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An Analysis of Locational Characteristics and Influencing Factors of
E-scooter Parking Facilities in Seoul According to Towing Rate Changes
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Abstract

As the transition toward a carbon-neutral society accelerates, the use of personal electric transportation devices, such
as e-scooters, has been rapidly increasing. However, despite the provision of parking facilities and towing policies, illegal
parking remains a persistent issue in Seoul. This study seeks to categorize e-scooter parking facilities based on changes
in towing rates and to identify the locational characteristics of each type, as well as the factors influencing increases or
decreases in towing following the establishment of parking facilities. The key results of the study are as follows. First,
e-scooter parking facilities were classified into three categories: decrease in towing, increase in towing, and no significant
change in towing. Second, significant differences were observed among the categories of parking facilities across
eight indicators, particularly those related to road characteristics. Third, facilities categorized as "decrease in towing”
were primarily located in areas with favorable road environments, such as neighborhood centers; “increase in towing"
facilities were concentrated in areas with poor road conditions, such as single-house residential neighborhoods; and "no
significant change in towing” facilities were found in central areas with a high accessibility of traffic networks and public
transportation. Finally, the effectiveness of parking facilities in reducing illegal parking was limited in areas with fewer bus
stops, fewer crosswalks, and a higher concentration of single-family housing.
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Figure 1. Research flow
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Table 1. Selection of location characteristics indicators
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Table 2. Detailed description of location characteristics indicators

Category Indicator Description Data source
Annual total of living population of 2030 age group within Seoul Open Data Plaza
Usage NEHBCr T ety 250x250 m grids (people) (2023.7-2024.6)
Single-family housing  Total floor area of single-family houses within 400-meter Ministry of the Interior and
density radius (m?) Safety (2024)
Multi-family housing ~ Total floor area of multi-family houses within 400-meter Ministry of the Interior and
density radius (m?) Safety (2024)
Commercial facility Total floor area of commercial facilities(neighborhood livin Ministry of the Interior and
density facility, retail, accommodation) within 400-meter radius (m Safety (2024)
Land use Business facility Total floor area of business facilities within 400-meter radius ~ Ministry of the Interior and
density (m?) Safety (2024)
LUM® of residential, commercial, industrial, and green zones
within 400-meter radius Ministry of Land,
Land use mix index LUM=—2P; X In (P,; )/1n (K) Infrastructure and
Pi : Area ratio for land use type i K : Total number of land use Transport (2024)
types
Average slope Average slope within 400-meter radius (°) éeéj;?l’)Open Gata Plaza
Accessibility  Distance to park Shortest straight-line distance from parking facility to Seoul Open Data Plaza
park (m) (2023)
Number of living SOC  Living SOC within 400-meter radius (count) éeé);i)Open Deta Rl
Distance to nearest Shortest strmght—lme distance from parking facility to Rail Portal (2024)
subway station subway station (m)
Distance to nearest Shortest straight-line distance from parking facility to bus Seoul Open Data Plaza
bus stop stop (m) (2024)
Number of bus stops ~ Bus stops within 400-meter radius (count) (8265)2%0%” Bdta Plaz
Transportation —— o peev— .
umber o ; e : : inistry of the Interior an
subway entrances Subway station entrances within 400-meter radius (count) Safety (2024)
Subway ridership Annual subway boardings and alightings within 400-meter Seoul Open Data Plaza
radius (people) (2023)
Number of i o } : Seoul Open Data Plaza
ttareungyi racks Ttareungyi racks within 400-meter radius (count) (2024)
Nmberiaf Crosswalks within 400-meter radius (count) scolll Gpen Datablazs
crosswalks (2023)
National Spatial Data
Road Average road width Average road width within 400-meter radius (m) Infrastructure Portal
(2022)
Number of : e } : Seoul Open Data Plaza
R e Intersections within 400-meter radius (count) (2024)
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Figure 3. Dendrogram using the ward's linkage

Table 3. Result of ANOVA by type

Category Type 1 Type 2 Type 3
Num 77 31 iTf
Avg -62.26% 105.66% 271%
F 543 639*
Sig. 0.00

*p<0.01

HufR] BAHEA S AJSPsigleh, fofst B TESY U
‘EXolg T, ‘FY7A| 2 A, ‘AYSOC i, MARF
AN, whaol A A, WHEE g, Wit 22 F,
WAR ¢ F F 9NE JebitH(Table 4 #2), 284
scheffe AFFHZNA F97HA1Q AelE 59 7t Hulgt 2}
o7} WALA| @gko v 18719 XE F 877t BAH LR §
ofgt 2}ol& 7HAlE= A& YERGtH(Table 5) F=X).

38 7t Aozt e b= A #E F40E S 498 ¢
ANEAE AHEY, EXolg EA SHoiE UERY Ux,
‘EX|olg FFE7} F23t Aol 7HAl= AoE vyt o
S5 U= A9 S7F 580lA 93,978.07m’ 2 LiERY AQ)
74 738(47,439. 16m")3 A1 ¥E} vju]’ 5-3(52,806.27m’)
off ula] oF 28] &2 o2 vehdal, HH BH57,471.45m’)
Bk ol ‘AQ A’ 43L& AdHos dEFeo] Ut
Agog AT 4= ek, ‘EX ol g Tt A SV 780l
A] 04022 Wokar, 7491 Wiz} vlu) oAl 0.59% HA| ¥
H0.53) ek 27k E9kh, olof ‘A ¥t ulu]’ §32 A3
° 2 thefst AlAlo] BE3tE gl Ao sae <= Qlrt,

A4 BA SHelXE AFsoC Aol feldt Aol
7= Aoz Yehgt ‘APRSOC N4's ‘Al 722 G304
817702 7 A3 A F7F FFelA 12,1702 B2 AR

162 "=EAIE, Me0d Mi5= (2025)

‘® Type 1 (Decrease in Towing)
@ Type 2 (Increase in Towing)

@ Type 3 (No Significant Change in Towing)

3
.. .l

Figure 4. Classification of e-scooter parking facilities

Table 4. Result of ANOVA

Category Indicator F Sig.
Usage Number of users 0.802 0.450
Slnglgfamily housing 8754  0.000
density
Muitl_—famzly housing 0,043 09583
density
Land use i ili
Commercsal facility 0573 0565
density
Business facility density ~ 1.905 0152
Land use mix index 4013* 0020
Average slope 1720 0182
Accessibility Distance to park 3343 0038
Number of living SOC 5412 0005
Distance to nearest
subway station HZe8 R
Distance to nearest bus
stop 0.447 0.640
. Number of bus stops 5436 0005
Transportation
Number of subway 2498 0.091
entrances
Subway ridership 0818 0443
Number of ttareungyi 5397  0.006
racks
Number of crosswalks ~ 4161* 0017
Road Average road width 4827 0012
Number of intersections 5865*  0.003
*p<0.05

vepiteh, olell Al Z7F S8 S Heli o] g A9y
& %49l
WE B4 ZHAE WAGRY A, Thgo] AN A%
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Table 5. Result of scheffe test

Indicator Type (1) Type (J) Mean difference (I-J) Sig.
Decrease in towing Increase in towing 645,612,183 81 0.667
Number of users No significant change in towing 633,007,731.72 0.508
Increase in towing No significant change in towing -12,604,452 09 1.000
Decrease in towing Increase in towing -46,53891* 0.000
Sgwn%gamily ot No significant change in towing -5367.11 0.826
Increase in towing No significant change in towing 41,17180% 0.002
Decrease in towing Increase in towing -1,31135 1.000
32;,‘:2;{? ey No significant change in towing -15,373.29 0962
Increase in towing No significant change in towing -14,061.94 0982
_ - Decrease in towing Increase in towing 56,112.35 0758
ngr:T;;"tr;ercm Ty No significant change in towing -24,454 31 0912
Increase in towing No significant change in towing -80,666.66 0.565
Decrease in towing Increase in towing 127,258 50 0.185
ggrslg]jteyss fagliy No significant change in towing 67,378.16 0.437
Increase in towing No significant change in towing -59,880.35 0.687
Decrease in towing Increase in towing 013 0.146
Land use mix index No significant change in towing -0.06 0.526
Increase in towing No significant change in towing -0.19* 0.020
Decrease in towing Increase in Towing -084 0316
Average slope No significant change in towing 017 0922
Increase in towing No significant change in towing 101 0191
Decrease in towing Increase in towing 7194 0.146
Distance to park No significant change in towing 6350 0.074
Increase in towing No significant change in towing -8.44 0974
Decrease in towing Increase in towing -396* 0.011
m?;bgégf No significant change in towing 231 0.068
Increase in towing No significant change in towing 165 0.453
Decrease in towing Increase in towing -1.69 1.000
Egigi;%way station No significant change in towing -28.29 0818
Increase in towing No significant change in towing -26.60 0.903
Decrease in towing Increase in towing -7.89 0.643
Egg;?ih% stop No significant change in towing -278 0.909
Increase in towing No significant change in towing 511 0.831
Decrease in towing Increase in towing 1.58 0.380
Eﬁ;ﬁg;gf No significant change in towing -192 0.085
Increase in towing No significant change in towing -350* 0010
Decrease in towing Increase in towing 181 0.123
S&&%irggtrances No significant change in towing 0.04 0998
Increase in towing No significant change in towing 177 0134
Decrease in towing Increase in towing 3,404,189.71 0.453
Subway ridership No significant change in towing 580,766.47 0.960
Increase in towing No significant change in towing -2,823,42324 0579
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Indicator Type () Type (J) Mean difference (I-J) Sig.
Decrease in towing Increase in towing 33.36* 0014
ti\::rrgt?r?gr;;fracks No significant change in towing 2045 0.059
Increase in towing No significant change in towing -12.89 0521
Decrease in towing Increase in towing 1484* 0018
Number of crosswalks No significant change in towing 314 0726
Increase in towing No significant change in towing -11.70 0.080
Decrease in towing Increase in towing 226* 0012
Average road width No significant change in towing 0.58 0.591
Increase in towing No significant change in towing -168 0.086
Decrease in towing Increase in towing -067 0.686
Number of intersections No significant change in towing -199* 0.004
Increase in towing No significant change in towing -132 0.237

*0<0.05

oA FeJgt ApolE 7Hxl= AR Yeyit AR A
+ A F7F §FlA 13,6872 Rot s HIAdo| =
gk 2| Folw, ‘el W3} vjo]’ {4 17,187} = ot tiFus
o] A4JstE 2oz AT = i}, wEo] A A=A
A AL FHolA 82.09702 Bken AU SV FAolA
48,7712 A2 Z o2 ettt AX B2(67.997), BA BE
HAH54.2170) 52 2 o, ‘ZAQ] AL F3-2 AA| ExoA
T M7t B2 Hof| 3iFsto] AR oz Ff wEet ool
2R A9 Aoz AT 4= Qi

2 B4 S FEEE v, ‘Bd E2 & ‘wAE
oAl frolgt zolE 7HRe Aoz veikit), ‘FdiE 7
e A A {3 A 66,2670 =, A F7F 7-3(51.427H)
Hot gon] iAoz PRt 7t Gob wFeo] g
AHoz A 4= Qlot, ‘Bt =2 FL A A4 734
9.00m= i ‘A F7F F3olA 6.74mE F2 AC=Z E
sk A A 582 AA) HHB.38m), A BEHA}
(3.60m) & 312 W AA| BEEAAE & ol P,
Ao Bt =& Fol Yo AT =3 S 7 A 9Y
& ¢ & Sinh wA= Vs A Aa 730lA 7.977= A
3L ARl Wik ujuf” /oA 9.96712 B2 ALE ey
((Appendix) F=).

o] 74 duE uigto s 5 ARIEAS FI8HA, He
e 73 A3 22 3L 2E 27 FAHAY sS4 7
A A, A F7F 732 £2 o] dofstal diFulE A
Jo] B& 5T E4E 71 A9, ‘A ¥t oju)’ 53
2 wFFo| Wil giFus Aol d3d FARY 4L 7}

A AU & 4 AT

164 =75, ®e0 HM5E (2025)

3. MSZIEE FAAE e SR &S

WS AUFHE UE FAAA fFolH, SHHsE AL
TS B3l 3 Ao mEE YAEA NRER B4
qct A9 A §EE FRWUFR Fol FAA 249 At
7 Vbt RIS it &, ‘ARl S7FE FRSE Fol
Al Wizt vju) §g1to] vlug e 24 Al s 2 ¢
AE4E wetslsict, o 22 SR By fojgkg
20.0002-2 FA0f] 33t A0 2 Yehtrh((Table 6) TE).
TEFY U YYUSOC 7, AT A, mEol
A N, WEEE g, wAAR e F F 6719 YRS
A AR7 AASHE 78 TR fo% TS FE ARY A
o= vt JUSOC M7t B2 (ExpP)=1.128), H
257 7t A&rE(Exp(B) =0.897), ATEE 7t 4
S5E(Exp(P)=0.964) FAAE 24 o]F ZARlo] A2 gE
B} $71% o] ¥tk whdol A vt A&es
(Exp(B)=0.990), BTEE 757t A5 (Exp(B) =0.981), it
A2 7t BEFE(Exp(B) = 1.181) FAA 24 o|F A<
o] Zag grErct Wshy} v FEo] ¥oitt gEFd U

Table 6. Goodness of fit tests of multinomial logistic regression

model
- pcighntio Likelihood ratio test
-2 log likelihood Chi-square  df p-value
Null 380.732
Final 316.869 63.864 16 0.000"*
#k0<0.01



ZUISLE ME MEBA FSZEE FIIALS| Rd YUXIEY A IRl 24

=7} BE&+E(ExpB)=0.916), HARFH et BerE
(Exp(B)=1.162) FAA 24 o|F ZAle] F71517| B} Q1
g W7} ulu|d ghgo] wth BAPFE e YdRE
ME A Ao T2 £ W) B4 A 71X 43L&
BE foaH FEt AUSAE 9L FE= F8 A#
L2 YETH(Table 7) F=2).

1) 42 24 RYo| FxHLY mie| FEe?!

AESOC /N7t B&rs FAAA 24 o F Ade] ast
7|5t 37K BE0] w2 o2 Ueith BYSOCE °1%
Zpe] Mg i Halst g1 EEE Sl A el AdE
E33ete] 2EcHAUA - A9E, 2022). Bf AFLHEE
A olgrrozA i BH WALt o TS FHAl
7]3(h], 2023) ThFst HOJAE R O] A o)F<4hof A
FN= QI 9, 2021) B3, #A) 249 A5HREF
AL olet T2 o] § £ 5 FF3A) ZIAL e 2o 3
A 4= ek,

AT et ALeE T 24 o F 7] 37t
T g8 2 7oz ENEg HARRA et Ho
o8 7Fsdt lnAlo] A5 A {79 7H4o] Ak AL Yuiat
Lotk o] A, 2024), o|HY tFuE HAo] &S
FolA PM2 EAA|7IA] Q] Heldt o5 93 &2 o188
£ Holu2RH)e 9, 2022), W& HAo] "ol EojlAl
AFLRELE A RFSFTO2ANY £07 wouf A 38
gt FApA A 0] 2AE|R] ghot Alo] 1% A Y-S & 4= Atk

5ol AR ATt AL4E FAAE 244 olF A Wt

Table 7. Result of multinomial logistic regression model

Decrease in towing vs

7} v)uj@ gl ¥2 202 Yelgdl, FHAEA AXdE
AR Eo] PPFALG 02 ARBEY| = 31 F3gof] EHS
F= AU AR o]oR|R] o 7FeAdo] E AR Bt} A
A 35 FFURES] 3 1A LYo upFo] FFAo] ZFE
o] glomj(etcle- o] At 2024), F-GAHAL] o] fo] Hke
ox AFZRES o8& WrHIYIA 2, 2022). ol Wl
A AFZRES] WEFATY F SpE AHA AXY7E 43
Qlzat QlTo A Ae] ZAaE £ S AAKE
Ao 2 oyt

AARE Je7t AEeE FAAAL 24 o)F Aglo] ZAast
7|8} Z7FtAY HE} uu|@ BEo] w2 Ao el
ol YR ES} Al ¥ g Zerthe APAHAEH-
0]4=7], 2024; etk o]k, 2024)9} == 2l Axfely), Jck
BHE 7} ot S3fo] E4% A 9L 35207t Hot 3dE
I} 380 w& & JloH(Qith2- 0|78 2024), ATRET}
e ZoMe Ao FP7tsdt 29 Hoprt A =2
g 3] o2 ¢-nz BigAHo| obdof: 3T FAAER
9] A Bl Bk HAE FEo] Stk AR FHE + 9
cHelsel, 2025).

WALR A7t BEE FAAA 24 o] F Q] #E) v
& 80| B2 A= eyt a2 FE A5F U 5
o] W2 3of fJA)sh=tl, olMH Al Ko FaEFo
ol T3t wa2efME B £ 53 EHE o713k
FAAdo] 2AE] SlSollE Q) Ala7t X &Aoo R o]FA|
= Aoz Holog(o]dg ¢, 2022), F7HHY S A

Decrease in towing vs Increase in towing vs

: = : no significant change in  no significant change in
cmegow Indicator Increase in towmg towing towing
B Exp(B) p-value B Exp(B) p-value B Exp(p) p-value
Single-family "
; 22 0074 1077 0164 -0013 0987 0778 -0087 0916 0095
T — housing density
Land use mix index 0003 0997 0997 0965 2624 0107 0968 2633 0237
Accessibility Number of 0120 1128 0012* 0052 1053 0136 -0068 0934 0118
living SOC
Number of bus stops 0109 0897 0083 0041 1042 0262 0150 1.162 0016
Transportation -
g‘é'[(';ber ofttareungyi 5319 0988 0223 0010 0990 0035% 0001 1001 0887
Number of crosswalks ~ -0.036 0964 0.008** -0019 0081 0029% 0017 1017 0205
Road Average road width 0012 0988 0910 0041 1041 0590 0053 1064 0617
Number of intersections ~ 0.139  1.149 0170 0166 1181 0008** 0027 1027 0791

#p<0.1, #p<0.05, **p<0.01
Nagelkerke R*=0.335
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EHT} Hsp} oo BHEo] 2 20 et AFZEE
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2H(ZA G ¢, 2022; BEH-0|57], 2024: Qh2-o|FE,
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$E FA) 2AE FAA0] A i B3} gl Z0R 3
A £ gleng sARYRA e FAAAE 24 A% A%
ol YL 71A= F4 8o woE ek FAAA
F7t 24 Al BAR TR A S Aol aE & UEE A
Aol dagh Aoz woEr

V.2 E

& g A U 2AE JEHEE FAANEE AYT
B0l met e, 8 YASA 2 FFIE EE3e
ZAOE A5 F3 dobdl A¥h= vt 2

A, AFHHE FAANEE AUSHE n2t A ST,
A A, ] A ) F A 7] Rl FEE 4 UM
A, A A [0l Sk FAAEC] A FUF ABEG
B J08 e AFZEE FAAEY 240] Fk A4
FAE gaAA B3R A6 382 7S AL 22
Bels}airt.

A, YASAH AR 3 E=55Y UK, ‘EX|olg S, A
FSOC 7+, AR 7, wheol AA e, FeEE

166 "=EAIE, Me0H Mi5= (2025)

e, Bt B2 F, WAR 5 § W FEHEE FAHA
A f8 Al ol Aeg Yepyfon, 53| =2 E4 &
# 2o w2 73 Tt Aol 7H FEIA|A e

AR, AJNSHEN e FAANE 8 AY F4L =S5
Gl A AL 7S GEFE UETF WAL AESOC | 1
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opxjaro g, FAAE 9 Ul AR FERE e
7t AZas 249 FAAE] 2 FA WA o s £t
figlo, @SFER] YErt 520S FAAE 24 olF=
0] F7HE BEC| T2 A= YEyT,

ATE B EET AR o Ao A, WARRA,
RFHEE, 050 AR 5o] &S Ao Aasia 9=
A0 UEFon g 5Py F o8| B AL 7IE
FEAEE FAAE 24 71€2 diguasne] aAd % A2
Holde iRt A SA7HA] Eeste] Hop AldsHA e
vt et E4, @559 U7 mes Aol Sk
Ao Yo BE BT WEV} 52 A Qoie FAHA
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< 955749 Y AYole diFnE dAl seezA HE
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e 7t 5ol Bash s 52 254 5 =9
Alefo] ABE MEA|f|A AAFER A T AFAF A5
g BRI QABHAY, AR BETEe] FAAE B AR
AR AR A AFEE FAFE W A8 & FRE R
Aze] Ziide] Basith, A, BBSOCT7H Be+s Aol &
7lke A2 UEptonz H2 o 7|5 BBl ook
g FRISe] 9 EEE 783k Aol wet AEsoc 274
A FELEE F2ARAES o7 253te] o842 A U
< 4R Ea7 Ut

& A9 M= o2 2o A, SR AUSHES
7R HgRIRE FAAE 24 AR 1d31e] AdgjolE 59
27Fs%t QRIS B4l Al2lste] AeAl A degRE
AAAE bR 2481 Z3igich &4, =Y A EA
glojele] FA= ) GAelA A7 = 9 413l HloE
& 40 Z85to] AaER] o2 Y FEAR AL F AEY
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Appendix
Appendix. Descriptive statistics by type
Indicator Type N Average Standard deviation Minimum Maximum
Decrease in towing 77 703,130,347.16  5215,761,980.99 10,420,763.68 45,864,393,905.73
Increase in towing 31 57,518,163.35 47,904,666.79 8,828,663.87 210,680,912.03
Number of users T
eople o significan
(people) change in towing 77 70,122,615.44 74,267,928.26 5105,673.31 366,569,890.13
Total 185 331,478,600.99  3367,223,034.85 510567331 45,864,393905.73
Decrease in towing 77 4743916 47,162.65 0.00 198,287.70
Single-family housing _Increase intowing 31 93978.07 71,712.45 0.00 256,04471
density No significant
(m? change in towing 77 52,806.27 51,829.48 0.00 21001427
Total 185 5747145 56,068.34 0.00 255,044 71
Decreasein towing 77 440,372.82 310,123.20 0.00 1,247,659.34
Multi-family housing _Increaseintowing 31 441,68417 429,466.90 9,162.14 1,549,062.63
densit ianifi
™ Y Meehiiloan, 77 455,74611 339,737 58 2,689.79 1,356,976.66
change in towing
Total 185 44699117 34282119 0.00 1,649,062.63
Decreasein towing 77 31444113 38590027 4,738.10 2,187,707.51
Commercial facility ~ Increaseintowing 31 25832878 200,991 .86 2895277 733,126.10
density No significant
(m? change in towing 7T 338,895.44 367,606.29 1160224 193792356
Total 185 315,216.80 353,119.12 4,738.10 2,187,707.561
Decreaseintowing 77 304,189.93 375,362.84 0.00 1,653,602.04
Business facility Increase intowing 31 176,931.42 32571412 1364 1,011,101.46
density No significant
(m? change in towing 7 236,811.77 262,84994 0.00 1174,502.79
Total 185 254,821.65 32589713 0.00 1,653,602.04
Decreaseintowing 77 053 033 0.00 1.00
Increase in towing 31 040 029 0.00 097
Land use mixindex  No significant
change in towing 7T 0.69 0.32 0.00 1.00
Total 185 0563 0.33 0.00 1.00
Decrease in towing 77 264 3.08 0.00 1563
Increasein towing 31 348 233 098 933
Average slope i
) bosagnmcant, 77 247 210 0.00 877
change in towing
Total 185 27 260 0.00 16.63
Decreaseintowing 77 25181 22000 0.00 916.58
. Increase in towing 31 179.88 126.08 2576 57146
Distance to park i
(m) Aersignincant 7 18831 12687 0.00 75164
change in towing
Total 185 21333 17377 0.00 916.68
Decreaseintowing 77 817 510 0 24
o Increase in towing 31 1213 6.27 2 28
Number of living SOC Nosiarihican
count o significan
(count) Hersintowing  1F 1048 6.98 0 31
Total 185 979 6.29 0 31
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