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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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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
Egé“merc'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
Ssilce Middle scale 0.003 ** 2.52 0.003 ** 248 0.004 ***| 324 0.003 ***| 3.16
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 -1.43
~|Small scale 0.003 ***| 270 0.002 * 1.74 0.002 1.36 0.001 1.22
Sg’er“merc'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
sz'felce Middle scale 0.001 1.54 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
- 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 ***| -297 -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
o id 89| Halet MM Wat XYe]  FEARYEES Ol&silen, HIEASEY AR}
a4 el UWE Jekoll thel FAZuoIcE Kol 71 Aglet Zo® SRIFQ § 28 S
I 2004 8% BFHe= 2011WW 201499 o & 4= ARO|, SURAETE 0l8T HR, &
SHd 918 7]—’&9@ AEESH eR10lsd Al0] RIS 2RIV Aol Aoz LERITE
. 201140] A4 £917h 3, 201499 BHE 94, EEN UESIT SMENEY 29015
97 191 49, =RlolsdAleE 050H, 2011 HRE BAsH 21ts AHEH, Uit JFe
Hol 44 w217t 300, 2014499 B4 =Pt Ut ETlelesE MBI w9t Evtet
10091 Bl wRlolsdAla+= 050It O] A% ZIO% UEWICE S+ 4F8k M4 2% &
ol Rgo] HRPIHES AofshiFr] flal & QlAREE 29 AleE HA=, ol E7% 9
86 rZEAE, H52A 63 (2017)
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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 -0.45 -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
i 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 -4TE07 * -228 45E-07 ** 204
A Large scale 1.9.E-08 0.85 7.6.E-08  *** 329
Accem 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
REL WA TVk= 344 Holo] 2 gekg 1l SAFoE ROSHK= EUATE &S] HREE
AR L= 202 dZ6E 4= Uk o, HAEY L WHE ke |9t Mg =S/ 39
T 2 AHEHEAT 9 &7k AY9 548 AsE HULL ol 4-E51EY HFREke HIE
S0 2 dgg NiRles 2oz UEHTE o] 8 Z&d UED SHO 44 7o) gaks 1
nE B8, Ao B e Aol BN AR Pk A0 A 4 Ak o, @M T
E710]l 7lofsh= ZOE HHELrE F 2yt sst wEolA tisus AlEe 35
CEos, HIe2Ed HEYT AMEAE9 H & X9 Fd 7 SHoM HISsZ2sd UE
SIE Ao 2 AR SVhs MISAES 93 SHO SMlde STWIe ACE LIERIT
T SVt o] AL s ZCE LIEHIAITE
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