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Abstract

Electric kickboards have recently emerged as a form of personal mobility that significantly affects individual mability
patterns and transportation choices. In Korea, the increase in shared electric kickboard services, which began since
the introduction of Kickgoing in 2018, has rapidly increased the number of service providers and users. The production
of electric kickboards is expected to reach 300,000 units by 2024. The increasing interest toward electric kickboards
is attributable to their dockless nature, which allows them to be parked without a fee. As such, they are a promising
alternative to walking in the first or final leg of a journey before or after the use of public transportation. Although the
dockless feature offers advantages, such as flexibility and user satisfaction, it also presents challenges, including
unauthorized parking and property damage. Owing to the adverse effects of dockless systems on non-users and urban
environments, such as pedestrian obstruction and indiscriminate space occupancy, the necessary measures must be
implemented. In this study, factors affecting unauthorized parking incidents are investigated using electric kickboard data
provided by the Seoul Metropolitan Government. In the analysis, unauthorized parking cases are categorized into five
types: road, taxi/bus, bike lane, street, and pass obstructions. The data, which are aggregated by Jipgyegu units, are used
to examine the effects of various urban environmental factors on the occurrence and frequency of unauthorized parking
using a zero-inflated negative binomial regression model. Results indicate that towing services do not effectively prevent
unauthorized parking, whereas distance to universities, number of cafes, average road width, and number of crosswalks
significantly affect all categories of unauthorized parking. Moreover, the distinct influencing factors for each category are
identified, and specific methods are proposed to prevent unauthorized parking. The findings serve as fundamental data for
preventing unauthorized parking resulting from dockless systems, establishing designated parking areas, and managing
last-mile mobility zones.
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Table 1. Example of electric kickboard tow data
Report Date Gu location Address Type Action Date
2022-02-16 Gangseo-gu Banghwa-dong 217-156 Entrance to and around the subway station 2022-02-16
2023-05-26 Yongsan-gu [taewon-dong 5-40 Braille block, or the entrance to the elevator 2023-05-26
2023-06-16 Seocho-gu Bangbae-dong 1034-2 A taxi stand, or a bus stop 2023-06-16
2023-08-28 Seongbuk-gu  Anam-dong 5-ga san1-93 | feel uncomfortable, please get rid of this 2023-08-28
Source: Status of electric scooter tow in Seoul(2023.09.20.)
2 FFZ|HC 2ot A RY 72 X HIE(2022.01~2023.07)
Table 2. Amount and ratio of electric kickboard tow by type(2022.01~2023.07)
Type (Raw data) Amount (Ratio) Unauthorized parking type Amount (Ratio)
A road (separated from a sidewalk) 44,017 (54.76%) (1) Road obstruction 44,017 (67.17%)
A taxi stand, or a bus stop 4,566 (5.68%) (2) Taxi/Bus obstruction 4,566 (5.93%)
Bike lane 5,664 (7.05%) (3) Bike lane obstruction 5,664 (7.36%)
The center of the sidewalk 7,347 (9.14%) (4) Street obstruction 7,347 (9.54%)
Crosswalk, or walking trails 10,967 (13 .64%)
Braille block, or the entrance to the elevator 2,495 (3.10%) .
Entrance to and around the subway station 1,509 (1.88%) (5) Pass obstruction 16:393(19.99%)
Pedestrian entrance and exit of buildings 422 (0.52%)
Et cetera 3,301 (4.11%)
Area within 5 m of fire fighting facility 34 (0.04%)
Entrance with low building chin 31 (0.04%) .
A restricted section 16 (0.02%) (Bxcluded from analysis)
A stairs or handrails 7(0.01%)
Land bridge, or underground carriageway 6(0.01%)
Sum 80,382 76,987
Source: Status of electric scooter tow in Seoul(2023.09.20.)
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Figure 1. Distribution of towing points for unauthorized parking of electric kickboard (2022.01~2023.07)
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Table 3. Definition of variables and data source

Category Variables Definition Data Source
Road obstruction
Taxi/Bus obstruction . .
Dependent el ; ‘ Numbt;?r ofkt)owmg Icausg_dkb?r roadg:pbstrupﬂon / Seoul Open Data Plaza
varable Bike lane obstruction ’[a}[)(l /t ubs (t) st{uctL’on /bi f) atne(; stru?mn / (2023)
Street obstruction street obstruction / pass obstruction in Jipgyegu
Pass obstruction
Poli Towing service (Trial Trial implementation area of electric kickboard }
Ly implementation=1, No=0)  towing service
T e Average living population by weekday time Seoul Open Data Plaza
gpop aged 20 to 65 in the Jipgyegu area (only native) (2022.07,2023.07)
Average slope Average slope in Jipgyegu Natiopal Geographic
Residential 9 P 9 P Payeq Information Institute (2022)
Envrorment Riverside accessibility
i Shortest distance from the center of the Jipgyegu National Spatial Data
CIEERAY B Coessliny to the riverside / greenary / university area (km) Infrastructure Portal (2022)
University accessibility
. Land use mix in Jipgyegu
ECtEaTE (residential, commercial, business, and et cetera)
Residential faciliti Ministry of Land,
ESIRIEE RlITRS Sum of residential / commercial / business Infrastructure and Transport
Commercial facilities facilities floor area divided by the area of in (2022)
3 e Jipgyegu
Business facilities
Land use
characteristics POl mix Entropy of point-of-interests in Jipgyegu
Tour attractions Number of tour attractions in Jipgyegu
Restaurants Number of restaurants in Jipgyegu Kakao Map API (2022)
Cafes Number of cafes in Jipgyegu
Tuition centers Number of tuition centers in Jipgyegu
Intersections Number of intersections in Jipgyegu

Avg. road width (m)

Number of intersections in Jipgyegu

Road network Crosswalks

Number of crosswalks in Jipgyegu

National Spatial Data
Infrastructure Portal (2022)

and . - -
transportation Ttareungi docks Number of Ttareungi docks in Jipgyegu Seoul Open Data Plaza (2022)
environment Bus stops Number of bus stops in Jipgyegu

Entrance of subway Number of entrances of subway in Jipgyegu Kakao Map API (2022)

Public parking lot

Number of public parking lots in Jipgyegu
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Table 4. Descriptive analysis

Category Variables Obs. Mean Std. Min. Max. VIF
Jipgyequ area (km?) 15,631 0.0336 0.1868 0.0004 96990 &

Characteristics Total number of tow 15,631 413 1812 0 822 s

of Jipgyegu Number of tow types 6,538 179 1.03 1 5 -
Entropy of tow types 6,638 0.36 041 0 1 -
Road obstruction 15,631 276 1412 0 774 -
Taxi/Bus obstruction 15,631 028 184 0 103 =

E;?:Qggm Bike lane obstruction 15631 0.35 478 0 467 -
Street obstruction 15,631 047 234 0 129 E
Pass obstruction 15,631 027 158 0 63 -

Policy Towing service 15,631 0.30 0.46 0 1 1.07
Living population 15,631 268.33 680.33 0 37063.73 1.16
Average slope 15,631 31.18 19.56 1.06 90 1.26

Eﬁfiigi”;i'm Riverside accessibility 15,631 563 442 0.00 17.85 113
Greenary accessibility 15,631 143 077 0.01 492 1.03
University accessibility 15,631 187 126 0.01 727 1.09
Land use mix 15,631 042 038 0 1 1.39
Residential facilities 15,631 1.72 2027 0 236552 1.00
Commercial facilities 15,631 016 027 0 847 1.562
Business facilities 15,631 0.03 0.16 0 582 1.04

Cfgfa‘éfeeﬂsﬂcs POI mix 15,631 0.77 039 0 1 1.04
Tour attractions 15,631 0.05 0.51 0 41 1.16
Restaurants 15,631 1.10 318 0 91 276
Cafes 15,631 0.88 234 0 79 333
Tuition centers 15,631 145 448 0 126 1.49
Intersections 15,631 1.41 11.14 0 388 1.33
Average road width (m) 15,631 11.07 1020 0 70 1.13

Road network and Crosswalks 15,631 3.02 568 0 188 330

transportation Ttareungi docks 15,631 015 0.53 0 17 199

CROIRIEL Bus stops 15,631 059 134 0 39 201
Entrance of subway 15,631 012 0.68 0 18 161
Public parking lot 15,631 0.06 0.36 0 15 1.36
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MEA| FSZIHC RO XA QEE HeHQ0l BN
H5. E@ tHJ_J!— Unauthorized parking area of i R
- electric kickboard %
Table 5. Model Comparison Sre |- Roe coutmtion 7 ———
= Seogyo-dong
l.Og \I_f/ Seocho-dong
Type  Model . it o AlC BIC a ) | et
Dl
POISSON 75069 150,187 150371 . g e
i NBREG 23183 46417 46609 544 fn’
ZIP 51780 103658 104,025
ZINB 22530 45158 45533 244
POISSON  -10477 21000 21,184
NBREG 6,699 13386 13578 575 e
@ — L .
ZIP 7,641 15378 15746 4 e A
- N Tt 100
ZINB 6,316 12731 13106 259
POISSON ~ -14750 29865 29,749 ~181 2. X% Soll R S7H 22 2 22 X
Figure 2. Spatial distribution of road obstruction
- NBREG 5,143 10336 10528 2260
ZIP 8272 16640 17,007 t} ol oA A7 Count ZHAA 9+ BAR &
ZINB 4,948 9999 10369 706 H A A=Y, A7 B2 A QoA TAYsE A=
POISSON  -15,886 31,819 32,002 £ AFZRE o]gAto| gzt ekAy} vlo]&x}o] Fafo] &
@ NBREG  -10009 20067 20258 540 HE 2T 4 9loua 28 AHPA AL F4o2 AFZRE
ZIP 11,627 23349 23717 TR A7, AR Y A 59 Wit ulgo] Wa g Aol
ZINB 9,729 19557 19932 280 iRt 2 wFeE £/499 7%, Count ZF A FdHE
POISSON  -10372 20792 20976 F, FIF = Y B4, HE =2EL ()Y T4,
NBREG —6,71? 13.484 13,675 556 Logit E—@ Oﬂ}"] 3@11:_]- EE‘)!:-Q]' %‘ﬁ‘%‘i}%" 7“‘4:71' ”1%‘(_)9'] 31{!'7&“
5 i = a2
®) ZIP 7694 15,484 15,851 £ 7k= Z1o 2 et &, Ak )] Qlo] AR T et F
ZINB 6,462 13023 13398 245 AEAA N7 Bt FAAke] A Sl wzof o5k v

POISSON: Poisson regression; NBREG: Negative binomial regression; ZIP:
Zero-inflated Poisson regression; NBREG: Zero-inflated Negative binomial
regression
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Table 6. Analysis result of zero-inflated negative binomial regression by type

Category Varables Road_ Taxi-Bl!s Bike Iar_\e Street_ Pass_
obstruction obstruction obstruction obstruction obstruction
Negative binomial regression coef. z coef. z coef. z coef. z coef. z
Jipgyeguarea (km? 0000 000 -0000** -243 0000 128 -0000 -078 -0.000™* 314
Policy Towing Service 0362** 786 0113 139 0229 144 0342 477 0096 1.12
Living population 0000 212 0000* 169 0000* 200 0000 038 -0000 -0.71
Average slope -0003* 245 -0004* -177 -0014™ 255 -0002 -092 0002 1.30
Eﬁjiigi”nﬂg'm Riverside accessibility -0.000*™* 681 -0.000™* -300 0.000™ 197 0000* 399 0000 019
Greenary accessibility  0.000 009 0000 275 0000 221 0000* 268
University accessibility -0.000** -9.82 -0.000* -2.58 0.000** 297 0000 062 0000 018
Land use mix 0118 -164 0188 138 0561™ 241 0577 562 0513 348
Residential facilities ~ 0.003* 229 0003 134 -0042 -053 0002** 260 0003 105
Commercial faciliies ~ 0.661** 634 0706™ 488 0214 087 0141 108 0349* 177
Business facilities 0564** 410 0226 112 0518™* 366 0272 136
Cfgfa‘éf:rjsﬂcs POI mix 0136™ 259 0423™ 340 -0263 -142 0152 162
Tour attractions 0024 069 0044 108 -0039 -032 -0036 -079 0077* 186
Restaurants 0002 -022 0001 009 -0008 -039 -0.000 -001 -0005 -0.42
Cafes 0057** 437 0035™ 228 -0000 -002 0055 378 0.050™* 313
Tuition centers 0011** 262 0005 113 0020% 233 0014*™ 272 0004 065
Intersections 0001 -056 -0001 -076 -0005 -128 -0.010** 508 0000 0.05
Avg. road width 0007 299 0019™* 488 0026™ 478 0015 490 0015™ 3586
Road network ~ Crosswalks 0.055** 1013 -0.004 -053 -0001 -006 0027 446 0002 025
?rgispo ation _Ttareungi docks 0039 -005 0303* 597 0406™* 459 0154 353 0269™* 539
environment  Bus stops 0002 -011 0119™ 501 -0054 -123 0009 045 0016 070
Ent. of subway 0037 131 0023 073 0043 071 0038 123 0301™ 827
Public parking lot 0251** 468 -0074 -1.17 -0199* -191 0.160** 270
constant 1233 1247 -1445™* 656 -1.432*™ -393 -1650**-10.30 -1.603** -013
Logit inflation model coef. z coef. z coef. z coef. z coef. z
Jipgyegu area (km?  -0.000** 797 -0000 -028 0000* 245 -0.000** -501
Policy Towing service 0A472** 578 0550 -416 -0452** 291 -0189 -149 -0392** 302
Living population 0000 013 0000 069 0000 014 -0.000** 287 -0000 -0.99
Average slope 0010™ 510 0004 104 0013* 235 0004 110
zﬁ\?iigiﬂr%t Riverside accessibility 0000 022 -0000* -170 -0000 -106 -0000 -015
Greenary accessibility -0.000** -252 -0000 -076 -0.000 -001 0000 029 0000 086
University accessibility 0.000** 7.60 -0.000 -0.63 -0.000™ -255 -0.000** 374 0.000™ 219
Land use mix -0.669** -437 0131 065 -0225 -095 0082 037 0084 036
Land use Residential fac. -0258** 661 0000 011 0058 080 -0.173** 300 0003 039
characteristics  commercial fac. 0248 -088 0108 049 0998** 315 -0688 -162 -0674 -136
Business fac. 0290 -090 -1.067* -1.86 0224 074

Continued on next page
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Logit inflation model coef. z coef. z coef. z coef. z coef. z
POI mix 0146 078 -0269 -158 0076 064
Tour attractions 0029 -006 -0127 -037 0061 032 -1067 -129 -0464* -165
tﬁgfa‘éfgﬁsﬂcs Restaurants 0016 -033 -0013 -034 0014 -035 0048 114 -0022 -058
Cafes 0124* 200 -0.146™ 235 -0127* 233 -0067 -1.14 -0079 -142
Tuition centers -0.082% 251 -0126™ -373 -0051* -197 -0.052 ~-1.31 0006 023
Intersections 0007 -082 -0005 -051 0001 005 -0.008 -056 -0.042** -303
Avg. road width 0004 -081 -0005 -078 -0027** -445 0001 015 0003 049
Road network  Crosswalks -0.389%* 1306 -0.138™* 511 -0.143™* -538 -0.248™* -811 -0227™* 834
tar’;‘rjlspmaﬁon Ttareungi docks 0115 057 0145 085 -0353* -198 0050 025 -0194 -1.16
environment  Bus stops 0099 -130 -1289™ 911 -0042 -048 0142* 171 -0136* -177
Ent. of subway 0480 -149 -0889** -333 -0460* -206 -0731* 204 -2768** -351
Public parkinglot ~ -0488* -194 -0371 -158 -0068 -028 0097 040 -0300 -148
constant 1688 869 2360 711 2574™ 693 2363** 732 1776™ 891
Obs. 15,361 15,361 15,361 15,361 15,361
(Nonzero, %) (5263,3367%)  (1,544,988%)  (920,625%) (2382, 1524%) (1,581,10.29%)
Log likelihood -22537.72 -6316.455 -4952.902 -9737.76 -6471.075
LR chi2(21) 167742 561.67 29819 853.87 572.38
Prob > chi2 0 0 0 0 0
AIC 45167.48 1273091 10001.8 19560.52 13030.15
BIC 45519.70 13106.10 10369.34 199294 13367.06

*p<0.1 %p<0.05 **p<0.01

Unauthorized parking area of
electric kickboard
Type 2: Taxi-bus obstruction

Bongehen—dong
Sinrim=dong
Daschi-dong
Samssong-dong
‘Yagksam-dong
Yangjae-dong

Hapjaong-dang p

Jayang-dong

' p 25 B

33 3. HA|-HA el R BT EE H F£2 XS
Figure 3. Spatial distribution of taxi-bus obstruction
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Figure 4. Spatial distribution of bike lane obstruction
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Figure 5. Spatial distribution of street obstruction
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Figure 6. Spatial distribution of pass obstruction
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Appendix _ Table 1. Monthly unauthorized parking incidents by ‘Gu’ administrative district

2022
Gu
1 2 3 4 5 6 s 8 9 10 11 12

Gangnam (Z) 346 336 313 376 390 383 355 365 338 473 525 13
Gangdong ZS) 42 93 129 90 149 82 57 116 103 16 61 79
Gankbuk (&%) 29 11 58 62 56 72 136 136 131 140 52 74
Gangseo (ZA) 206 236 286 281 285 165 196 206 237 163 98 152
Gwanak (2 327 246 289 284 273 291 134 94 63 38 43 159
Gwangjin (BZ)) 516 606 508 0 0 0 0 28 53 44 39 27
Guro (&) 1156 65 109 99 73 55 56 20 24 0 0 0
Geumchon (%) 0 0 0 0 0 1 0 0 0 0 0 0
Nowon (=8) 129 101 123 81 b6 116 0 125 258 168 79 158
Dobong (=) 121 472 86 127 149 195 237 14 137 142 48 87
Dongdaemun (SHE) 103 132 163 130 365 293 501 465 458 220 69 36
Dongjak (S&f 232 184 249 342 327 262 228 227 247 101 90 160
Mapo (OFE) 689 646 666 573 557 328 296 291 293 286 283 306
Seodaemun (AMCHR) 91 89 93 77 89 a1 23 54 141 92 a8 92
Seocho (M%) 296 669 522 307 239 260 286 215 370 216 323 367
Seongdong (45) 198 266 282 192 319 402 566 714 289 262 293 398
Seongbuk (4) 44 29 70 82 64 65 46 73 94 80 26 25
Songpa (&) 432 368 414 421 423 47 450 510 427 263 278 282
Yangcheon (Y7%) 1561 76 1562 104 96 45 15 8 7 6 19 2
Yeongdeungpo (¥S%) 235 229 289 251 341 297 288 409 486 269 251 280
Yongsan (84 200 180 184 174 179 198 229 2563 253 249 147 220
Eunpyeong (2%) 103 39 15 7 7 47 35 22 20 1 0 0
Jongno (B&) 74 65 75 48 b2 60 116 84 84 8 12 65
Jung (&) 138 203 125 116 105 81 62 108 107 16 33 116
Jungnang (%) 35 19 101 74 176 164 423 309 357 87 42 28

4862 4930 5291 4298 4770 4370 4736 4948 4977 3330 2909 3526

Continued on next page
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2023 2022.01~2023.07
o 1 2 <] 4 5 6 7 Sum Mean. Std. Min Max
Gangnam (Z=) 432 404 377 343 396 313 356 7224 380 52.04 313 525
Gangdong (&) 94 85 69 96 100 106 116 1,683 89 3014 16 149
Gankbuk (Z%) 54 107 58 72 88 50 94 1,480 78 36.37 11 140
Gangseo (ZA) 173 172 172 185 215 208 213 3849 203 4707 98 286
Gwanak (2 125 113 186 270 268 309 287 3799 200 9628 38 327
Gwangjin (ZZ) 36 116 41 86 75 167 107 2438 128 18522 0 606
Guro (72) 1 0 0 0 3 0 6 626 33 4041 0 115
Geumchon (H) 0 3 2 2 0 0 0 8 0 088 0 3
Nowon (&=#) 127 183 163 64 176 151 154 2402 126 5510 0 258
Dobong (=&) 52 84 120 107 213 164 120 2362 124  51.54 472 237
Dongdaemun (SH2) 58 78 85 84 102 135 253 3710 195 14539 36 501
Dongjak (5%} 173 136 170 202 260 260 287 4132 217 6708 90 342
Mapo (OF%) 240 1256 294 306 324 310 312 7125 375 15816 125 689
Seodaemun (ACHE) b4 21 53 75 65 111 129 1,538 81 30.19 21 141
Seocho (M%) 379 442 415 334 267 300 295 6502 342 10840 2156 669
Seongdong (45) 212 107 498 350 660 346 227 6480 341 14854 107 714
Seongbuk (A=) 43 64 72 74 83 114 118 1262 66 2630 25 118
Songpa (&1 303 175 97 378 427 447 462 6974 367 10385 a7 510
Yangcheon (&) 12 9 11 7 15 13 8 756 40 4880 2 152
Yeongdeungpo (BS%E) 160 62 185 3056 402 443 462 5644 297 10520 62 486
Yongsan (84f) 135 112 237 391 351 338 336 4366 230 7509 112 391
Eunpyeong (2E) 0 0 0 0 0 0 0 296 16 2530 0 103
Jongno (E&) 58 65 74 82 88 63 99 1,272 67 2522 8 116
Jung (&) 72 98 108 94 81 114 126 1902 100 3890 16 203
Jungnang (%) 5 21 115 150 143 159 144 2552 134 11402 5 423
Total 2998 2771 35692 4066 4708 4,601 4710 80,382 = = = =
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Appendix_ Table 2. Monthly unauthorized parking incidents by type

Road Taxi-Bus Bike lane Street Pass

Sants Obstruction  Obstruction  Obstruction  Obstruction  Obstruction S s
22-01 1,300 931 0 3556 2,205 61 4,852
22-02 1,436 959 b 312 2135 83 4930
22-03 1819 906 88 346 2,000 132 5,291
22-04 3,357 32 525 159 148 7T 4,298
22-05 3,774 46 561 123 161 105 4,770
2206 3,446 42 540 114 137 91 4370
22-07 3409 a7 554 270 351 104 4,735
22-08 3617 41 581 243 338 128 4948
22-09 3,782 49 508 270 280 88 4977
22-10 2,096 66 236 359 262 311 3,330
22-11 1,633 89 223 347 304 413 2909
22-12 1,840 137 298 320 509 472 3,626
23-01 1518 101 166 501 340 372 2,998
23-02 1,640 73 168 361 330 199 2,771
23-03 1,831 204 200 376 917 b4 3,692
23-04 1679 191 186 752 1,078 180 4,066
23-05 1971 193 157 904 1,238 245 4,708
23-06 1943 244 356 592 1,280 186 4,601
23-07 2,026 215 312 643 1,380 134 4,710
Total 44017 4,566 5,664 7,347 15,393 3,395 80,382

120 "SEAS, M5 MRS (2024)
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