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A Study on Optimizing Depot Location in Carsharing
Considering the Neighborhood Environmental Factors
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ABSTRACT

In this study, We analyzed the characteristics of carsharing use and revealed the environmental
factors influencing carsharing use using the records of carsharing had been operated in Incheon
during 2016. The records show a higher ratio of male users, a big portion of 20s and 30s, and
ascending trends in the use of elderly people and short distances compared to the past. We
analyzed the relationship between carsharing use and neighborhood environmental factors using the
negative binomial regression model. It was found that carsharing was more active in areas where
have many public transportation users and higher portion of residential buildings. Therefore, it was
concluded that these areas can be suitable candidates for placing new carsharing rental sites to
expect more active carsharing use.
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S gEAe o AA N Sl taelAE Tae] M7k QA HAAE SAsT Qe AHolFo] 71

BEA FHaEoln, ofe] AWAANGANA Ut YA AuAE AUk FuE FLH ok
AAelFol Fi Aoks TEN ThFR ATNN A Uk AP At 283 FAFS Ak
A3 NFDE F9F F7MIZCHPark and Park, 2015). AAAAE 7O A 107k g A

14949 & UiAsl= 37} YERst I (Incheon Development Institute, 2015), A&AldA = 7HA1Y 2= 1017}
A7+ 2 g 5HE tAsHE A7} Qe A& 37U THThe Seoul Institute, 2015). #uk ofu]z} &)=
o] ZAIEE FHA 01 o] ATHE o] &5 HaATIE ARVt e ALE Hausta §thCervero, 2003).
B AAAGA S0 FAA F2 33 F= A A, FUE9 O]E JHH A, wF T8 #e F
& BH0E Rk FHHojg Aul~E Adtal Aok T E AlHl~ &2og AFstr] M=

U8 $871 7 oo WAT A AT Kol ~E AR BT, B w:uow A2 AFYAE 7
GRee Zol7] 93 ARH FAFHES 0T B Yok olHF AA Y T APANG
AEE 39 FAGS] QB FHE AT Az AT 4G FUOR AFIHE 5o PYOZ N A
o A€ AUs Ak
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508 Wsl AESL A vlelae) 08 AU R T2 B2 Bush] A X YT AP
tlelag HHY7) WRel 400] B Bl ol Rtk 1) olgt). mebd Fhilold e BAH] s
HACIY ol HEE 2AR Faol B A% el 9AE MRS Pl U A7t Bas
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E42 BHST, 7HA0lY o g FFL mAE BT SASeld EAE TS
BB B ojrse Qo Qzke] BEo| Uojhs A FWe 7L BHTHYoo and Lee,

35} 7M1 o) & FaB AT ABA thola 94X A% WY

o] AT 20163 19 F% AR ol N £AE Mol Aol £ 1SL wgow Ao}
AWl2E o g3k B0 B4 AAold Aol e 4L BAN BG UFLE 293 EA0lg
2012 2T At FYUIHE FE3 AACIY olgol FFL WAL 2UBY 99 BHA
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1. FIM0E 0|8 &3 F Ml o7

7 " A Bl A Zipear7t SA3E o] & F&SHA Ao, #d A
ARy datA YA v Sl A= 201197 H thro] RIZAAIEC] 7™ AR S AIES)
7] g HT oMol B AFEC] YPHE FALh A HG FHE AFE FHAH A2EHE =
dalA WA sk ASlA WsE AT FHA0l] o] & FoE FASE ATV FE olETh

FHAlolE A2’ A8F ARl Sl Y-S v Z T Park and Moon(2013)2 7FA[o1 & AH] A o] 84}
7t N2 AFE FHAY 7180l BAstd Age WiAshr] ol HA B o] AT 4 v
FATE =9 Kim et al.(2015) 718 AHl» wjFo] B3 S HEsHAY 53 o) 2 Pl E
Hh= H]80] 6~34%0l @3k O™, Park and Park(2015)E 7HHo1® Mul~2 B3 A G912 B
ATt 7Fz3 T} Cervero(2003)= ‘Clty Carshare’ A3 o] 97] €, 213, 41d 0] 35k Aol A& A4 E)
3l B4ty X&Ho 2 AFat &7 DSt AS Y5921, Douma et al.(2008) =3 HOURCAR
S-S tHYoE 7HMoE OI% -5 vus|Ay Fozte] 26%710] AFS AR AS Lol
Firnkorn and Miiller(2011)2 ¢ &E(Ulm)ol A —%Ogﬂ 7t g Al 2F car2go ©]8AE IO E &S
I, AA SEAY 14 o] carzgo’t AEH O R SHETHAH AFat FujE 27E F S-S WITh

o| A I olE Al2Elo] WX ARS- A A A Gl tigt AT A E I FRAlolE Ald) Ak R} o=
AE FHE o]|Fo 7MHoF o] & FoE FAste AFE0] 21Ut Millard-Ball(2005)-2 7FA|o1 @ o] A
FHoE Aty SElM e desns A28 Bdo] Fag X, AFAFrt Bt olskel X, 4=}
EXolg EIE7F Wi o]l Fol iyt AXHojof dtha FAgth 3HH  Cervero(2009)&
TOD(Transit Oriented Development)7} 74015 %“4 3= ol 4F3 Fo 98-S oy FASHA JHA
oy a9 Fus o= AABAF ofbd A E%ﬁ?ﬂ 2= e 2423 Celsor and Millard-Ball(2007)
© AYABAN =R S FF310 AGEART 0 F
A& Wk ol =93 843 7HAo1E
HZ o AT 7HAI" A Sl B
AEAoA FH1R A S Fshe & HAl9] 28] AAAEE EAEA 7HAH %Véi} g 29
o) g Al 29 F2 257 AHES 71ECZ GIS HlolHE F&5a FI AR R T
o omE EEYT 24 A dF FAAG L 2A o] E2 AHYFE FHAoF o] o] &ikst
Al Aoy M2 o] & e A, tigta I A S5 7M1 o] &l Fo7t ¢Fo dFS FA
OS2 FAFth o] A& FHAAE Ao HAFTolEE &83 7] AFolA} FHAod E4E 9
A=t 997t Uk

Kim et al.2014)& FAANE o g haoje Hasd #g MRS sla 7448 A5 QS
th O A7 gdo] watolal ARty we wf FhAlold Faut 3%, FAFE I dEFE oy
9 o o] 8 Q80 Y+ FFE W = dFuF o] §o] BHIL AFS AFIHA F A
Ol 7H01" o] 8- MTdE ASE YERT
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AR A7Ee FYAdM dEas H2gel FHHE ol&dd mAle Y
EANEES} AR FEA HTH o E43T

Lee(2016)°] 477} Ytk o] ATE UFEuE H2AL =
40l itk EAEE HEAL AAH01E thelz QTelA Q2 EAAE 2744 AR Ao, o
2 H2AL Ve AR 0N2AA A st 0l AFAL BIEE WA wdl £5 71202 ok WPE
FYRPoz B3 A wz H2Ao] A o gl APdl felsittE AL U o] Ares nhg
02 A% tejaE BFLE Fol BT Fhol Ao sHolY o] gL FAD 5 dvky 743

2l
o 2 o] AT AAofE ol gol YL MAE TR M 1A 41 hFLE A2AH A
of% olg-& EAITHE Hel @A} Utk

M

2. 719 X

—

=T

QPA AR vk} o] 2 Eof Ao} Pol B Thke ATEo] R YA, Fujol A A A4
oY ¢4 AEE WHOE 0§ YHE AT ATE SE WYolth mebAl o ATE 20164 19 F
QRGN LHE G YA BE AP 28 ARE 2Y
Mol A Aot AR A% B teliold AR, MAAFAAA ADE DFLE o) § B
9 ARE A ol ARE FHo] Mlad ks Aol AT hFLF o § £oF BHHOR
Uehhe Amehs @AV Qok 28 BE o] ATAE UFLE olg ARE MAYRY 5, ASHAY
B opUet A S MAPRANA S5 A9 £ BEAA 1E AT AEstnh iAoz
B4 0 A7k AR 3 TRl SolF RIS HEYORM AT AHEE Btk

At E3 A Z7MA = A E to A F

o H

1. F2 24 X2

o] Aol GYAZL 20169 T 3 Bk AHBAA Wel X 2YT BE £ AnE EAHTh 9A
s (Table 1) Data sources and contents
O 500m buffer based on s
car—sharing rental Data Sources Contents
Jung—gu Driving Rental location, Rental start
M Dong-gu information | Carsharing |date and time, Lender ID
I Nam-gu Membershi )
Yeonsu-gu vembersup | COmMPAYEy ender 1D, Sex, Date of birth
_ B Namdong-gu information
~Hl Bupysong-gu Bus stop location Bus stop position coordinates
g:gf;ﬂgfgu Subway station |Google map|Subway station position
) Ganghwa—-gun location coordinates
| Ongjin—gun The number of The number of bus passengers
l‘:LPO"g Y bus passengers EB cand by bus stop
de.?.«" The number of The number of subway
N,;\;\f«,\‘ﬂ subway passengers passengers by subway station
[
1 3 o Buildi ode,
A Qb Use of buildings u{ %ng e code
0 25 5. 10 Km Ministry of Building use purpose
! Building floor S O I The total floor area of the
the interior || . .. |
) . area and safet building’s each floor
(Fig. 1) 500m puffer based on carsharing oor a e Y IProportion of the total floor area
rental in Incheon of the building to the land area
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Sl E o4 FAE A3Y A AAE HAEE I Fo Arc GISE shpHd-& 75
ATk, AWFAA Blell= T 169709] theiirt Lo, 7ol 4074 718 o A A9l Ak
< Adjstd ol AR 7P Ak @ o] AFelde tlodas 7|Ee R W 500m M E B4 &
A2 AY3t<Fg 1> Ao E ERACE NFdhs 500mE By ¥ Al A7l A5 2851 9
o, Aol 7MoY 8-S EA7 Choi and Park(2014)9] ATellA = 4 @92 o] &H Itk
O&o2 7h0ld ol 8ol ¥FE WA & e Bde 2902 1sal A AT A8E a1 =7
A 27 afle® TEIT. AP Aol o A aflels A, FE, AW Hf o, 7}
5 TE, AsA B g, &5, °of lom, &e]7 4 alldle FAUE F?j‘?J_E, FHE E
Aolg =, tiTas Ao AT (Choo, 2012). ©] AT = 7hsd B ‘tﬁo}ﬂ kil
7HoY ol &2 54 A3 &3 %_L , 701" ol 8 oo YFgFe WA &
B olo] FE3 F8 A £ HHI HA] g AR(EE, B, g
A, A5= &=, A5S ol 7 A5 49} LH%— <Table 1>3} 2Tt
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7O o] 8 543 38 A2 thoiA IDE 71Eo = 3 Ars} 3 FHE FHHA 240
kgl 7}*1]013‘ o]& o LS MAEe =3 I 8ALS EA8] fdl GISE Z-8aA 16971¢] WA
TOE FHARE WEUG 9M 7SR 169719 M= 7 tojae] W 500mE vt BE
EHO# = AZ OE AAd lemg dAst= My= gl

mlm

o] Aol THAoE H¥E =4 4L A dFuT 80 EAo]E aloE FEE Utk
HEus 290 HA el = W2y Fae Ak Askd e 7, sid Mg 783 Ashd gL o]
&3 %ﬁ}i} AelH, B0l 221 vy Yol e Ao B 84&, F78449& 48718 A
=9 993 HE, EA0lE H3=t

o o025 05 1Km . - 4 Subway station
* Bus stop
(Fig. 2> The process of establishing public (Fig. 3> The process of establishing land use
transportation factor variables factor variables
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5814 37 HEE FE3) Aol Ao dAdA AT e
20163 1€ 1¥95E 20169 12€ 31974A AEE FE3}ha1, 1% b o4 ofolt & 7|F o2 A EsA
o4& o] & 3l tolHE M3t theo g HAFAEY AshE Y /M4 Google mapoll Al Al F3H=
HE HolHE E&aA AHFHA HAL W% TEr%Ur Astd Y HAEE shpHd=Z 53 H, 169712
H 3 2} spatial joinst] M3 Wol| YJX|5t= AHER FE3UT<Fg. 2> 5T ol & FEE U+ Ax
1 Mot Askd Fobat 19 AMFHN BE AR {AR AskE A E Foka Y AsE 44 75
g M2/ AskE Y - joingt H, HHA Wl e AFETS s A TS rpA e
2 BEXolg 2219 MFEL YA FA AFdt= GIS AE SHHRZIME| 2~ FUHAHRE Sk
3INE AEE AFE §55 B4 Sol8l=5 FA4E, *c}‘”% A7, 7IEte] 4 8= AEF, A

=57 169719 HHE intersect 3F H 31»1 ol Eoj7l= AEES] dH3S £5E 2 A4 =3 7
S5 A d¥8E 3T WY U JA AdE dUdoE Urolx 59 Hart JhesteE 2EsHET
<Fig. 3> PIAHO 2 EX|o]g BT Frank and Pivo(1994)7F 713k LUM A58 S84 FEZTKSeo
and Lee, 2016). ©] WFE 05FE 17449 o2 Uehdd, 0o 71HE4E EX ol &

IWVHETE YT £5E FA4EH AS5S orgith

o

w
13

2 4B F A Bl A% IA7}

3. o7 H|HE

o] A= AHFAA A 169709] 71 thod il FHAo1 g AHl 2~ o] & SFE lﬂr’ﬁl%‘:} 7}*1]
ojg AH|2 o] & Sl 7TMEAE(count data)oll S, THIAEE EA%e BAIRE S Xo

¥ (poisson regression), ST FEo}E I F 2 (zero-inflated poisson regression), <ol 3| l?f%‘ (negative
binomial regression), Y °]% 3|7 =3 (zero-inflated binomial regression) 5°] 1t}

AWrA o 7 FolF IFRYPo| IMIAEE EMsle RFLE HEHAY, TolF JFARFL &
o) Wit #atol FUdtths 72 HAIE Fth(Seo and Lee, 2016). WekA $19] 7S Sufst=
5o zolg 39 REFES H LA HH thFed AV AT 4 T (Moon et al., 1999).

o] Ao BAF A7ol FEAA ()7} 0.138E 02T IA YERG O H<Table 3>, 71 #ko] EAA
2 Foste] Fold 3ARY HEo] APTES AT F AUATE E=3F oA FHA o F o] & 3l %E
A0 grol EAIsHA o B R ofig) Folg FFARFo] ofd Unk So|F IARF S HT T4 EHE
o2 HAY

ol

1. FIMI0{E O|SAt M1 2 SN

71" o] 8 EAF & EA £42 3 IDE VEoE &3 AR} §l° BRE AFsA A7t
g H AAFT 20169 1d FRF AHFAA A B FHAloE o] AFE T 128 1,176710]H, 8Y€ 9
ol& AF7t AAQ 9.62%% /M B, 190 685%F 7HF Atk AREE Gkl o7t 47 80.4% 9}
19.96% 2, Q19| 7kAo18 Au| 2 o]-& EAS 243 71E2 97 (Incheon Development Institute, 2015)<} H]
23t A3E HU<Fig. 4> AHEE BH 20007} 63.15%2 7P B, 3007} 21.33% 2 HE o] oH 2015
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50s, 3.38% 60s, 0.50%
70s, 0.08%
female. 40411.54%
19.96%
30s, 21.33%
20s, 63.15%

(Fig. 4> Distribution of carsharing users by gender <(Fig. 5, Distribution of carsharing users by age group

daks €9 201630= 70th o] 847 LA M T<Fig. 5> HIE 70th & 3e 97122 A2 0.08%¢
B35 A T o] HZ E0] FHAo]E o] &o] TS EA o]& AHU} QM-S AARL

M08 o] At AFAE 7|FOE ol§ HES s EH FHHF toart 7 Bol AX]F o
AE X FHYTY s Eslal AgTol AFse AFREY o]go] 71 gitsit) o) dA FHAAH
o] &7t A E 8 B Ao AH-sHA WA= AR & T UThe HFAE A4 Tk Ao
ol-&x}o] HF FHATE 69.23knE 20153 2] 79.30knol HIE) < 10km A= Foh o= FhMlH Au 27}
ZstE A HA, A8 T AAY o] & £ XA &%, I 5o @A olFdE @ol o] &5
s ofugitt. AR FPAL 7 100kn o] A o]8o] 19.73%<1 WA, FH A7 50kn o313
9AY o] 8o] 57.68% % YEHOE L HIES AT SFFH(FEH/UE)S FELH0] 99.56%E
BES A 5=, 712 AF(Kim and Lee, 2016; Incheon Development Institute, 2015)°| 4 5% Fo3}
FHAE AAE Sl AT Aulx Foe degS s AT FAA = HELS Au| vt &

WakA 28 el Atk

1) 7|84 2N  CISsHY 45

= =X

7HA01BE o] &dhs i BT &3 5A4e AHE H, 70T ool dFS mixe 2UEd &
AL BHPT 71254 24 os B &85 Wsd oA (outlier)”t R=A S, FHHT

16970k S50l thofig 7hA01F o] 8 Sl 4 8971004 A 32207102 Wt 534719 ©]
Hyok ok tiofarit 29 S0 A ok A 9 A7 HERR o) F AojsE Fart 3l
CE B0l A tdae 19 AFoE 2016 1A WY 2L, B Hlojae othe] Ago= 2016
R EFATE e o8 Slew vlugle W A3t =E 5 9l7] wWEelnh webA 7 tleja

9 &9 AF FU~21) &9 717H0.42~1'3)& Ao} H < (control variable) 2 2 T}
SYHE o] eI VIFFCZ ATtk Yo VIF gho] 108 dod uIsaidd A7t
DAY W, o] AFelAE M F& ol 33504 AR o] ot 7128A B4 tHE
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(Table 2) Descriptive analysis and multi-collinearity verification

Variables Obs. | Mean |Std. Dev.| Min. Max. VIF

Dependent variables Number of carsharing uses 169 | 533.66| 405.55| 89.00| 3220.00 -
Number of bus stops 169 18.28 7.94| 0.00 43.00| 126

Transportation Number of subway stations 169 0.51 059 0.00 200 297

factors The number of bus passengers 169 | 5934.81| 6903.52| 0.00| 44733.00| 1.08

The number of subway passengers 169 | 9192.05| 13841.42| 0.00| 62767.00| 3.09

Average floor area ratio 169 96.70 5343| 0.00 343.67| 147

Independent Proportion of residential building floor area | 169 0.55 023 0.00 1.00| 3.35

variables land use Proportion of office building floor area | 169 0.10 0.13| 0.00 091 181

factors Proportion of commercial building floor area| 169 027 0.15| 0.00 0.80 -

Proportion of other uses building floor area| 169 0.09 0.1 0 073] 1.84

Land use mix (LUM) 169 0.66 0.19] 001 1.00| 1.85

control Number of vehicles operated 169 2.25 2.19| 1.00 21.00| 1.16
variables Operating period 169 0.96 0.13| 042 1.00| 1.03

2) S0lg 37 =M

2 AL 2R 220L YERE 223 EX0]g a9lo® ko] Avngit
WA UFLE 2ol At wash (A F5ka Alde] Fomath B WARFA S0} A &
= folaA Al YR} tEaE 942 tasls W5E ofw A42E olgalu ne A%} g
Jehd 5 glee gl of U AstEeie] BHekE F48 w=Ho] AuA g

B
A ST ol A w7 BA &S 5 ]

2 0

>y
)
o 2

W&otk M2 satak AL Aakd Fokak 1Y BF
FHA 018 o] & Q6 Fol3 W+ PTFL WA E 810 F T2, o]E Y o4 .r]x]y]. o

FuF HAIAol =2 A9 & o M ©o]§ RIEJ} ETE Kim et al.(2016)] A7+ 23} GA)5
o}, gtk 712 A9HKim and Lee, 2016)0A1+= W2 HIAAT F238t /\]zh: AR Gol5hA e
o2 eyt o] dFellAe Ak Fokak ol = =3t ol dFus A
e A FHAlE A E Hix & o, ©ed] WA B 3, AL 7k
o] obd AA o]gAo] B & Ao = A
S Exo]g 2018 A EgLS u), FH §HEF

%
ox I
:(m‘ﬁ,%#"u
ol —
IS
o
P,LE
R_;
Ei'
>Hru>}ir°"

o
M fo
=
o
kv

q Wlgol 01 ol gol ol %)l

57 A

G TR A0 Uehith WA Fue AR S48 B FolA FHHols AHl o] o] WL
Y ol FolslA AT Bask ek BAHOR §AE] ¥ TS AU B ARAGOE AZHE 4G
o YA, o] AT FEH §HES 712 SAFNN Aol 3367%2 ekt 49 B YT §EZ
@ @R £ i F A9A Hgol 5 AN Fbleld A1z ol o] A ehd 1e eiste
252 AZFUNFAAYN o] £& §4Bo] HEHE FANYL JuT sbsHol B HLEUAE

de2 243k Choi and Park(2014)8] ATolA &= o] °E‘:rL Aot E2A 47 FAAGAA MM E o]
fo] @13 Ao 2 Yehtsd, ol AL e FHM o o] & FHo] fErE A& 1A ST
LAt Atk &A= 70" AR 2Tt HAEER oflet fF Solls Wol ARREE W Q13 Ho]
EY o3, o7} 59 EZ o AFH EA o] Athincheon Development Institute, 2015). =3+ P8 o] &2}
Aul ool A toi7lA ZRE FHITSIA 108 oUlY] AIZFE A938= & 183 (Incheon

Lo
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(Table 3) Results of negative binomial regression analysis

Variable Coefficient t-value

Number of bus stops 0.006 1.41

Transportation factors Number of subway stations -0.131 : - 150
The number of bus passengers 0.000 1.80

The number of subway passengers 0.000 ™ 2.38

Average floor area ratio 0.002 ™ 3.13

Proportion of residential building floor area 0513 ™ 222

Proportion of office building floor area -0.355 - 120

land use factors - - —
Proportion of commercial building floor area

Proportion of other uses building floor area 0.722 1.62
Land use mix (LUM) -0.103 - 0350
control variables Number of vehicles operated 0.197 10.52
Operating period 1.269 5.59
_cons 3877 ™ 1153
number of observations 169
Dispersion parameter (a) 0.138 ™ 9.24
Log-likelihood at zero -1194.801
Log-likelihood at convergence -1105.635
Development Institute, 2015), =71 1WA H]&o] 7 o8 AMu] 2 o] &of HY FIFE A= ALE EF
A o] AT A FHola T & Ytk EACIGRIZLUME o5 Be ZHos BHHo} B

Aol g EFre}l FhHol o] 8 £ Fhel| A¥te] Yok B3] oyt

v.d2 &

e

Fo

ol9|

of el E MY Muls £ ARE WEOR o] & 54 &3 S-S B4k, Y o
& Facl e v U a91lE AT THA01E Y o84 F g9l vl Eo] 80%F WAL ol
& A% Zo] 20~30thell WFH ATt 2016300 2015 % 24 A5 2] 70th AG el AE 7M1 F
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