)
20| vtop_road (+) vi_signal (+) crosswalk (+) vtop_roadside (+)
* Increase model performance (.); Negative impact (-); Positive impact (+)

= FA By AAH o= AH % (ground_temper), 717 (temperature), & =(humidity), *178
A (visibility) 2} 22 71$ W3t #d "5 FAEVF 24 EEHAL, XA B4 BAsA = 93
2} A% (age_victim), BB} 33| A (victim_pede), I | 2} 2}F 5EA}(victim_pc) HT7F =2 AL A4 =
ool Fa3 FFES P AR Yeuth ®=I, AL 549 A9 Al B JGdRE Aa
B3P =2 9| Aldl(vtop_road) M7 T 257 & Aoz Yehygth @Az o
R i .

WZEel QL NN MEES FFH kS w, 71 WS G ol

3

il
o
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Z Uk TA oA AL

S

= LT =

BE55HA et oy ARk o ® we Abal AR RS o] RS THAE AR YEyt 58419 A
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