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The Effect of Spatiotemporal Distribution of the De Facto Population on the

Public Bicycle Usage
: Using Spatial Big Data

FIET - TiEel”
Jin, Jungkyu - Jin, Jangik

Abstract

Recently, public bicycles have been receiving increasing attention as alternatives to mitigate social and environmental
problems caused by automobile-oriented transportation systems. However, factors associated with public bicycle usage
have not been completely investigated to date. In this study, we attempt to examine the factors affecting the public bicycle
usage by focusing on the city of Seoul. Particularly, we focus on the effect of de facto population on the public bicycle
usage because de facto population data is considerably more appropriate to measure the real demander for the bicycle
usage as compared with the census-based population data. Therefore, we employ a fixed-effects panel data analysis
model with several spatial big data. The main findings from the panel model were as follows: First, the de facto population
was closely related to public bicycle usages in Seoul. However, the effects differed by age groups. Whereas an increase in
the age group between 40 and 59 years old near a bicycle station has a negative effect on the public bicycle usages, an
increase in other age groups shows a positive effect. Second, the effect of the de facto population on the public bicycle
usage was related to air quality. When the particulate matter concentration was 80 pg/m? or more, the effect of the de
facto population on the public bicycle usage decreased by half. Third, the effect of the de facto population on the public
bicycle usage significantly differed between weekends and weekdays. Our empirical results showed that various factors
had to be considered when establishing public bicycle plans. The plans had to encourage the bicycle usage and improve
sustainable transportation system.
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3 5AA olg Holo] A FREI EE COVID-19
o] Bt HoAE FFAAAL o8 = 20199 187](F
138%F 2)ofl vI3f 20201 187100= oF 67%(%F 2305 71) 713t
Aoz JA=tY

A= B RS A4 Q7] Hiel 2982 vl
Slo] FgFHolH, oufz] 2HIE Fol= olF o] UTHAEEH
2] 2012). E3E 2AY o|F Al 584 ALY 8.5 AB}elaL,
AYFT A HAAR H3E @ F, 24T
25 HAEO (First Mile)?} 2HAE0H (Last Mile)& ©]¢]
924 Door to DoorE A@stal, =AT12] o]5-A4 (Mobil-
ity)& A5 et ofd o]folA AEAl FFA
A wEel” oy -4 B A3 AR EFE A
S Ao A= Qlt,

SHA|TE o] 23t Aol Bkl ME&A] FFAPA djoj4a

U= o|& Sla7t YA v Ax38l1, o}§ F ¥hgo] &
o]FojA|A] o= 97k ATHAFEL ¢, 2018). E3E, Z|¥ZH L
= o o] gEE7F n=A] 3|, o]z FHA R EelA
3T AFALSEHY BAJo] #YsHA] ok BRI g, 714
WAEAF SOl AHE R FHste] FFAAA o §HFo] A
& 4= Q7] wiizo|thZ Al 2], 2018). WtA A qHE o] &FS
A3 BYEPsL, A 542 123 djojae} AHAE Hf
A - v RS ARl 3 A A B Alg)e] ATt

oA 9] o] gol= o84 Aot A EAT 27 of
gk 3gEo] FF¥E & 4+ L, B 9 wFaglo] BEFHo
2 A48 7Hs4e] 9lck(Miranda-Moreno and Nosal, 2011;
S 9, 2012; Thomas et al., 2013). 3], 3527 tio
4 Wi ZA A Y QIFEHL FFAA Y A H v|A"E o] &
& ARk T8 AROIHAFAR £, 2016). L BT
A7 ] AYPHA] ZJ, 9 A AFATFEIN L
FUTER/ITFANE Ao B8N AFAY &FA|7}
HYEE ZA1A BAS Aol whdslr) ofga, mlA1FQl ARE
o9le] ATRIshE Tkt 4= glvks $AI7E Stk

olof] & A= A&A| FEARA(TG o)) o8] S F
€ AIBH 89S EAstaA gitt, ojwf, Atz obd A
BRITFO] 37 EiEo] 24E UEowN F3AA o]
3t = RASEE vl Al A AlF7E TejofA] T8 slaLA} R, o]
€ Y3 =AEtEdolHE &8 st ¥ EALS T
Z o & vigdt Aol A BA1dS EA8tA} "‘P‘Z’r

24 BYo e FIAEA o8] ¢S FeAB T &
e 2 -3 A 5 e W2 (Panel Model) L
THFixed-Effects) 28-S 831317} dict, EgE AT B2

<= 574 8749 A7]of wet Hslekite] EAEE R u|A|dA| 7}
ARk g 237 92 g, B 9] Exafige] Zjolz} 9l
< 70 odE) ueta, B dtoAs o]dt AolE &

114 "BEAE, ®Hs57H M3E (2022)

ShEs 24 Bae MAsta} tht £ 478 E3) ANE 2
T BES0 el AR S7o] TR AXES A B Ao
AAITY,

I. S3XFA 08 YA+ HE

A= FEolA 2%k Iﬁgrz]"qﬂ(blke-qharmg)
£ 9ujtn], FolA] &9 5 $5AAE AR 9E $9
oo Hhdshe AlARE EAE 7ML Qloh F3AAY
o]-8-2 7)o A& A (o3} 702 AHHA)e} vET A2 A A
Qo] GRS WA, F2A 02 tfojivt FAAL G 3
7] d2ol AR ZHAA | vja] o]-go] L, thefio] ¢
B4 98 25erHoR 350l GolF 5o it

F3AAATE AR LR A5 =99 Al 19659 HEe
EYrHEGo R HIET JYriEs-E 2, 2020). =Y B
+ Bda o g AlEE dH) EIkgla, ol siEsk] ¢
34 A3 FAS AETAE ol FHAE AP E B
SHIL EA|7} 0] 2] ghot T3 A A o] g-o] BAJstE] ] Z3ct,
a7t 19969 Gl JAE 55& AX= AAA T4l
2djo] EJEHA AlA] ZtellA FFAEAE olgo] 223
0 2 2/gstE]7] AZFCHES-8 2, 2020).

el Al YA A, AAS] “El7F 2008 ¥
FAAA AHIAE AAEFRAL, AEA] F3AREAE 28 9]
2 20009 4ol AHARIAE AR R o8 Rk zEHE
9], 2018). 12jal A&A] FFAAAL] A Ad]A= 20159
‘ol = WHEHARE AZEITE ZAlo) A&Alel AXE
F3ARAE 2,0000, FYH = oF 3.4%F ozl 20179
AXE FFAAAE 20,0001 2 201590 H13) oF 108 713}
23, 31 =60 Ho2 of 208 F7FHCHAAR 2, 2018).

TFARAAE ABHOE 2% Al7]= FUYF R 2E
A QFYA| L, FFA A ol B fFet At SHEH L
o}, AYATE AHEY, gRE FFZAAA o8 B3E ¢
3 FFAHA ol 8ol FFE A= 890E FaL, ﬂ?ﬂ]*éiﬂr %4
FZ Y8l @ FE olErh Ao tNF £
AR o8 FEIt AFEHA 714185 (Machine Learn-

ing) 71¥& E83) 33 A o8 HE-S BAE L, I3
A o] &(52)FS 4= 5]"— 2z07}4] o211 glt} X Lo

A 38AMA o8] FFS v ATEA, YA wEL
Ql, g4 a1l w3t AT ES THE R HESIA.
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2], 2012; A 2] 2016; AR 2] 2018; Sun et al., 2018).
Ut o FFAHA thoja(o]s} tojs) 1 A Hof A
TF7F s 3TARAE o183t sk 87t B 7Hs
Aol ok, wEbA s FHA G QT e E FFAA
Ao FAA T8 2 E 4= Uk F, djojh FHY Qe <l
TE4E oldfidhs 22 35AA AFe] dans AF7] ¢
g 2oA}, AAT FFAEA FIYAY HEE AT
Fagt 8ozt & 4

Sun et al.(2018) 1=t AlofE F3AHA “Pronto” o83}
FHaL Aole] BAARS AT, FFAULE TEE
o} 1@ E nefstg=tl, EHA(Downtown District)olIAl
© 18YUE7}, W87 HUniversity District)olAl= 7HEE =7}
T3ARAL o] 8-S F7HIZI= 8%1Q1 e & Yepitt, oje}
2 EAEAE BHA M 33ARAE o83 ofFe] U
FAANA AlRsHAY B 4= e, diErelAs 3 24
E= g AFIAL B 7Rl e Anldit) ®
g, s F U540l FFAA o8+t E B 8
AYE ARt

AR 2Q018)2] AtolM= A&A F5AA WEel"E
Fes F3AA 0-D HolEE £431 01§ dFadS
=&t £4 A “whgol” FHFL Al et Ao}
Ash=t, o9t 22 AEA Aol o4 FH F5AF
2] L WS Aol FHS, 3L, dYd ol8Hl
E9] F7h= HAEF 22 vAE S ol§ F7P ¥FE AU
< Zloleta TGt ofe} 22 FAANE 2AR F3AA
A o8& A= UREA tioia FH AFQIETL ofy
o}, AR Al e SRS T ATt AR AeE
weE

Li et al. (2019} 5= FYA] 2419 F-5AHA(PBS: Public
Bicycle sharing)®} 3AIt 3547 (Free Floating Bike
sharing, FFBS)9] o-& ¥&22U& =&3lalA} o84 7% &
& FAo] 2Peiict. AP 2500 wet PBSQ FFBSE Al
=g 2hg0] 34 A= A= BAEAE, ol 354
AE B83h= FZo| o] &Ae AR et o2 gEes 4
Bk Qi of¢t 22 EM A= U AFARIA oS ¢
(2012)8] Aol %= FrARBH e oA 20120 Hf
A By, LA I ZRT, FUA] RulRY o] gALE iR
AFE o7} YA BABIA. "By = 2010 ©J8F 9% o]
$AF vl o], “HZE"2 20~294| A2 0] 84} Hlgo], “FrH]
A= 3040t A o184} ujgo] got AHER Ao wE
ol gufelo] o} Zl o & Lehylt,

oo AFANE F3ll tolh FHAIHY AFEH] 35
ARA ol8E AHshe 2AYS & 4 ok 53] thois
A AFLT= T2 2ol 33ANAE AYF R ol 83t

© 785 giHE 5 2o, e s dAet 2ol viA
o822 ojoA Al AUt EL, U9 F FEET oY
2k ARt o] AR A Pl met FFAHA o] 8 W=
7hEER o AL AAE7) giEe] ofE Aol WEE 2avt
At

2. SEXIHA 0|82 x| W wS0oiH

T3AAAE AHA AgERY A-A FAPE 22 A
7 =7t & 2 o850 F7I8ke o] YRk oIt
FE 9, 2010; 959 9, 2012). EF, F3AEAE 224
(Origin)e} %=2}2] (Destination) & °1%53H= wE4To] H7|%=
311, Door to Door 7|52 Egsh= 827 nEre] ofgh
T #3517 o] tioja: FHY diFugALd 4sAg
FHeRE 2, 2016). &, teide] YA € 2 oo w=t
TaAA L B-84do] gkl 4= Qi

L5 2(2012)9 A7 QA AHA o] 8Ae] o] g3 o
RS9} 2P A o] A Alele FAE +EsHTt 71l
AAA oG ARA ER, FAP F AHA 2F A=t
2 F5Eo UAY AAAR oF 7Fed AZlof A3 A
A-nE-FY F FAA} SR ErE AUAE olF THeE
o §514 HUsh= A= UERT

olBE 2JQ016)0= LYAl HEH S tpFe s FFAAA o
|3 YRAEA A9 A S HHEe BE A= &
AZA3 39 o]gAe] Fe AITHER Q1ALe] o] &
l, &- 52 Aol AsHE S 84 8919 F3Feo] #%
o, HoRAztg A AItell= R0l A dvkdAl
o 5 3 EA 8ele] Yo w2 Zlew yEhTh 4
ZIE 53l YA EAJo] AAA o] 8ol FIFE F+= 83090]
AFH o= Y= Sit

Wang and Zhou(2017)2 v]=¢] 967] A H& o2 35
A7 ol g3} nFAF Atole] WAL AL, 33A
AA AdlAes FHEA| Y WFAFTS AaAHE 6
53], EAF L3R I= tfofart YA tioja T o
7t BEE S7I5P7| ghizo]] i A ] di=AloA &
sta 7t Ackal =46kt

Fan and Zheng(2020):2 o1 ¢] 3327 “Mobike” ©]
€ tolHE &3l 33ARA L} AFHE] A3 RANE HR
slo] FEAAA Y wEAF Hetans EAE 24 43,
T5AAA o8- A3 ol§-ES F7HI7IH, 53 3 AR
79 o]g=Fo] W A Fo| He Ao u|5| 2|5} o]§ES
8% ©] =ol= A& Yehgth, E3, FEAAA AH| A 1F
HFAZHPeak Time) W LFAFE 4% AEA 7= A7 A
+ A28 Yel=d, ol 45 33ARA ol 87} LEAF
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2 13 582t obd FFARAE ol TR o83
gk Fst3i ofeh 22 A2 I aATelA=
ARSI UERd=H, A2 1(2018)9] Q7-ollAl= 35437
thoq o} vido] Bt wEge] F(+)9 &t &, wFHo|
5 TEAA olgo| A= BA} e A= 4
i,

ol ATAN= FEARIA o8} dioja FRIY WEE
Zgo] vl WA VAT USE AAFeHH, FUA 2ol u
FA%e] A ol8& Bk 8= A8 4+ U
< HAET 5 AUk

3. 33X 0|32 &P

ARA= oF St YIS W= gt 71,
7, 7, a4e 7l 2sh dAE A9 B AA1 A Ao
Hpsh, ol AHAA o8 IR AZAE 7FsAde] At met
A FEAA o8& W3] M AEA adloly 713
3 2919 ¥ S A5 st ol

El-Assi et al.(2017)9] @tollAl= AUt E2EQ] “BST
(Bike Share Toronto)” o183} 7]491A} Alol o] TAIALS He
sialct. a9 AAE B3, A9 v T =2 5
T3AAA o] 8- HAAF|= BHY, 7120] FoldSE 33}
7 o]-go] F7Ieh= A= Uepitt,

AFE 2(2012)9] AFollA= YA FFAAA T ZE Q] o]
€ Hlol8HE EA3le] o] § HlEet 7|2t F 7149
HAAE AFstant. 7]20] 23CE 7|E02 =7} H3lslA
U 797 s S AEA olge] Fashe Al Yeh
t}, oje} -2 At Avh= o] AT 2(2016)2] HAT-ofA . AL}
A veRd=t, A9t 7]20] 29T oo R 1.20] §A|EA
Y, L 10mm oJ4F] 7%, Tm/s olare] 7Fgo] dAE o F
SAAA o]go] EolE= ACR BAEHSGI F, AAAE 9]
S8 9l 71715 B4F 7o) ZHAA Yod, F3A
A o]g-o] AA I 7HsAdo] 1SS AR,

BEARA o]t pAste] oo ot A7t ABEHS
A9, Wf§t AR g St TR o8 A7 Wzt
£ AHE A= BA gt} giREe a7 dojal] A 2
A3 22 E9AQ1 33t B4 R0l AFsls Wi, AR
g4 QIALE HHg e A= WA it

S5 AHAA djola = x99 AT FEAEAL] Al
g 9l H|A|1 g3 o] 83 AFAL T2 5 71T 4 U= HAHEA
QUAjole}, AR AtoflA] AU i ulet FFAHA o8-
Hlico] Zpol7} WAiSH= A o2 EAE =, vlAIZel 9949
AF7HA AH3LE 1 4= Sl A1E 9 AEE N
e miS- AFH oI, 53] AFRIFE £49 MU EH

116 "2EAZ, M7 M35 (2022)

S8R vA2A olg 8.5 BRIsl| oY =25 T
&84 B7kshe eA7E Aok Hste] F8AA ol 8520l |
ol w2t gebd 7hsAdo] 7] hiell 33AA o] & ol
T4 Afol 9] Rt BASLE ] AsiAE IAIA AlE
L399 A AT AE &, A 7Rk 7 A

S WeE davt ok gaEd 2 dflAe mlAEd
A1 37t 9] A%E AEAT7L FFAAA ol oW IF
2 A=A AFH 02 $A31A1R} 7,

EJ, A 22 diEA] BA4E 2R AR AXIE)
HolA= QTR Qo= FFAA olge] FFE & &
N TSRt A TR n Wart ok EAE i
7 d71d 5 FTAAA o8 7 | HIE olojd £
= 83lo] BFsHA Wslsta, FuAkgo] dojur] hiEd of
S el Hhgsfol F3AA ol 8t 74 Aol wAIE
B 88 4 Uk

ll, G7xlE H EAUE
1. SRR W e 1S

T3AAA L o] g AT HALS B SlEiA
£ Ae ALEHA (0] A&A]) GHdolE FolA AlFst
= 33AAA ol §AgH U AERITF Hlo|5E B3t
E3, FEARA o] 8ol FFE F= 1T E F 8 diF
H5E 5317] S8 A2Al 2FH2AE|(Transport Opera-
tion & Information Service, TOPIS)ollA Al58l= A-&A] 2}
FEAE} s FollA AlFslhs d7| L8584z, 7]
BARNGELANA A= 7178 5 #-8-3lelth

1) 33X o|28ighg:

TA&A] B3ARA o]38F, S AS FHulofe FAolA
AlEshe TadolE 2 20174 §F 3 B9t FAE “uhgol” o] &
HIE HEE #40) #8319l o] ARl 1,0297]9] tojs
ol WAgEk= A A o8 1= E v R o] 8AE2 &5
F- B2 ol F A Y - o] FAIZE 59 FEI} v Al TR
ZgEle] Qlet, £ Ate dlojadE wAst 33AEA o84t
2o G v]R|= 8%1S mpetstazt of g 71A| AR FofA o]
£ Y= RRE HAof Egaigch

HEA F3AAA o] 8% Aaolle 2] doj4 D7 R
ol=lo] AT, tojio] Asst YRR AFEH UA ¥
o}, mebA] FEAAA g E o2 glojeel TEEAEA o)
oja gds) o 3k dioda(D)E A= FRYE(WGS
1984)8 Aglote], F7td|ojel 2] e &3t £ Ao
A AMgBRe AERIT ARt AATER AleE7] e, 34|
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T 783 2K Intersect)3hs S AA JAT 29 T
A7 o8 dlolEE T8 20179 71F 1,0297] Hofs
oAl JAE ARE= ASAE ALstal F 4,183,547(1,02974 of
A4 x 365U x24X170) O o]F B YAT thre] tfed
& AE7} e A7) Aol AATE 71502 BF3sh= 1A
& AR HFA 02 2,099,851 9] HZAE A o]l 8313t

2) A&oIx do|g

2 Aol ZgH "AERIT dlolH, = A&A] T34 HolH
FUEEA, dFiLgol8sA, AARAAE, HEYClH
Hlo]A F)¢k KT2] SAlHolEHE &83f $AA Wies &
g QI dlolEE BRI Y, BRI EAeke IR
ot

kA o 2 QI fojE e MAA(Census) AR Ex 3

USEEA7 B8, #5299 4 AFUF FF
SHkg gold & Qlek. B, TAERIT HlojE = oy ¥&
Aol ARt B9 9E TRL 1) BSA|GA AR EF 7

ute] AR 7t FRE BRI = k= Ze] 9t 53] A
AT HolelE FEjo2H 7122 Q1T Holg2 I ¢
UNE 517 F oA 05 35 9 T} 22 u]A|FQl A7
o91e] ol HE WSS FRIF = i, "fAIZHHourly) T4
2 ATl st 4 2] glojeje} v Bafo] 7Rgdithe 4
o] qlct,

CYEHITE glo|gl, Q) At Tl AZAPR 8419 19,153
N AAFE 71202 365% 24417 A5 €471 167,780,280
(19,1537 FATF %3652 x24A17H 9] ARE A, 2017
W 71 55,41072] BE2](Missing Values)7H EA13] o1& A<
SHIL oF 19 6,772% 28] S E 4o B8t

3) mEMSXI

EAFlo] A ARShE ol T Bl =AY A
AT, metA QA H e wFAF v} FFAPEA o]
£o] 9o 4= ek FFAAA oG4 o|F3aAL S A
29| RS 12s] Fo] EFY o tiehy o)F +HoR
AAAE AEITHeIAY, 2010). 2F/3Rol U3 WL olF
SHLA} Sh= 2R SR o|f ol K AR, olF 7
25 Esle FH 29| nFAS/AE A 1T 7Hs4
o] Ao}, Mt & AFelME B =22 W
7|1 Hch 9] A9 ARke] wFARE BT $19) '75111 Al
F*(Real-time Congestion Index, RCDE 4H&3tal, 37t o
Hloll StA EEetsh= & AR

2 AolA B8 BEATAGE =2 ATHEE Bt
37] $1 AAAR 7 =20 Fojd 14 A=} #5d
£=RHE EO|2 AEH, ojrf SRR SEAEE e

WFHRANEANA AT "ARAl AFEEE,E B33
ot 3 AR A=A 24 10,5057 R4 BSE £=AR
S | Al 912 AksH] dizef A7 oF 9,2009F 9] HEI}
A, $EARE EANSER UREERO S T4 o
OEH EAISEZE A FEHAY] 9 aAZAEEA
Y AA7IE 8831, YNHERE ARZA] T oF 73t o] &)
A GPS 1A EE B84 5% DR ol g5 =E FAU,

WFH|F(Congestion)> ThFsHA Fold 4= AL, Guk=]
L2 E29| §7E 2IBhs TR WFFAE IR T
B ol e Ajzke] BF0] 2] FA H= FAE BRTHE]
2 9], 2009). & Aol|A9] wFEAF2 TRt Ao 23 A}
T2 580] A BE(Free Flow)oll U|X|A] ke ol g2
Rofatn, =2d 4 AUEES] 80%0] £=E 7|E2E A5
& WA, Tief 7|@& e R 2o Faet At et
T A5 YA A2 & 4 o], mEA FH3E S0l
WYSHA) s AR BT 4 UL, AREshe W2 off 4
(D 2, 2 A7ollA QAT AFAFAIF= 0~ AL0]2] gL
S AEEY, AF 12 7|E0R A glo] E45F BFAT T
AT AR, A4 Fho] Z24E BEAITo| WA Yot &
B0l 9% o= WA,

LTT,

(3600x D, (1)

rei, =

rei;: iR B30 RFAFA S

LTT;: A P22 53 48 A7t

D, 1A F322] A%Hm)

CS;: 1A 29 Agk&Eof 80% &=

& A7) FATE AEA] A7) g, E2EE 4t
28 LFASATE BAD ) FeleA #E3E Bart 9

o &, AAT S92 AEAFATE BEL e ER AR
7} 22 EE oA L HlolE7t 24 E 9271 oA B2
7t 2SR the AT w202 EEIE AP ol
AR T8 =20 9% F2E ) 2 #E8H
A2 ol 4 Q) Zt.

RAL= )

RCI;: iR RA|H2] AFAFA 4=
rei,: iR A LEAFAG
D, A =2 ¢%Hm)
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4) 7 |28FE W 714HE

TEAA o] dj7| A} 7[4deizie] YF¥E & ACE ¢
oElm 53], S AEE sS4 uet 38R o8 714
o] G} 4= otk 71, AH o2 BF0] F2 AH(YE~
7H2)el TE3ARA ol§ Hl=r} £ 7Hsol A= v, 8F
o] AjFHH2l AF(AR)oM= F3FAA ol§o| thE AHo v]
3l A=F 7ol Qlo] olet B2 A A E EAS A3 A
a7t ek, waha & dtoAs 71AE R E Wsslslr] Hlsf
BTN AlFsle M7 ASAAR S PEREA
FEEA AlFdhe TR E,E S8 7L E9EF
A= AT 45170 S04 d7]28EH(S0, CO- 0y
NO, PM,,'PM, )& Z43] FH3h= zpRolch, A&AloAlE
257 E=A7IEA A9} 14719 =28 7154471 AR]E o]
Ak, TR = T3 BS52(Automated Synoptic
Observing System, ASOS)¢t AHg7]d &7 (Automatic
Weather System, AWS)E &3l ol Az} 7|12 45§55
F Y AHE s4sto] W= A&}, Al&Alol= T3]
B} AF7 ST 5 28704 AR - Q=L QU

F AR BEF Bt AR SRR gAY #E5R
#hol A% Aje] v3f BloldA Y 79 ASFH(-999) o= wigt
k= 540 Qlo] B=o| 7S Ao 3tk Et, S
AR WS A He] deARo)7] o] HEHA| 982 53
A Bz A9 d7| 2924 s 714o o] R ¥
49 UZAE} ohF 4= Qlo}, HEkA ZAR2E E40 &-8817]
f3liAE B2 (Interpolation)& B-8-3fl nj@SA3 9| tf7] L
HEE FEY 713 EE Mok SR, i Alg &9 2
25 B8k A2 dAZ 02 ofy7] wj2of Ax|E Futdt
S ARES] BT HAT ARl A (Matching)dh= 4]
S8 ARE 758

2. 2MEY

B AT SR aE AT FTAA 0§ B

Table 1. Variable list

AE AFH R BAsh= Ao, olF 3l Al 3344
A ol & % AT AES T8 HE2F S 75310 7
dEHL FUT NAE Al wet giEH o2 #E5| i
o A2|(Static)?l Aol H3R FoH 2P} Fe] W 7H
$ADynamios] BAS 248 4 ol B, B g
o2 (unobserved heterogeneity)& SAE = Sl= A0l
o, ot Ry AAE 2o vlaf v B2 A=g 7%t
o7 §Ajo] 7Fs317] Wil A2 378 H efficient estima-
tor)& E5% 4= = ARE 7Y, 2 70 888 AFE
A 2ge A (3)x 2t}

U, =a+8,My;+3,C + B3P, +
BWy+m; +w, e, ®

U, =iA % A8l F3AAA ol g W=
M, =i g Ao EAT(ABE)
C,=iANg A Ao 2FAZA S

P,=iAY A 8o] n|AHA] 9 Z20|4HA] 5=
W, =X (ARl 71RO, 358, 5
=A%) A1y a vt

w, = tAH ] ARt B}

g, =IiA9 A He] 2213}

£ 479 F5HFE 33AAAY o8 Hikoln, Fou4
o= ARl 35AdA off Hlke] Y3 uAe &
ARE AFAFAE, vAHA} 2oARA] F=, 71474
H7|&- 74 5) 55 8300 F3AAY ol &-vl=
= A H AR EE o7t EAF Aoz AdE o), ¥
FAAA tjofie] FZHEQ BEF HYHA] Q71 = B, Al
Al B 2HA AGERe ER % A 7H &po|7} ety Wi
ojc}. gt ofz}, ARMEE FFAAA ol HI=rt tE
7] W2el), olel tfgt 3G ArpASE F718lo] 314 A K Fixed-
effect) ' 28-& 153130t

2 dolla] S8 HeE aokshE GE It AT & A9

Data size

Category Variable Unit (number of row) Observations
Dependent variable Public bicycle usage Number of count 4,196,232 2,099,851
The De Facto Population Number of population 167,724,870 2,099,851
RCI Index 91,822,080 2,099,851
PMyq ug/m?® 2,083,854
, 341,640
Independent Variable PM,s ug/m® 2,042,528
Temperature G 2,092,112
Precipitation mm/hour 245208 1,900,790
Wind speed m/secmm/hour 2,089,607
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A7 Gz v A ZHhourly)ol®, 37HA @9l Aol
TEE ¥ ARES FA R ARES 71202 i AR
o}, ojdf wEEFAE, vlAHA(PM,,), ZUAHAI(PM, ), 7]
2, 745, 35 A AA T DR ol E #5310, A
T A4 AA T Tgshs HAloR B glo[EAle 133
o}, &3 F7HHolEHE &83te] AFE I miizel] A
A2 Ao 282 o8 AE(sample) & 9 297 1 A=
2 Uepg ARt 0|8 75317] $1% dulolHe] 27 (row)e ©l
ole] AEQ FrETt Y I}, YdlofefQ HA e o] =27
(row)= i 19 6,7729 Zofl o]27] o] F 27.8GB2] A
A2E 28I 7ol 4EE dloleale] 49 FARA
7|A] STATA 159] Hio]H o]u]Z|(* dta) 7|FEL= 21.6GBE] A
ZA2E 2H2817] wiZe]| RAM(Random Access Memory)
F4 BA 2 9e 83U PCe =90l (Hardware) 4
ol upet £40] Al d 7Fs/do] S-S HEETh

V. &3=4
1. 7|=8A % loje] 4

1) 71&87

(& )€ g7 &84 WSS 71884 2HE HojEr,
ol Hat 1A17he]] 2,209 o] o] o]FojX|= Ao R gt
won, 2 897 % o]RojA= Ao Ueyitt,

z} gjojart 43 AL A7 PRI 204 vy
213, 20~3941= 1,145, 40~59A41= 8437, 604 |4 4567
o8 vepgrh AFAFAFRCDE 1.82 YeRgon, v
2] Bt FEE 44.20g/m’, ZUMHA] FEE 22 4ug/m’E Y

Table 2. Summary of descriptive statistics

Variable Mean S.D Min Max
Public bicycle usage 2.2 22 1.0 89.0
De Facto Population
under 20 years 2135 4269 00 26,7300
De Facto Population
20~39 years 11450 30769 00 376780
De Facto Population
40~50 years 8439 22045 00 268980
De Facto Population
older than 60 years 456.9 9351 00 346020
RCI 18 0.4 0.0 45
PMs 44.2 26.5 1.0 423.0
PM, 5 224 154 1.0 164.0
Temperature 169 9.7 -17.0 36.4
Precipitation 0.03 05 0.0 50.5
Wind speed 19 1.1 0.0 11.0

it 7182 it 16.9%, 7 0.03mm/hour, 452
2.2m/sec® YERATE

2) Hols0| BN BN

HEEAE Agslr] Aof 2Aof &89 7t A= e A
A|3] AmEgict (0" D2 d%F 52 AWIT A8 F
ZHAQl 28 Yehdich, dgdidE JElTel BxE AR o
24 Jepdal 93-S 1 5= 3l ol8 F3AAA o8- w1l
Zot A ARG o A2 AYEE Bvt =2 7
ol FFAHA ] o] gFo] A el AT ERIg =
ASict, ok, AAFe 2= AUIT} FFAAALe] HAE
HEs] ERlslr|7F e, o AR F7H G BRI
HARE RHA, whgo] tloj4 AR = H(Point) 9] FEE th27]
wjEof Hwst FARNE T3 FAXNE B3| ;e "avt
gL Ao AL}

(3™ DolAE= 20179 A7 FFAAAY o] § W=t A
Q7] sfieio] o FA WM=AE AAFGH LR AnE el
ojtt, 4% oA veRd AAY B(6Y) 72 0Y)d 37
A7 9] o] § W=7} A2 & AL ERIT 4= gldET, o
£ 53 F3AAAY o8- AEZ 8909 3A FFE TS
S ERIsH 4= ok, ARl HiEe 192 497K E 1 9E
2 #xp7 2 ¥hE, 59 o] 3R E HA 9 e o = otk
olofl oigh FEgt UL w377t 4] A9k, WERIT o
A izt s o] Zjo] 7t EAFHE & 4= Qlct

(™ el et AAH FaARA o) 83t Al A
ZH Exuf€ o] zlol= XHFR T 2ozt Yehhs 2E I
& A%l vl FFAEA ol f Wlert 7 A e
won|, 9= /M $e BXE B, AT Ex=
oA 71 A Yehskow, oETtelAl 78 WA Uit

(O D= F3ARA o & BT AU sfeS vt
ok, 3327 o] BlErt 29rd upEoAE FF R
4ol g ¥ixrt BFH o2 EA et 9182 ¢ 4 A Bt
9, 37 AERIFE F5o 34 e, Fdole A b
EHE & 5 9t ol 277t Bl YA Wil AR
STt F5o) wol BEs| wfEo R wekET

mRREre 2 (19 SollAAE 33AA o8t AT AL
olofliz ARIE R X}ol7} EAF =T, 3F3AA ol& Hle=
B 5 E AR 2% 64171 7 ol gFo] woton, &4
7K1 24 7Al= o2 24 AlFtdel| B3| o]g=Fo] FA3] F
7FhE & 4= Qi ofubs, T S8l FFAHAE o] 88k=
Afo] wo] EA5l7] HEoE oAZI v, eI 3t
F 3 % AZef 71 go] Bxsid), diRE XA fA
g HeS Bt o]F 3 AYRIT AR A= AAES
QItol| oja) ZA| Ve &lgh 4= At
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Figure 1. The De Facto Population distribution by age map
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Figure 2. Time trends of public bicycle usage, the De Facto Population
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Figure 3. Time trends of public bicycle usage, the De Facto Population by region
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Figure 4. Time trends of public bicycle usage, the De Facto Population by region and day of week
Public bicycle usage by region (time of day) The De Facto Population by region (time of day)
e © EEE Jungnang{Min) 160004 B Vangcheon-Gu(Min)
W Mapo-GuiMax) W Jung-Gu(Max)
451 | I [ BN Other Region | Bm Other Region
BN Annual Average | B Annual Average
4.0 g
& 120001
g A %gm |
g g
£ & soof
g 25 E il
20 5 40004
L5 20001
Lo ol ; Y
) 5 » ® » B o 5 ® ® » B
Ll e e .
Figure 5. Time trends of public bicycle usage, the De Facto Population by region and time of day
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o Hof, RE FA|HpEY} ofz} A7k} 2 Yo djst 1y
A3E nE3t mgo) 71 FZAAA o] & HEE A Asl=
ALE oA, 2 1-40)4 E-8H HE = 1,878,37771=2
bt 23 1-39]] vl 23 1-404 dFo] 7HHH o]
£ (I¥ 99 (I 59 Zo] F3AAA o] § Rl=E 59
A Uehn, 318 Folli= 2F Azt ot 53 Al 37
A7 o] Ry} Hstsi= Anr} 2H3lal g Ao g Bl
o} ol 1AAIARE B4 o] vigsely] o] AFgol
Mg AR AR, ole} 2 B Al Wy 2-33) 2-4
9] jojof| A &= FUBHA Uit
Y 145 TR A0E A8, T el AgiT
BleE BE SAZCE fojataion, AdEl 40~59A41¢] A
gelte] Bxuk A ol wixzel ol RAE Uehiz, A
2391 204 vlvh, HdS2 20~394), =391 604 ojAake] A
EITE o IAE vell &, 3d39 571 1ol of
& uizo] BAFQ FE njA= v, Y2 eI 5
7he w30l o182 F7HI7|E A& AYd 4= Qi) 1 o)%
£ oltE AAZHT AZHY of7t e A4A-HE - kWS
o] IFAAAE BS Wo| 0|83l Q7] WRes wekEr,
ol o] go] Exaal Uk Aol ohd, S ojej
AERIF7} go] EE3LL Q= X|FGS FHOR wgole B
o] Yaphe oujgict,
g fAshd, EAFo] S7H8HA

SAHSE ZEAAAL] o]

£ ¥eE 7Pk 228 Uit &, a5AFE 137] 9
3 F3AAAE ol 8she o|8AF EXATE || Wil
AFAFO] AR 9L 4o E FFAAAY] wjx)7} °
23 oJujgitt, uHA] FEF7He 3R o8& 7
A7l Ao Uehg o ko] 228, F5o| 4
g F3ARA o]82 sk AR Yryt, v, 7129]
FELE F3AAA ol Hine 718N 2 o= Y,

oAHAe; 2u|AHA] S FEAAA o8] A2 2
P £ 7Fs40] 7] g B AFofAE (& 3] =g}
FUR BE2 nAHR] st 20N WR] FEESE o]
AJzte] 23190t o] FA BF-S w2 LA ol+= vlAHA|
o} zulHA] Tt AT ¥4 Y] gt (& 4
£ 33AA7 ol g ¥z ZulNHA] =g ZYTt wfjdEA
Zio|n, 2u|AAUA] FEo| F7H= vAHA|L FABH 38
AAA ol g-& HAA7IE Ao Yepiith AFoR =,
Z0|NHA] F27F 10ug/m’ F7F8HE, whgo] 0§ Yk oo
AME HFH O (0,077 Hhdhe Ao it

2) OlMEix| SEY 2

FIAAA ol8-L tFLE BHE Slo) Felsolof she
o)At 0.1%7115 al Aok o]tz o] Algt ol
L o} W7} AT Sl gick, & AT B vz 2
Zo|q9] St w g3t 32 29 JAT T

Table 3. Empirical results of public bicycle usage panel model (with PM,)

Variables Model 1-1 Model 1-2 Model 1-3 Model 1-4

De Facto Population under 20 years 0.0004** 0.0004** 0.00047%** 0.0004**+*
De Facto Population 20~39 years 0.0003*** 0.0003** 0.0003*** 0.0003***
De Facto Population 40~59 years -0.0004%** -0.0004**+* -0.0005*** -0.0003***
De Facto Population older than 60 years 0.000002 -0.0001%** -0.00003*** 0.0001***
RCI - 1.0159%* 0.9036™** 0.2642%*
PM,, - - -0.0022%+* -0.0024%*
Temperature - - 0.0365™** 0.0368™*
Precipitation - - -0.1503*** 0,147 7%
Wind speed - - -0.0011 -0.0060***
Constant 2.1053** 0.3299** 0.0186* 0.7397***

Region Yes Yes Yes Yes
Fixed effect Day of the week No No No Yes

Time No No No Yes
R2 (within) 0.011 0.037 0.068 0112
n 2,099,851 2,099,851 1,878,377 1,878,377
P>F 0.000 0.000 0.000 0.000

*p<0.05#p<0.01,**p<0.001
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Table 4. Empirical results of public bicycle usage panel model (with PM, )

Variables Model 2-1 Model 2-2 Model 2-3 Model 2-4

De Facto Population under 20 years 0.0004** 0.0004%** 0.0004%** 0.0003*+*
De Facto Population 20~39 years 0.0003** 0.0003*** 0.0003*** 0.0002%*
De Facto Population 40~59 years -0.0004** -0.0004**+* -0.0005*** -0.0003***
De Facto Population older than 60 years 0.000002*+* -0.0007*%+* -0.00003*** 0.0007*+*
RCI " 1.0159%* 0.9035™** 0.2575™*
PM, s . . -0.0058%** -0.0068***
Temperature - - 0.0359%** 0.0360***
Precipitation - - -0.1500%** -0.1409™**
Wind speed : < -0.0118% -0.0194%+
Constant 2.1063%* 0.3299** 0.0797*+* 0.8306™**

Region Yes Yes Yes Yes
Fixed effect Day of the week No No No Yes

Time No No No Yes
R2 (within) 0.011 0.037 0.069 0.113
n 2,099,851 2,099,851 1,841,116 1,841,116
P>F 0.000 0.000 0.000 0.000

*p<0.05,*p<0.01,**p<0.001

ol Blzof ojd FFE FAlol tefA AFH s BAsR
317} 35, (G 5y ARG 20j4H7R] =] wAge] zt
Z} “UB(PM,,280, PM, ,230)"Y e} “ES(PM, =35,

PM, ;=159 o] W30k gAto R BAg A0 Agt
Fo|c}, Yol A7kt 8 DAHFENE B-g3 mFo] AP

FW7) W20 oI5 FUsHAl L4l H-3ist

Table 5. Empirical results of PM,, & PM, ¢ daily average level panel model

e e
De Facto Population under 20 years 0.0005%* 0.0004%*** 0.0005*** 0.0004*+*
De Facto Population 20~39 years 0.0003*+* 0.0007*** 0.0003*** 0.0002*+*
De Facto Population 40~59 years -0.0004** -0.0002%** -0.0004%* -0.0002**
De Facto Population older than 60 years 0.0006*** -0.00004 -0.0007** 0.00004***
RCl 0.1234%+* 0.4655 0.1870%+* 0.2239**
PMq -0.00719*+* -0.0021%+* - -
PM, - - -0.0029%** -0.0047%+*
Temperature 0.0176** 0.0546%* 0.0278** 0.0383%*
Precipitation -0.1245%* -0.7987+* -0.1209*** -0.0789***
Wind speed -0.0043 0.0413%** -0.0264*** 0.0285**
Constant 1.2289™* 0.3299*** 0.8405%** 0.8480™*
Region Yes Yes Yes Yes
Fixed effect Day of the week Yes Yes Yes Yes
Time Yes Yes Yes Yes
R2 (within) 0.100 0.108 0.108 0.110
n 593,761 77,852 603,777 246,479
P>F 0.000 0.000 0.000 0.000

*n<0,05, *p<0.01, **p<0,001
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A 23, BRI FEAAA o8l vlAl= I vAl
A FE7F 5 diet B diof] 2 AolE ol Aes
Lebdt), Al 2ujqHA] FE2F $5Y gk Y
o A7 SEAA ol8 K=o v|A= Y2 AR HE
B Zhashs AR yehith, ol 204 vlte] a4 A%S
& OAIHA] FLeo] 27t &3} 2to] 7} wilp- 2| et £, 20
i weke] AEQIT= vAEA] FE7E AstEEhe 334
ol Rl=7} 2A A4S G AR A" 4 Utk FHE
=AML 601 o142 RS2 TIAIEA FEFUEY W 3%
A7 o] g Hlko] vjz)= Yol F2stA] ¥t 5. AFol
RETE TEARA ol F Al AR Bt dFol Ral,
Aol 71 E 1 FF=o] A YEhdS & o Ut 19
e okz, dukgoR k|Fe] A4 Tl U d%3l
B|3f eFslal, dj7]de] mah FFARA o823 T 7Fs4do]

€ 935 vls) ¥7] Wi2e= gdEn,

3) FE/FL 28

a9 PAXE 5ol AL FIAAA o]ge 23
i} Feto] xlo|7h ER3tn], AT WEE T o)
uje} g2/ Yepdtl, ole] B A7L 230 g R0
A7} FFAAA o] & HlEe] m]x)= ke Bkt

Table 6. Empirical results of weekdays & weekend panel model

(E 6yollM Uehd A, nE dgF0] o] ATl 3%
AMALe] A= S FHNA B o FH Zart §
AsA| YehtAg, ek SHolM 33k o] eIt
F3AAALRY #AZL th2A debgth F, FAEQ0A vl
I} A (20~39A41) 2] AT BE = FFHh T FFAA
7 o1& V=g 1.5~2.080 A= S7HI7]E A& YehgAEL
S04 o) FFHEH 4 A o] ¥z 15~20
o) A% o 2 g3k F= Ao et} A2Ea Ajgte] u
2 &% HSNE AAIE] gfetdlat FAlo ARITe] #azof gt
w3k Bajo] Fujelol HEFE Al uleto] 7RssIA|E, ot
& 3ol 3 of7j2F o) 27t Y Ao woEd,
F53 Foo] YL FARsoME folE Bt 95
E0l, nAA|et 2uHHZ] Fro] g3 FUH} F59
o F5HA Yedt &, nAHR] sEt A8E 33AEA
o] § RI=9| Fis FUHL T30 o Po| FolEEe A2 Y
et ol % 520l &3k F3AAA o) vz R
o o7185-E g FeAAA ol fo] o 27 fE AL
2 gekdh oA 2R g, 7189 55
FU 27 FFARA o]l e FFS vlA= AR Y
Efton], 3 oluja| Fdofl= Ajeko] Asteehe o] g &
VS FA = o2 Uit oleg Aiks, 33AA

Weekdays Weekend
De Facto Population under 20 years 0.0002%* 0.0002%** 0.0003*** 0.0003***
De Facto Population 20~39 years 0.0002%+* 0.0002*** 0.0004%** 0.0004*+*
De Facto Population 40~59 years -0.0002*%** -0.0002*%** -0.0006*** -0.0006**
De Facto Population older than 60 years 0.00003*** 0.00004*** 0.0002* 0.0002*%+*
RCI 0.1597 0.1284%* 0.1850%** 0.1582***
PM;, -0.0024** -0.0015%*
PM,s -0.00771*** -0.0053***
Temperature 0.0360*** 0.0352%** 0.0424*** 0.0410*+*
Precipitation -0.1384%+* -0.1378*** -0.1353™** -0.1354%+*
Wind speed -0.0267+* -0.0386™** 0.0338%* 0.0193***
Constant 0.8700™** 0.9925%* 1.6165%* 1.7082%*
Region Yes Yes Yes Yes
Fixed effect Day of the week Yes Yes Yes Yes
Time Yes Yes Yes Yes
R2 (within) 0.140 0.142 0.110 0.110
n 1,302,153 1,270,627 576,224 570,489
P>F 0.000 0.000 0.000 0.000

*n<0.05 =*p<0.01,**p<0.001

124 "2EAE, Ms7TH HI3E (2022)



Y| MBS BRI SRAEZ 0180] 0|xl= S8

of Fgo] Tl wWol ZEHAI, FU A7fdEel &
ol ZEET U2 AAn|drt, mEhA| o7l HHo2A Y F
SAAA it 2 A HiF HA] YRS AAKRLT,

V.ZE " ALK

22 50 B4l digt o7t SiFolet, AEA19] i &3]
A FHAAE AA AR whgols B ARFENA thoket
FEl S Algets A&Ale Fa3 FAA B 7R 2]
Fozhar glet, A9k, 3] AEA] FFAAAE AHHoE
JEA B2 Fha, B 29 MFEE Akl vehar
Q7] sl FFAAAY Al A % gFo] agt Ao
t}, 3HA|EL, ofd o] 87} o]E Wol o] 8Fh=A|, 1 HHL F
ola, oj= A HofA] o= AzIfjef] 2 o] gF=A|of tfgt
AR} BARE Aot

ojof, & At 22 ol M= Qs AERIT Hdo|E
£ 84310 AFES] 3719 B2t F3AAA ol 8 of
e YIS FAE AT o B gt A7 ¢
3] 20179 A&A] A AZHE FFRAA(So0l) o8 W=
o I dlojg], 5 U tf7|ghgof F3t HdjolE AwE
83 nyay) s d 1S 155te] AFEAE Yt

Ate] Azkg aoketd thadt Ak AR, gL HE
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EA, AERI7F FFAAA 01§ Hlze] vjx= FER ulA|
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