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Analysis of the Impact of Driver’s Visual Landscape on Traffic Accidentsin

Urban Functional Zones

: A Hybrid Approach Combining Interpretable Machine Learning and Negative Binomial Regression
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Abstract

Urban functional zones exhibit distinct patterns of traffic accidents, reflecting variations in spatial configuration and
visual landscapes. This study investigates how drivers’ visual landscape elements influence automobile traffic accidents
in Seoul. Based on 551,804 Point of Interest (POI) records obtained from Kakao Maps, the city was categorized into four
functional zones using Word2Vec embeddings and K-means clustering: high-density residential and educational areas;
urban mixed-use activity areas; transit and leisure mixed-use areas; and low-density residential and local living areas.
Visual landscape indices, including the Green View Index (GV1), Color Entropy Index (CEl), and Visual Obstruction Index (VOI),
were derived from 95,842 Naver Street View images through semantic segmentation and color analysis. XGBoost with
SHAP values was used to identify influential variables, followed by negative binomial regression for statistical validation.
The results indicate that CEl reduces accidents in high-density residential and educational areas; GVI reduces accidents
in urban mixed-use activity areas; VOI increases accidents in transit and leisure mixed-use areas; and GVI increases
accidents in low-density residential and local living areas. These findings suggest that the effects of visual landscape
elements differ across functional zones, underscoring the need for tailored urban design and traffic safety strategies.
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ang et al., 2022). o|23 HollA] 7HAA FH 8o HEHL
2 =ofEo] & A Q1A E4o e o] Se4 et
o], WAL WS AYshs | Fa% 13 a9o= 4
Sl Qltk, JEuh SR A2 840 disje Aok 4
olFt I} HALE|SL Qlon], ofjt U 723 Wl
ot A AR B2 FE3H Aol

olof & @ EA 75 Uk, &k, HiX § F3H
45 7HA1A B 84 7 ATARGo] wFAL A vlA=
FF AJolE oPIT & Uk 7FsAdol F5310] v F 714
4 QTS AT A, A A BF SEE Y
T 715 FEL oEdt Yo FEEENY B4, s
EA| 715 7M1 A A 847 FAREL EAY Wik of
3t ApEE GE A7l ofHE ARl F3lv] 93,
2 A= ARAIE R 71579 E AFH R /33t
3, 2 o 7N A B 847 A A i AL EAYe] w3
£ AP 5IE AFE O AFehe 2e SH o= Bk

I, Aoy HE
1. EAl 71579 87 97

WA, EA] 715 79(Urban Functional Zones, UFZs)¢|3t
EA] YRoA 7, A, A, TEAHIA § IRt 715
Fdh= T FAE AuldicHLie et al., 20231 2025). UFZ
MEL =AF7 23 -7]53 EAE A 2o mefsla,
olof 7|23 =AIA1E % FE|E =wsly] $3 A AT 7|Hke
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et al., 2016; Kang et al., 2018; Liu et al., 2021). °|#{3F &7+
AXNA 715 BEE TRPlE = f-83HA, 22 4% 24
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AHZhai et al., 2019). POR= QI B30 AA| S4A% 37
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Lolzt, 2oz POI9] F7H4 £329} 7153 ojulE oA ¥t
As}l7] Yl 7|1AEs 718F AW d(Word2vec, Doc2vec)it E
9 2E3(Latent Dirichlet Allocation, LIDA) 5°] =¢J%|5L
AHLin et al., 2024). 53], Word2vec A W 25 7H] &
744 - olu ] BAE A HE Fhof|A FRIeh= o e
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EAL Y5 50191, 2022) tlolg 718 v ES] A8 7}
/3% Bhg/do] ERlEa Qlct, TR UHE 7|W F38 Al
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7] SAIQ) Az B gl st F2E BAAZ]AL HE
2] £EF AFAHLZH §R AITHE A U7 A =
2 ARl 8ol FAFd 4= 97| ol olgd fAUES &
2 FHO] Aof (2 HAA), A B, B2 54
T A2t 8 A3 ARl A 7 folgh Aol gl lct
(Choi et al., 2020), t}gt 71 f3ke] A7)0 WIS ‘UEA 0]
7| s}, uigto] whe} AkE AutE B et

Alof B4 g0 A, FHE AAE HESHA U4A7]0] 2
71E sk B8 a9} HaiE YhH(Harvey and Aultman,
2015), ¥AE 7HAdE ARtsle] ARl Y@E F7HA71E dat
%= AA1EHKwon and Cho, 2020: Stiles et al., 2022), E3},
Y ERES 3% olFF Aol BEESIH. Rt Aot
=2 7 AlZHA A 8 IR el Al YEE
3k 2A7E e AR, 2023), =R AL g2
L} Q1%] pESHE of7]8te] Afal Y-S ol Aol U
(Zhang et al,, 2023), UpA|9}oE =2W =20 AL 7l24
9} 5o AR AlZHA H] 2 §31e} v 3RS o A|5to] A}
31 7ot Atk a7t oher BALE 90 VK (Nitoslawski et
al., 2016: Song et al,, 2018 Van Treese et al., 2018), 4z}o]
A= Ex)9] 4y 4 ujx| 7} Alopg ApdslA Y 015 A A
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WFARL T 2Q1E FEH WRE WA, o4k Bk
Az EAo] F3oh= 54 FARY 0| FE AME | it} &
8] ARl 7= ARl ok 3|2 F(Poisson Regression)©]
712202 8= (Ye et al., 2018), ZHLHEE(Overdispersion)
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Figure 1. Case study area of Seoul and 500 m grid
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STEP 3: : Applied XGBoost+SHAP, and Negative Binomial Regression for Modeling and Inference
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B1.POER
Table 1. POI classification
Classification Detailed classification
TH= FEY Single-family housing Single-family housing
OHItE Apartment Apartment
CrAIcH =& Multi-family housing Villas, boarding houses, etc.
AH|A /AR Service/Industry Household goods, medical equipment, etc.
=&8/28 Finance Life Insurance, tax offices, credit guarantee institutions, etc.
=4 Restaurant Cafés, chicken restaurants, izakayas, etc.
9|=2/71ZF Medical Pharmacies, nursing care, orthopedic clinic, etc.
PN Lifestyle Computer accessories, phone repair, hair salons, etc.
1¥ Education Elementary, middle and high schools, etc.
28l/0f& Culture/Arts Exhibition halls, cinemas, theaters, etc.
M3|/ES71 Public institution Senior welfare facilities, police boxes, community centers, etc.
AZE /A Sports/Leisure Gyms, golf ranges, billiard halls, etc.
A=/0|Clo Media Broadcasting stations, telecom companies, local cable TV, etc.
WE/44 Transportation Subway stations, express bus terminals, KTX stations, etc.
S8/5H Park/River Neighborhood parks, reservoirs, recreational areas, etc.
POl type
Single-unit dwelling
© Apartment
= multi-unit dwelling
® Service/Industry
» Finance/Insurance
@ Restaurant
© Medical/Health
» Lifestyle
= Education/Academi
® Eulture/Arts
@ Public Institution
@ Sports/Leisure
© Media
® Transportation

RS2 EE(MSA ZET 0llA)
Figure 3. POl types and spatial distribution (A case study of Gangnam-gu, Seoul, Korea)
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£ GFofA= 500m ZA} G| AAFAL wFARL T HE
£ AFE317] 918l Traffic Accident Analysis System(TAAS)
A2E B&3I5ich. TAASE A, H3AL A=Y SolA
TE Ot 739 wFARLL RS FU =7 9 o]
Euo|A2, 3R] Q1A 84, Al A=, Al A9 =
2 F4 5 TR o47), 2021). T, BF A&
AR AR AR JEE A AFSHA gons, EeY F
4F 7|Hke R 2239 (Geocoding) S s73510] - Ak 23t

E3 7M1 B Role] ENE e sjersb] 9isl, 24
24o] Aok 7k AGER= ofZF AR ARk 749, 744, S
5 AT A WY At B4 deld At
AA F % 21,6068 A3 olEiE AT Al BEHAL
u], WS AL A BES Z1EOR s00m AXe B 29
(Spatial Join}& $-831o] Zx8 WEAT WY A4S WA
ek, Ak A9e] B BEL (17 4ol AN,

3) B #

2 Atoie dB¥ee 7HA AE 22 (Visual Land-
scape Factors), a5 4 Q15+ 22I(Traffic and Population
Factors), £2]% 373 -Q-?J(Physical Environment Factors),
=2 YEYA 821(Road Network Factors)2] H| MF2 74
SHUCHE 2) 2), o] F 713 8-S A ABHsE, v
A A BFEE =3 Zoleh JA A Wik BAs] %S4
(Controlled Varible)2 Z§8}5t, 4]0 S5 AR =
& 2t

uF 9 AT aQde 2 £, £ & ¥HE4, uFEdH
&, AT 7HA MR FAEIGI oI5 aFARL HA &
Qo3 H(+)9] 2 A= 2YU2E v APATToA &

- Accidant Site
[ 500m Grid
Il Green Area
I River & Stroam
[1 Admin Boundary of 'Gu'

a8 4. ASAH nSAT WAXEe Z7HH 22
Figure 4. The spatial distribution of traffic accident locations

25 vt QITHEREAS, 20238 Yue, 2024). 53], nE5-2gu1§ ¥
4= Annual Average Daily Traffic(AADT) ¥ Volume-to-Ca-
pacity ratio(V/C)%h 2+ A2 WEAE o] Aok e
&to] tf2] ¥=(Proxy Variable)2 #-8-=]3ic}.

=93 873 22 =2 W wF Azt EF EAS WY
5tof WAE 4, diFwE AN &, Bt AAES AASIA
VAR e SR ER A7 W ARE AR sk dsfof 5t
£ 5% 38 8738 YeRdtHe)xY- e E, 2019), diFw
T A e AT A9 3 U= UM BE Al g
gt A= AF Aot 3 Aol 982 A=
E7)4 212 2(Fu etal., 2011) A=Ak,

ERYESA 292 Eeqo] 23 £42 WYsy 3
% (Betweenness)2} g (Diversion Ratio)E AM-3ITH &
Tt B4 R2EWAR)S] FHAAE S48, 3g A4 i
T 35 A= AL 7154E d¥she A &E°|cHChang et
al., 2022). ¥H, g EERL EqFAlR B2 22 Q1
23R Alof Mgk W=7} 22 7k A sk A BE, 3ol &
=58 54 9= = AR 3R 7R 7R/l sl
(B2 0]71, 2023 494 - 0171, 2025). 3 W= QGIS
3.6.12] sDNA &322 &-83le] 2HE3131aL, 500m A} &
1= QAR Maeof digh oAl 172 (3 3)0f AAJSHAT

oo 2 FHAA AW 84 AR FY F AGFeE
PRz 7 {EE PR 208, 2 oAM= A A
(Green View Index, GVI), AloF 2F¢t Z]4=(Visual Obstruction
Index, VOI), 4 £3% Z152(Color Entropy Index, CEDE F
8 24 FHoE AAsigit. B4 e gidhnt oujx]ojA
=2 LA HI&-E uishe, AJof 2k 2|4 Alof At (A
£, 9%, Axd] 9ok wE Az} A (R, B, 457), %
2] 5] AT A vl &L 7|NEO. R Ajof SR 52 YR A&
ojct, miA|to 2, M4 Bt A B2 8 Uj A div|e} o
A2gol AL Al 2ot B A Bgof n|A)= g
< W3, BEH2023)9] ATE 7INEe R ==t

AR A2 thZe FAZ £, WA, ASA Y B2
T2 20m HHo2 AEHEI F 95,8427 Naver Street
View Ttretu} o]uj2)E #3439t 2Ju|E4] E&(Semantic
Segmentation)> G442 7 IS AP A oE MFE 53t
= 7oz E ditoA= OCRNet+HRNetV2+W48 Jy
2ElE 28510] 2] (Vegetation), ZE(Building), 3H=(Sky),
AHE(Road), HE(Sidewalk) 5 T8 A2 G4 v &L &
=313t dF 2do] £& 4% Cityscape HoJEAl 7]&
mean Intersection over Union (mloU) 81.35% 7|53}
(Yuan et al., 2020). 9] 2§ ebd4S SR}, o] At
S UL R GVIE 54 94 Hl2E, VOIE= A7) Ao w2t A
AbSFATHA] (1), ).
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2 28 ¥4 S Ho|E| B4
Table 2. Description of variables and data source

Variables Name Definition Data source
P M i
Se_;');r?(—jent TH=At WEAD 4= . Number of traffic accidents frequency in lfggcsg?;gfg}n
verahie Traffic accident frequency the grid (2017~2019)
AL
ﬁfa c?wi dth RDW  Average road width within the grid g%vxaf;\ddress Baitkese
nEELHIS Average traffi tion costwithin  Real Estate Big Dat
. verage traffic congestion cost within eal Estate Big Data
%gf_?&' ?-"_r:j-g?—' g{g‘tﬁc congestion TCC e grid (1 million won) Platform (2022)
raffic an
population 2l pop  Population within the grid
factor Population (1,000 people)
T New Address Database
ﬁi Jw?dct)h RWV Standard deviation of road width within ~ (2018)
ik the grid
variability
=52 A
Tr;‘grgs;:ti on INT Number of intersections within the grid (S;[%Ué}[)pen DakLkiGEa
=25 e ZoE A A~
Physical ESHE:;S tlIFIEdT SBS Number of subway and bus stations Kakao Map API, Seoul
environment b & within the grid Open Data Plaza (2018)
fian us station
=EITTPN M= e . Real Estate Big Data
e Slope SLP Average slope within the grid Platform (2022)
variable Ene Closeness of the road network within the
E2 HERH 22! BTW id
= = Betweenness gri New Address Database
Road network i = —
factors HEH| DVR Diversion ratio of the road network within  (2018)
Diversion ratio the grid
=X| K= Quantifies the proportion of greenery in
Greening view GVI each panoramic image using semantic
index segmentation, aggregated within the grid
Calculated as the relative ratio of traffic
TP 24t AJOF It X infrastructure elements (e.g., roads,
Visual Visual obstruction VOI s!dewalks,‘trafﬁc s:gnals, A i Naver Street View API
landscape e S|gn$) to view-blocking elemen;s (eq, (2018 04-00)
e buildings, walls, fences, and utility poles), ' :
aggregated within the grid
MAFEE K| Assesses the diversity of colors in each
Eolo?gwtro CEl panoramic image using k-means
it Py clustering and entropy analysis,

aggregated within the grid

B3 S8 9 8| tig oAl
Table 3. Examples of betweeness and diversion ratio variables

Category Traffic network 1 Traffic network 2
OilA|

Examples

=it

SEx 122 7.32
Betweenness

X

cle| 112 1.84

Diversion ratio
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n
_zjllpixe}‘&eeneryi
_ i=
GVI = ———— (1)
Y, Pizel,
i=1
n
'—Z"lP mezbrafﬁcaigni-l- builidng + sidewalk,+ wall, + fence,+ pole;
vor = =

3" Pigel,
i=1
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gHH, A4 23 2|k ou|A] Y 74 GAlo] RGB g o8
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Figure 5. Examples of semantic segmentation technique (a) and color entropy (b)
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slaigict,

2) XGBoost+SHAP

XGBoost= 1P UE BAH(Gradient Boosting) 715
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2H 70(01 219 - A A D, 202397} epoch 1,002 A17g3He] ]

& Felth. =3 POI -3 g2 (R ol AAEHs
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Table 4. Word2vec-based POl embedding results

POI type Embedding results (70 dimensions)
piEz

Single-family [0.26320,0.01847-0.00683,--,0.01189]
housing

OfE
Apartment [0.36258-0.16685,0.16848,--0.19885]
CHAICH Z=E4 i s
Multi-family housing [0.66258,0.96285-0.16918,--0.15695]
2i=/0|ciof

Yol [0.44558-0.39424,0.15048,,0.56885]
/4%
Transportation [0.21871-0.01533,0.34539,-,0.51906]
S/
Park/River [0.29963-0.00759,0.01815, --,0.08598]




EA 7IsTHE 27IXte| 7IAA Z/0| XISKE mEAD 0|X= FE 24
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- elbow at k = 4, score = 58079.111

23 6. Elbow Zxt
Figure 6. Elbow method result

E 5. POl R Salis A= 21}
Table 5. Results of POl enrichment factor by type

POI enrichment factor

Category

Cluster 1 Cluster2 Cluster3 Cluster 4
SR 4118
Single-family 0232 0.356 0088 h st)
housing
ofmE 6.456
Apartment (1st) 0.807 0519 0593
CRAIcH =&
Mult-family 0960 1('gr' d7; 0264 ?-29:%?
housing
MH|A /AR 1.132
Service/Industry 05 (2nd) OFih 626
ga/528 1.207 1.338
Finance/Insurance e (1st) (3rd) D248
SAR
Bectatisit 0.492 1.009 0471 0.645
olz/24%
Medical/Health 0.750 1.003 0273 0615
7P
Lifestyle 0.636 1.008 0.385 0.743
HR/EE
Education/ 2(;8‘16; 0.986 0.387 0(;?)
Academic
Z8l/olz
Culture/Arts 0.580 1.004 0.630 0.480
Me|/Z57 R4
Public Institution I 1008 128 9,729
AR /3K
Sports/Leisure 1.334 1.0156 1.020 0627
212/0/C]of
Media 0.399 1.016 0.320 0.459
nE/es 9.352
Transportation LR asar (2nd) D620
SH/EHE 3.863 20.330
Park/River (2nd) Lt (1st) i

Hohes 53 7159 FE0] BEE, ol A2Al9] £
715z S0 PRt 1Q A4S AR dE 715& A
3L, it A EFH(ILM) 718 EY &0 AFA T HE
£ 33l AW/ siA elAE a2t 2E WAS A
(& 6) =),

SeAH 12 oFE(Q=6.45), 3-Y ¥ 31(3.863), S
2 H(2.388) AN 7HE w2 SIS U, ol 3L
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(1.017), S413(1.009) 5 cHget 48 9 44714 porrt
23" & 7152 E B oo & EeiEe A 5
7174 (Urban Mixed-use Activity Zone) 22 HH35ict,
FoAH 3 wF Ao} o7t =24 7)50] FAl DHE F
4 F2E B3, ol et £ 792 2F W 97t 5 715
&(Transit and Leisure Mixed-use Zone) 2.2 W35}t v}
Agog, SoLH 4= TEFH(4.118)0] T8 S3= L,
WS W 5(0.751), 7HE/488H0.743)0) BRAH OB Fxsto] A
AU AS FARANYY F2E FABPAME A 74| A%
HoA o] B E2E AUL FAXQ 4L AL ol
£ Et2Ee AE F7 2 A" 53 71579 Low-density
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TE9HAE PURFI 5ol AR Aoz, QN
E iee] oftE X9t WAL, 1R SRl EE L
2 #3311 9lo] FA-35 FHARA L] F7 Fg0] s
=l B 5 71574 (Cluster 2)2 TGHAY, KT %
ARIAF, "G FUAE, TAIe 2 Fo] EAE Ao,
A Y FF AR|L 75| BASHL thdet §20] ASE0A
g 7|4k Al o] BekE EA] AT TR SAE B
wF 9 o7t 5 71579 (Cluster 3)2 BRIAKER, ‘A7)
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Table 6. Results of urban functional zone cluster classification

No. Urban function zone

29 7 4 0 28 II57 Jparmens
1 High-density residential &
educational mixed-use zone

Distinctive POI types

(Enrichment factor: 6.456),
Education & academic (2.388),
Green Spaces/Waterways (3.863)

Key characteristics

A densely developed area combining high-rise
apartments, green environments, and
educational facilities.

Finance & insurance (1.207),
Services & industry (1.132),
Multi-unit dwelling (1.017),

,  Mgsgjsno
Urban mixed-use activity zone
Restaurant (1.009)

A multifunctional urban space where daily life
infrastructure, commercial, and service-related
POls are concentrated.

nEY =g 7Ie+d
Transit and leisure mixed-use zone Finance (1 339)

Green spaces/Waterways (20.330),
Transportation & transit (9.352),

A spatially mixed zone where large-scale
transport infrastructure coexists with green and
leisure elements.

MY FA 3 4E =8l 7157
4 Low-density residential & local living
zone

Detached housing (4.118),
Home & living (0.743),
Education & academia (0.751)

A low-density residential district centered on
single-family homes and community-level
facilities.

38 7. BN 57 BAAE W A5
Figure 7. Urban functional zone clusters and validation
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Table 7. Descriptive analysis

Descriptive statistics ANOVA test
Category Variables
Obs. Cluster Mean  Std.Dev. Min. Max. F p
1714 M 11858 10468 0000  72.000
) 284 1 5616 6189 0000  39.000
auia fgﬁﬂ A 1,109 2 14378 10788 0000  72.000
Dependent variable Car accident 69 3 5899 8907 0.000 37.000
o 252 4 9.433 9036 0000 50000
ANOVA 75.82%%  <0.001
1714 M 10531 6.768 1750  49.800
284 1 14897 8.480 3186  49.800
cexz 1,109 2 10055 6.697 2942 45400
Road width 69 3 17780 10412 1750 44000
252 4 5915 1719 2644 12727
ANOVA 127.85"*  <0.001
1714 HA| 7615 3805 0000 32025
284 1 7.347 3661 0.000 24404
E2 EHEE 1,109 2 8183 3674 0000 32025
Road width
variability 69 3 6.958 6583 0000 22490
P 252 4 5.597 2580 1237 15676
R0l ANOVA 3499 <0.001
Traffic and
population 1714 M 10362 9572 0009 64954
faciors ] 284 1 6588 7006 0009 44127
=il %ﬁfﬁig 1,109 2 12240 9.787 0009 57669
LZ?E%?QS o gggtgesmn 69 3 8367 12609 0009 64954
252 4 6.896 7.697 0009 50195
ANOVA 4405  <0.001
1714 HR| 5.167 3364 0005 14916
284 1 4736 3239 0.005 13971
of 1,109 2 5.406 3279 0.005 14916
Population 69 3 0396 0740 0005 5105
252 4 5908 3239 0039 13118
ANOVA 6927  <0.001
1714 HA| 1.569 1458 0000 9000
oy 284 1 1.278 1420 0000  9.000
%ﬁg% ﬁéﬁiﬂon 1,109 2 1775 1485 0000 8000
environment 69 3 0594 0830 0000 3.000
faclom 252 4 1258 1294 0000 6000
ANOVA 26.29%*  <0.001

CHS HI0|X|0l| A (Continue on next page)
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Descriptive statistics ANOVA test
Category Variables
Obs. Cluster Mean  Std.Dev. Min. Max. F P
1714 XMy 6222 4498 0000  28.000
284 1 4209 3840 0000 20.000
o oS
Al 1,109 2 6972 4405 0000 28.000
Subway and 69 3 1217 1909 0000  7.000
bus station
23| 252 4 6460 4601 0000  26.000
aggel ANOVA 62.34™*  <0.001
Physical -
environment 1714 X4 12818 7655 0400 60786
factors 284 1 14785 7627 0400 59187
2N 1,109 2 12112 7837 0400 60786
Slope 69 3 14941 6096 3895 35607
252 4 13129 6720 0400 35084
ANOVA 1151 <0.001
1714 MY 2713 1174 0080 8629
284 1 2075 1236 0080 6918
s 1,109 2 2734 1016 0080 6463
Betweeness 69 3 1778 1297 0080 5262
2 yEs 252 4 3601 1083 1579 8629
29 ANOVA 107.75%  <0.001
Road =
—_1 1714 MY 1529 0137 1749 1948
factors 284 1 1446 0163 1149 1945
SRS HEm| 1,109 2 1539 0121 1154 1948
Independent Diversion
252 4 1606 0100 1302 1913
ANOVA 88.42"* <0001
1714 My 17593 11476 0088 69572
284 1 26546 12988 2542 68248
=X Rl 1,109 2 15567 9772 0659 69572
Greening
s 69 3 25618 14200 0088 62823
252 4 14222 9724 3364 67.130
ANOVA 103.34™  <0.001
1714 XMy 3687 1608 0247 14840
284 1 2464 1507 0384 8519
TN ZE AOF AKX
Visual Visual 1,109 2 3872 1554 0247 13073
landscape  obstruction 69 3 289 2138 0384 14840
factors index
252 4 4485 1593 0316 13129
ANOVA 90.10™  <0.001
1714 XMy 0934 0018 0372 0965
284 1 0933 0015 0849 0965
A= R
Color 1,109 2 0935 0010 0763 0965
?ﬂdtfopy 69 3 0918 0071 0372 0955
ndex
252 4 0934 0008 0898 00948
ANOVA 18.32"* <0001

#2001, #p<0.05, *p<0.1

44 "=ZE7AE, M0 Hes (2025)
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Cluster 1 - Accident Count Distribution Cluster 2 - Accident Count Distribution

‘Overdispersion Index: §.82 Owerdispersion Index: 8.1
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Cluster 3 - Accident Count Distribution Cluster 4 - Accident Count Distribution

Overdispersion Index: 13.45 Overdispersion Index: 8.66
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Car Accident Count Car Accident Count

13 8. S2AEE s e FX
Figure 8. Distribution of traffic accident frequencies by urban functional zones

1) 3&(High): Accident Count > u+ std YIEA 5 F8 EHF JFEHY oFoz 4d4E WolA=
2) ezt l;-‘z"%(Sub—I-I_igh)? pt0.5xstd<Accident Count<p  AEFE Bk 715+ v|uE 98], AL =52 YFgs)
+std o BIAER0 2 AAFALY (b)), +EE W ul&E AE
3) 57 (Medium): p-0.5xstd<Accident Count<p IHHIH 9(c). 1 A7, 4 L F-3A42 F4] A (Clus-
+0,5xstd ter 2)7} 7\“]‘?1_]5 FA 4 A DAY A G (Cluster 4)°14 i
4) 9F7F W&(Sub-Low): p-std<Accident Count=p FHO=Z &2 Alal =Fo] AL 53|, FAH 2004=
-0.5xstd Medium 44.3%, High 18.5%, 2¢&H 49A4% Medium
5) W2{Low): Accident Count< u—std 38.1%2 ESIT ols AY S| EstAY g =27 94

YA Al BEZE AASRE 27T 9a), A, 99,  E AQoA mEAl Afo] AHAoE 55 AR, v
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Figure 9. Spatial patterns of traffic accidents and box plots of accident frequency ratios by urban functional zone
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#, 3% FA 9 2% 34 A Cluster )3 35 9 o7k 34
A% (Cluster 32 HNFHO R e 70 Bug WYy &7
o] BE P EG A Kok, BEA WA ofE
& 377V H2te] ule} F3lo] Bk Y ARER 34
e AFol AR 1, FA- BE- LF-of7H 34
el ] eyl ol Halsisiet,
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1) XGBoost 28 7}

WEARAL WhAlo] JaFe vl W] A FAEE §rt
517] 13l XGBoost 28L& F=351%ch 23] dWist A% 2
HZ 913l Bayesian Optimizations 53 8lo]wuleiu] g 24|
B9} 5-fold WA A5-S 2833k B4 25, 24 7157+
¥ XGBoost 289] ZAAFR)E 0.578~0.716 HYZ et
Hom((RE 8 =), ol uEAH2023)2 A8A WAl B4 F
IHR*=0,52) B} 2 sFo|c}, o3t A B G 1y
o] 47 & ol oS 2439032 AXBEH, F4 SHAP
£ Ao ofigh FEI AY S FHg Ao g gk,

H 8. XGBoost 2& W7}
Table 8. Evaluation of XGBoost model

Model performance

Cluster
R RMSE MAE
1 05678 4418 2956
2 0.604 6.396 4850
3 0.703 4898 2972
B 0716 4893 3713
Cluster 1 Cluster 2
High-density residential & Urban mixed-use
educational mixed-use zone activity zone
— | F
—RE
—
/»gf... — —--~..,_»_-3:\.
”3./ / \'-\\_.u'.
."! % M‘-.
us'\\ /./_,cu

2 H+ E2% BN

XGBoost 23] SHAP 7+ &-8310] S| AE ¥ 7|9
L& AbE3LaL, gloj AES} uitj sz g A143et (1Y
10 F=), Hole] AEE 71579 ¥ o= FyHy 22
o} P xlojg FFH o2 HolFn, Fo Ko we} AlaL o
o] 71043k 2.9 FAJo] LR 02 Aolghe AlAlRITE Hul
Hoz ‘wE U AT ¥R Fawrt A Uehion, 48 7t
A AT Bk Bi-g 3P FAEE 7|S3 Yol £5T
blcii=g

FAZHoz Y FA4- B F4 AY(Cluster 1)ollAE AT
EHHIS(TCC: 2.74)°] 7FF 2 7|o=g Bglon, M4 &
d AR(CEL 0.23)9F 53] ARGV 0.21) FA AA| B
(0.18)2 4339t AL B3 AF(Cluster 2)o14E 54| 7]
$(GVL 1.50)7} B djy] 8,382 7Hg w9laL, =2 Z 54
(RWV: 1.59)3 WEEHUEHTCC: 4.88)% &2 FoEE 1}
eIt W% o7F B3t 29 (Cluster 3)2] 3¢ AEET0E
(TCC: 2.88), E2 & WEA(RWV: 1.76), ZAEE(SLP: 1.16)
7t 8 MR 2EEYoH, Alof 2 2]4x(VOL: 0,54)= B
o ojH] oF 3uj) & ghS 715313t vixute g, Al A A
Y 23} A (Cluster 4914+ 2E5-ZHRL(TCC: 3.33), =2
E HEHRWV: 1,98), A5HPOP: 0.96) £]o]| 2] Z|4=(GVI:
0.66)7} W tu] 3,74 &2 o2 Uelyth olegt ks
TA 715G 2t AR A& Z]1odske 291 o] Aolst
o], AR 7HA1F AT a4t B4 37 Ul w2 A9Ee
7H 4= 9l&-& AlARRHEE,

3) 20I1& SHEM ZIHEAX &B)

37] XGBoost-SHAP 42 $3|| ¥4 $RE7} Bt o4
S2 et 8 MeEE THOE, 75T 3017 R
Cluster 4

Low-density residential &
local living zone

Cluster 3
Transit and leisure
mixed-use zone

i

NNARS TR
-'-,.'!!!!IIII

JE0.5A 7 [s7eE S 5 AN
Figure 10. Results of urban functional zone feature importance
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