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A Study on the Monitoring of Urban Activity and Spatial Structure Changes
using Public Transportation Big Data
- Based on the Smart Card Data and the Prestige Centrality Index in Seoul, Korea -
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Abstract

This study examines the changes of urban activities and spatial structure using the smart
card data recorded in March, 2011 and October, 2014. First, this study identified working trips
and non-working trips from the smart card data since the data does not include trip
purposes. Second, we investigated the correlation of the origin-destination matrix and the
centrality index between weekdays and weekends. In this process, we applied a Tkmx1km
grid unit because the administrative units were not appropriate for analyzing the smart card
data. Third, we analyzed the degree of polycentricity and its dynamic changes from 2011 to
2014 in Seoul based on working trips and non-working trips. Lastly, we examined the
determinant factors of the degree of centrality and its dynamic changes over time. The
results confirmed that there has been changes in travel pattern and the spatial structure
between 2011 and 2014. Moreover, the results indicated that the spatial structure of Seoul
has been transformed towards polycentricity since 2011. In addition, the prestige centrality
and its increase were associated with large-scale department stores or commercial complex
facilities. The findings of this study indicate that large-scale commercial and business facilities
and public transportation infrastructures are highly associated with the degree of prestige
centrality and its changes.
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Figure 4. Temporal patterns of trip distribution
on Tuesday (October 21, 2014)
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Figure 5. Temporal patterns of trip distribution
on Wednesday (October 22, 2014)
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Figure 6. Temporal patterns of trip distribution
on Thursday (October 23, 2014)
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Figure 7. Temporal patterns of trip distribution
on Friday (October 24, 2014)
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Figure 8. Temporal patterns of trip distribution
on Saturday (October 25, 2014)
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Figure 9. Temporal patterns of trip distribution
on Sunday (October 26, 2014)
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Figure 12. Relationship between prestige centrality index and rank by year and travel purpose
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Table 1. Determinants of prestige centrality by travel purpose and time (Spatial durbin error model)

Prestige centrality index of commuting Prestige centrality index of
network non-commuting network
Variable Year of 2011 Year of 2014 Year of 2011 Year of 2014
Coef. z Coef. z Coef. z Coef. z
(Intercept) -0.030 -1.10 -0.005 -0.20| -0.053 * | -1.83 -0.023 -0.83
) Small scale 0.006 * 1.83 0.006 * 2.01 0.009 ***| 2.89 0.008 ***| 2.65
E;mmerc'a' Middle scale 24E-04 020/ 0002 134] 0,001 111] 0002 * | 181
Large scale 0.002 ** 2.31 0.003 ***| 347 0.002 ** | 215 0.003 ***| 3,06
. Small scale 0.004 * 1.82 0.002 1.24 0.003 1.55 0.001 0.36
szfelce Middle scale 0.003 ** 2.52 0.003 ** 248 0.004 ***| 324 0.003 ***| 316
Large scale 0.003 ***| 3.21 0.002 ** 1.96 0.001 1.00 0.001 0.72
- Bus station 0.004 ***| 6.89 0.004 ***|  6.54 0.003 ***| 818 0.002 ***| 583
Accessibility -
Subway Station 0.118 ***| 20.96 0.100 ***| 18.85 0.116 ***| 23.61 0.104 ***| 22.31
(Intercept) -0.022 ** | -222 -0.019 = | -201| -0.012 -1.20 -0.014 -143
~|Small scale 0.003 ***| 270 0.002 * 174 0.002 1.36 0.001 1.22
S;mmerc'a' Middle scale -0.001 -138]  -0.001 -133]  -0001 | -136] -0001* |-195
Large scale 1.0.E-04 0.25| 1.1.E-04 0.30| 9.1.E-05 0.23| 2.8.E-05 0.08
w| Small scale -3.3.E-04 -043 0.001 0.69 0.001 0.76 0.001 1.07
SSTCE Middle scale 0.001 154 0.001 * 1.66 0.001 1.26 0.001 1.62
Large scale 49.E-05 0.13| -3.6.E-04 -1.01| 1.6.E-05 0.04| -2.3.E-04 -0.69
S Bus station -3.4.E-05 -0.16| -1.7.E-04 -0.87| 1.4.E-04 116 9.9.E-05 0.92
Accessibility
Subway stn. -0.008 ***| -393 -0.004 ** | -2.04| -0.006 ***| -2.97 -0.003 * | -1.76
Lambda 0.051 *** 0.050 *** 0.064 *** 0.053 ***
Observation (N) 544 544 544 544
Moran’s | (OLS) 0.157 *** 0.192 *** 0.116 *** 0.124 ***
Moran’s | (SEM) -0.004 -0.006 -0.002 -0.005
Moran's | (SDEM) -0.002 -0.003 -0.004 -0.007
AIC (OLS) -948.1 -1013.2 -997.5 -1064.3
AIC (SEM) -967.5 -1040.8 -1036.3 -1092.9
AIC (SDEM) -974.1 -1038.2 -1044.1 -1094.3
*** p<0.01; ** p<0.05; * p<0.10
of 7 8o Wl MMl Webl Aol ASARS o8I, BEHSAI TUOR
o Halo] mXle ggo] tiet 2480ty Yol Tha Aot Aoz eRIHCE & 28 &
I 204 EEE ESHMeE 20118 201469 o & 4 QURO|, SRAEES olgd A%, &
A oRIE VIECE LKES eRIojad K50 IRPIERE 2RIV MofElE AoE LRI
oF. 201189) 44 #9171 3, 2014qu] MY 4 S2EY UEA JMSHEY &fl0s
A7 191 42, oRolsgAeE 050, 2011 MHA¢E BAsH ditE ARH, thite] R
Ho| 2414 £2171 300, 201450] SHE SV T ERIleTE fINEAEY vt SVt
1009] AT FIOIEARISE 050Ick o] A% A0 Uekirh E7% JREE Waol 29, f
ol Rgo] TRPITHEE AofsiF7] flel & QelAATE 89 ATE HAU=H, ol S5 ¥
86 TZEAE, H52A 63 (2017)



A S= BUH

Yof| st A7

SHEMHE o
o=

2 E AMBEE =9

[0l5gX|+ Sl 2421 (&

2l o X )

Table 2. Determinants of rank mobility index(RMI) of prestige centrality by travel purpose (Spatial

durbin error model)

RMI of prestige centrality of RMI of prestige centrality of
Variable commuting network non-commuting network
Coef. z Coef. z
(Intercept) -0.008 -045 -0.008 -0.44
_ A Small scale -3.0.E-07 -0.98 -4.1.E-08 -0.12
Commercial - "x"Viddle scale 5 4E07 103 25E-07 043
A Large scale 7.1.E-08 1.16 1.1.E-07 154
] A Small scale 2.3.E-07 044 -5.6.E-07 -0.95
Office A Middle scale 14E06 | 285 10E06 * 184
A Large scale 2.0.E-07 *** 3.68 -5.2.E-08 -0.85
Accessibility A Bus station 0.003  *** 8.20 0.002 *** 5.71
A Subway station 0.029 ** 1.99 0.070 *** 424
(Intercept) -0.008  *** -2.58 -0.004 -1.26
) A Small scale 3.6.E-07 *** 3.26 33E-07 *+* 2.83
S:emmerc'a' A Middle scale -63E-07 ** 271 -45E-07 * -181
A Large scale 9.9.E-08  *** 3.58 74.E-08 ** 246
w ) A Small scale 1.6.E-07 0.85 -2.0.E-07 -1.04
S:fe'ce A Middle scale -4TE-07 ** -228 45E-07 ** -2.04
A Large scale 1.9.E-08 0.85 7.6.E-08  *** 329
Accessibility A Bus station 3.1.E-04  *+* 2.75 8.0.E-05 0.68
A Subway station 0.002 0.24 -0.005 -0.82
Lambda 0.065  *** 0.044  ***
Observations (N) 544 544
Moran's | (OLS) 0234 *x* 0.128  ***
Moran's | (SEM) -0.021 0.000
Moran's | (SDEM) -0.018 0.002
AIC (OLS) -1123.9 -1033.8
AIC (SEM) -1197.6 -1060.3
AIC (SDEM) -1217.2 -1068.6
** p<0.01; ** p<0.05; * p<0.10
FEL WA FVk= B4 Holol] 2 gdge 1l SAFCE RolsiAle E/UtE TS dRE
AR L= 202 AZ6E 4= ik SHE, HAY T HE S7ie ROt M2 =SSR 29
58 2 ASFEEAG 40 Zke Kool BAH AGS WL ok 45RO JARSTE HE
SVl 2 dgg NiRle 202 UERTE o] 4 Zad HEI SHO 44 S7i0] gake 1
e Soll, AYel HIE 7ide X9 S4d AR &= 2oz WsiE 4 Atk ohE, A T
S7M0ll 710f5h= Aoz T F 2 sct oA tisus Al 35
CEos, HIe2Ed HENT AMEAE9 H & X999l Fd 7 SHoM HisZ2sd UE
512 BAS 23, JYWAES SR JNBENLS] 913 Suol BH8S Z/MYIE AR e
¢ BV g9 AV Qe ZAeE VERIAT
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