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Exploring Impact Factors on the Variation of Monthly Transit Ridership by its Mode in
Seoul
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Abstract

This study is aimed at exploring and identifying impact factors on the variation of monthly
transit ridership by its mode in the Seoul metropolitan city. It employs the Error Correction
AutoRegressive Distributed Lagged (EC-ARDL) model, using monthly time series data during
the recent 70 periods (Jan-2011~Oct-2016). Analysis results can be summarized as follows.
First, the Seoul population is positively correlated, but shortly negatively, to transit ridership
for all modes. Second, the increase of railway ridership in the non-Seoul capital region has
an significant important role in increasing transit ridership for all modes from the long-term
perspective, but only for subway transit ridership from the short-term one. Third, increase in
relative gas price per liter per KW1000 subway basic fare has negative long-run impacts on
ridership only for entire and bus transit, while only having negative short-run impact on
subway transit one. Fourth, the increase in the number of subway stops has positive impacts
on ridership for all modes in the short-term, but negative impact on bus ridership and
positive one on subway and entire ridership in the long-term. Lastly, ratio of economic
activity participation is positively correlated only to bus ridership in the long-term.
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Keywords m Public Transit Ridership, Demand Determinant Factor, Time-series Data, Error Correction
AutoRegressive Distributed Lag Model

I. 59 2ol gEte mals QoIS tist e 1 4
o 11 AREIO] ol8ET B ohjEl 87 Edol
1. ¥70| HjA U =X 40 T ST EQsi) QuEoR tiED

=
THE R0 AAMES dosh] Ysle] = S HRIOIM et 189 i, ASAE
AN

o5k @S Are 1 27 Wol Wol o A% W 08T A5SE FUs 2o oH)
59, UEUES RUkse uEAA Fesn S 1 AHILE] S ofF S0l o R4,

o= ZEET Uk olFe Mol tiEuE o)g  MARIAI 558 S0 WHQl Qs mEg
4= ACHTaylor and Fink, 2001). o]#st QaFRQl

0 £ES HEOEZIR) KfYos HTATK|T X
2015R1A2A2A03007992).
** Assistant Professor, Dept. of Urban Engineering, Chungbuk National University (hgsung@chungbuk.ac.kr)

o
njo
ng
o
4
0%
rn
re
-
e
2
X
m
no
S
o
o
o
no
[e]
(o))
O
w

Journal of Korea Planning Association Vol.52 No.2 (2017) | 81


https://crossmark.crossref.org/dialog/?doi=10.17208/jkpa.2017.04.52.2.81&domain=kpaj.or.kr&uri_scheme=http:&cm_version=v1.5

ox
ret

=2 1lefely] floto] EtE FUQIIAS] =
o o fITh JeLF tiRRS H5HE0] HA
J SCHAlam et al, 2015 8)9
ACHI 2 4= ACk
ROl H9] T0%E Hidotal
O] THIEAIQD Al0lA] o182
Sote JsAQl Hapt 22
FAoIA AR AL T} oS Hs)
101 HRICEE= AE9] KIEAQ1 Qt4y,
HEQH, 55] +d AW 4l
T W, REsAE 2R 7HE9)
b= Hol 27 Usus |8
IC}. TIe]al ojfst &iA
58 Halof tigt gake
7 QAL gkl K& A
4 QUCHChen et al, 2011;
Littman, 2004, 2016).
metA] 2 A HAQ Kok s
o

= o]g4:00] WEAISY AWY| 1S US

A
0%

1
bl
=)
N
S,

r

¥
l(i){i
Ot

r

g g

l

b
>

mo -
>

)

4y 1=

30 A

2 Mo ro
o e oz

El o o okt o b
it}

H1 - ofm

N

Spny

—_

AL sh= Bl FF0] QUth OlE floto] AEAlQ
NEWE sl IEuE Ol8Aet ol A
oISl tist g AAE A=@011d 18~2016
| 108)E F5oflAt St Jglal & ¢l
= AIAY HolE9] QA thet A7I9F T

SIE Sehold] 24 4 Qe S50 B 0l @
NS RS AAIRE S (Error
AutoRegressive  Distribusted Lagged  Model,
EC-ARDL ModeD)E REHSHLIAL SHTh

0|29 FAARK:= Tt 2t WAl 71&E
UEGHHA = o] XPEES AAISHIR
CeoEs AAY ARE &850

SIQi=ts)

=

Correction

b=

-
T

AL

=
=2

)

.
s FHE 0lgeeet FAE

*
il
i
o mr 2
FO & 0 i ofN

v
=T}

TZEAE, M523 23 (2017)

o Ul A AV AR B
2. M@l 1% U = gi7o| xpEy

HEns o8 gdake F= QU2 me
CIFSITE oS E04, Taylor and Fink(2001)& Al
HIA A9 Q19 118, AksAt sEUet 45
Jejal SR UM <l
(external factors)l} th&EwE 1 A9

uly iR 59

A= j -
T =l

i
—\QLD)

L} olE2
(endogeneity)0] EAGh=
B7} ot Fg S Ffofsh= o QJAoiA] B
HE0] ZQ¢ AWIRAES AFotal ALk

Alam et al.(2015)= UIEWE 018429 23
Qoloz Qe Xejeh AlBlANEE QO
Ql QRIo%, tEWE AHIAS] =
Hsns s Wa Qo=
CHEAIES] HA o8R0l of
Sl 180 mhEH,
Ag AMelshle 79
o1grRo 598t
Liu(1999)= nl= Colale] thEus
AHIA =29 St @& sl Je]al theAlA
o] QIqte}t 118 E7Pt 0l84=R9 S710 Zlojg
g 51al Utk
olst tIFQl QI HEo Hrt tiekst @
E0] HEWE ol85,R9 ZFHQ Q9I0|
T ot oE 50|, OEEEAI(The City
Edmonton, 2016)&= WRIEQl QOIS HEC S
ARt tEuws 349 7R (Transit-Oriented

Development, TOD)S] AZQAQ! Wi TR,

A(collinearity)
Sk

=k

i~

0l

fid

L3
=

of
=



Eus o8R0 tish FukEQl AEQQI9
AZATE HEN Y Q019 wsiet Q99|
Aol tist MIE0] F=St T RFEACE of
E B0, HIE0E 0l897 WHake 1 0|89t
s RN (O] e PSES| Sks HEE Wang et

Q= Sl Z
Littman(2004, 2016)2 tiExs QF Wl Sik=
SYst 3719] 714 Qlst HE 2
Mol g, Julal I AE7Roke ©YHEDk=
A7/ 1Pt Btk 82 Helal Utk BV1F 5§
= FAQ 189 YRHS] mE ZOE =
Adatal QAck

T O 58 Q019 Hish= 3dre 7140l tf
St Z10IC} Haire and Machemehl(2007)2 39HS
7VH0] 1% E7FoHd, HEWE ol84QE 0.24%
Z7ile Haskl Ul Nowark(2013)2 |ghe
7tARslo] thsus ol8eR9 EEde AFQl
A7 ofdE H6lal QUth o] mEH, Jde
71A0] AAY $3HCH FOH 018+Q9] Wit
g 0050/510]1], 1 HTE ZiksHH 0.12-0.14
2 TVigke HEilstal Ut gt Aud $48 =
sk 2008E OfEoll= HIA(0.28-0.30) Hit=
(0.37)7F Hr}h WA} BEdo] & delal Utk

HEns o0 R 7 T8l a1 o
Z1E 0l854Q9] AWHE Chen et al.(201)
A7 guiE tidsto] mlelsial QT olg2 h
= 75 tAlEe €E tisuE Ol8gRk: AlA

4R nizelks

i
e

g AR 8010 FlYR T2 VA Rss
WL tiEus @=2 g71eF ©@719 it oA
LIEHES B4l Itk &8t 159] 242l wh
=W, @=0lslet FIEF 79| Zoke FR2
Hsusel olge Fdsh= ol SaYe st
a0 QUk

2 Ao o] e AddSat Hlnsh
A B2 Ao AEde AMAlsi thaat 2tk |
A, B d3e dAlEn 22 EXol8} dxetd
o] et A BA0] ofd BAQ1 AJAE &}

55 8ol Utk Fold "ok Utk =AM,
SARE Aol A7t ofd g Aol S] SH

¢l 0185R0 HE AAS UIGHIA AAYE &

oS,
il
a
i
B\
)
2
T
ro
o
)
Q
5
D

)}

E—D+
£
)
=2
L

o, FARIOIA FEA] G0 SR 0l
ARFIMA & (AutoRegressive
Fractionally Integrated Moving Average Model)
o A3l 28 (AutoRegressive Mode)E 0l8
alo] ofE Qelo] ojg4Qo] daks i FthY]
[P} Q= AE TlelshlAt sk ZI0Itk,

A= 2 A57F Chen et al.(2011)9] ¢I71e}0l
AFEGOIA 7I016HH, = ZIKZ tiEe 4 QUrh
A, 2 Ae 58 tiEas Ho] ozt H
20 Rskdel olgrQol 501 Hado tiet
AQlS uOSIaIAL Sith= Folld 159 At
Aol7h ok S/, 247kl 159 ATtet &
Aoz Aths FolA FAYHEEA9 Aol7h R
Lt 159 A= & 1349 270d9] &7RIeR Ql
5lo] @l 77te] Eatsh AgE Q1510 ARFIMA
8ol Ago| 7R=8HGrandger and Joyeux,
1980). WHHO| 2 Ao BAYIEe F T1070E
2011 1€~2016E 108DE O]9 7IRht Hiw

Journal of Korea Planning Association Vol.52 No.2 (2017) | 83



ox
ret
Tk

S Agtoll Biksich olst oAl 8497
MEo] dtidoz Frial gxlete #A40] 7
QRS AP 1S]HIAIAFE S (ER-ARDL Model)
g5l Utk o] ol ths =R
HE0] Zojx dyr]oid Zolrt

o N
15

fljo
0L & o

RS
ST

A
ML
it

I HE2E $29 AWl 02N

Al F0l= &
HAe S5 285 OJ8AKOIt) O] Algs Al
2SAl GEltolH FFoA F5aleH, AnETL
T g4 A ARE 8% otk

OlEAI0] € HEE HA HEs, Ak,
Je)al WAz tidsiol AHEE, I8 13 2T
HUEoZ ARt AFH tHaE o7t 9lom, olg
+QO| FAHSME KokHo] MUHOoR &5
otal, A9 iEnse At 1~28 S0k Tha
Stefot= TiEE Holal QAN F=Ei6HRl= Lot

metA] 0f7|ofAl= OlsE e (moving average) S
Hgsto] 7PA  Ell(additive decomposition) 2
EX AFO EHE(Y=T+S+D)E ZFA|(Trend, T),
A& (Season, S), B8 (rregularity, DRQOIOE &
Sl(O1EH, 200M3kal, FAl QTe FEo10],
ske AHEE " 29 4tk

TR tisuE Ol8A FAl= 20149 ot
7R RSHCZ SVt 1 olF S 6H
4 2 2 ioliMe ot Sfehe
BE Holal QU™ 2(2). AISFEQ olgxk:
FAle RNESECRE STk niEKlE 20146
shbZlo] Zasitit 22 H i OAl thsoke
HES BT 2(b). I8t Alskd olgxke

%)

o A

84 | TREAE, Ns52# 23 (2017)

o e EW P A L
I'-,.__p““\"‘h.,‘" ! ‘A\' \\' LAF) \‘: LY

100

12011
542011
9/2011
12012
5/2012

12
12013
5/2013

13

Figure 1. Variation of monthly on-board transit
ridership by its mode (Unit: 1 million persons)
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Figure 2. Trend decomposition on monthly transit ridership by mode
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Figure 3. Trend on Population, moving-out population to the non-Seoul capital region, and
economic activity participation in Seoul
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Table 1. Fare increase of public transit in Seoul

(Unit: KW won)
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Year = = = Subway
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2003 700 1,400 1,300 450 700
2004 800 1,400 600 500 800
2011 900 1,700 700 600 900
2012 | 1,050 1,850 850 750 1,050
2015 | 1,200 2,300 1,100 900 1,250
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Table 2. Summary Statistics

Variable Variable Description Obs Mean | Std. Dev. Min Max
Ry pnsi On-board total transit ridership (persons) | 70 3.18E+08 1.72E+07 2.61E+08 3.42E+08
R ay On-board subway ridership (persons) 70 145E+08 8899298 1.17E+08 1.60E+08
Ry, On-board bus ridership (persons) 70 1.73E+08 9809015 1.44E+08 1.87E+08
POP Seoul population (persons) 70 1.02E+07| 97930.01 9954791 1.03E+07
ECON Ratio of economlc1a;'2:/1|)ty populatlon (age 70 0626 0.0051 0615 0.634
GAS Gasoline price. per f!trzr per 1000 subway | 7 | 476701 35687 114292 228118
SUBWAY No. subway stops 70 299.94 5.895 292 307
RalLway | Railway ridership in the non-Seoul capital | 7 | 51p 07 4518396 3356407 5.31E407
region (persons)
MERS proliferation period dummy (1=May,
MERS June, July in 2015; others=0) 70 0043 0.204 0 1
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(a) Entire model

(b) subway model

(c) bus model

Figure 6. CUSUM graphs for three transit ridership models
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Table 3. Summary on Analysis Results and Model Diagnose

Entire Model Subway Model Bus Model
(ARtransit) (ARsubway) (ARbus)
Coef. t Coef. t Coef. t
POP(k,) 14750 | *** 6.1 3644 | * 1.97 84.20 | ** 8.25
Long- ECON((k,) 1.52E+08 1.48 2.23E+07 02 | 1.15E+08 | **| 234
Run GAS(ks) -11709.16 | ** | -2.62 -439.27 -0.1 -3540.21 | * -1.77
Effects SUBWAY(,) -308499.2 -14 -41231.9 -0.2 -296532 | **|  -2.72
RAILWAY (k) 3.80 | ***| 5.99 1.99 | **|  4.04 1.70 | ** 5.96
LD.R(3,) 0.672 | ***| 294 0.290 1.64 0922 | ** 3.03
L2D.R(5,) 0.748 | ***| 3.63 0311 | **| 209 0.987 | **1 3,51
L3D.R(5,) 0923 | ***| 438 0.351 | *** 295 1118 | **  4.05
L4D.R(5,) 1.0186 | ***| 447 0302 | *** 3.12 1122 | **1 396
L5D.R(5;) 0.901 | ***| 3.71 0.083 114 0.899 | **1 321
L6D.R(3;) 0.743 | ***| 325 -0.019 -0.5 0592 | ** 247
L7D.R(3;) 0.610 | *** 3.0 0339 | * 1.78
L8D.R(y) 0.545 | ***| 3.14 0.241 1.62
Short- LOD.R(4,) 0440 | == 311 0.169 142
Run L10D.R(5,) 0.304 | ***| 3.05 0.099 1.15
Effects L11D.R(3,,) 0124 | * 1.97 0.009 0.15
D1.POP( ) -681.34 | ***| -2.91 -237.16 | ** -2.2 -348.66 | **| -2.25
D1.ECON(¢,) 2.28E+08 09 1.29E+08 1.23 1.01E+08 0.64
D1.GAS(&) -4020.5 -04 -13137.5 | ***  -30 -5683.5 -0.93
D1.SUBWAY(,) 739951.8 | ** 2.18 460089.6 | ** 2.34 453316.1 | ** 2.18
D1.RAILWAY(w,) 0.1478 0.15 13671 | =+ 3.11 -0.1802 -0.32
MERS(7,) 777700.8 0.31 -2469015 | * -2.0 1270590 0.78
Adjustment()) -1.65 | ***|  -48 -0.82 | ***  -3.0 -1.98 | **1  -4.61
Constant( ;) -2.2E+09 | ***| -446 -2.59E+08 -14 -1.5E+09 | **1 -4.02
Log likelihood -929.63 -981.32 -900.52
R-Squared 0.991 0.983 0.988
Model =1 R-Squared 0.985 0977 0.981
Statistics -
Durbin-Waston 2036 1964 1.950
d-statistic
Model Diagnostic Statistics
Entire Subway Bus
Pesaran et al.(2001) ARDL Bounds Test _ _ F-value 8.087%+* 3.86** | 7.293**
(Ho: No levels relationship)
LM test for ARCH Chi2-value 0.495 0.099 0.279
(Ho: No ARCH effects) | Prob.>chi2 04818 0.7528 0.5974
Breusch-Godfrey LM test for autocorrelation Chi2-value 0.508 0.018 0.002
(Ho: No serial correlation) | Prob.>chi2 0.4761 0.8944 0.967
Ramsey RESET test F-value 0.24 0.15 043
(Ho: Model has no omitted variables) Prob.> F 0.8645 0.9311 0.735

Note: p-value<0.01 for *** 0.01, for ** and 0.1 for * D=Difference, L=Lagged
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