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Mediation Impacts of Physical Urban Form on Rail Transit Ridership by the
Infection Fear of the Middle East Respiratory Syndrome : Focused on the
Rail Station Area in Seoul, Korea
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Abstract

This study is aimed at decomposing and identifying the mediating effects of
transit-oriented compact city planning elements on rail transit ridership during the
proliferation of the Middle East Respiratory Syndrome (MERS) in Seoul, Korea. The study are
focused on how urban physical form such as density, diversity, design, and transit accessibility
in rail station areas had affected the decrease of rail transit ridership during that time
indirectly as well as directly, by employing the path modeling. Their indirect impacts on it are
measured as rail transit ridership of a rail station affected by the form indictors as well as
condensing trip-inducing facilities and socio-economic indicators for the 500m-buffer rail
station area.

Analysis results are summarized as follows below. First, rail transit ridership significantly
decreased by urban physical form as well as single-unit facilities within a certain area. Second,
the former had more indirectly influenced ridership decrease. Third, some urban physical form
such as density, diversity and design had statistically significant on it while total effects of the
two socio-economic measures had not. Fourth and finally, the avoidance for the use of rail
transit were more prominent for the elderly than for the others. In addition, all of the urban
form measures were differentiatively influenced by the two groups of rail riders.
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Table 1. Summary Statistics, Expected Relationship, and Multicollinearity Diagnosis
. L Var. Name Std. .
Variable Description (Structure) Mean Dev. Min Max VIF

log-  transformed reduced | oay.diff O 11191 1047 587 1359 164
pay-ridership(Persons)

Log- ~ transformed reduced | feedif O 9783 0925 366 1176 224
free-ridership(Persons)

Log-transformed  pay-ridership on - April . Gderss  © 13350 0934 781 1558 197
(Persons)

Log-transformed free-ridership on - April | ¢ ider04 © 11641 0845 534 1345 218
(Persons)

Total floor area of buildings for all all_ building © 1266 0609 0,04 375 323
types(km2)

Total floor area of residential .

buildings(km2) housing () 0.625 0.341 0.00 193 279
Total floor —area of commercal | i © 0079 0141 000 114 185
buildings(km2)

Index of land use mix for 5 types lum_5 © 0629 0183 0.08 0.98 179
No. Intersections intersection () 1334 86.901 2 373 219
Estimated average decile-income income © 4534 1473 233 9.42 219
Average land price(KWR 10000) land_price () 503.2 364.18 240 2238 323
No. bus stops bus_stop © 17558 8134 0 50 1.36
Transfer station(no/yes) transfer © 0364 0482 0 1 121
Urban subway line(no/yes) line_group © 0821 0384 0 1 1.29
Nearest Distance from two CBDs(km) CBD_dist () 6.646 3.856 0 15.78 173
No. of residential persons over 60s pop_60_over ® 22931 12350 8186 6750 213
Hospital with MERs-infected | ot hospital @ 0073 0260 0 111
patients(no/yes)

Inter-regional transit terminals(no/yes) terminal ® 0048 0.215 0 1 1.21
Department store(no/yes) department ® 0058 0233 0 1 131
General hospital(no/yes) gle”era'-hos""t ® 0115 0320 0 1 106
Kindergarten(no/yes) Kindergarten ® 0709 0455 0 1 154
Primary school(no/yes) prim_school ® 0700 0.459 0 1 1.29
Note: 'O’ is only dependent, '©' is both dependent and independent, '©' is both directed and indirected (mediation

measures), and '@' is only directed to the path of final two dependent variables.
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Table 2. Summary on Analysis Results of Path Modeling

Coef. z | Coef. z
Decreased pay-ridership (In_pay_diff < ) Decreased free-ridership (In_free_diff «+ )
In_pay_rider04 1103  *** 2492 | In_pay_rider04 0112 *** 33
In_free_rider04 -0.057 -1.23 | In_free_rider04 0944  *** 2643
all_building -0.129 ** -2.59 | all_building -0070 * -1.84
housing 0.075 0.92 | housing 0219 *** 348
commercial 0.565  *** 3.5 | commercial 0.392 317
lum_5 -0.085 -0.7 lum_5 0.117 1.26
intersection -0.001  *** -5.23 | intersection -0.001  *** -4.78
income -0.004 -0.22 | income 0.042 *** 312
transfer -0.059 -1.52 | transfer -0.053 * -1.78
line_group 0.059 119 | line_group -0.093  ** -244
CBD_dist -0.019  **= -3.23 | CBD_dist -0.012  **= -2.7
land_price 4.04E-05 047 | land_price -5.26E-05 -0.81
bus_stop 0.002 0.86 | bus_stop 0.002 123
pop_60_over 0.000 -0.63 | pop_60_over -1.3E-05 -0.83
infect_hospital 0.103 149 | infect_hospital 0.158 *** 3.0
terminal 0167 * 193 | terminal 0135 ** 2.04
department 0.105 1.25 | department 0.064 0.99
general_hospital 0.077 14 | general_hospital 0074 * 177
kindergarden 0157 *** 343 | kindergarden 0.058 * 1.65
prim_school 0.001 0.03 | prim_school 0.071 ** 2.22
constant -2.610 -9.15 | _cons -2.836 -12.97
Pay-ridership on April (In_pay rider04 « ) Free-ridership on April (In_free_rider04 « )
all_building 0.560 *** 5.01 | all_building 0187 * 174
housing -0469  *** -2.63 | housing 0.013 0.07
commercial 0.115 0.3 | commercial 0806 ** 219
lum_5 0.737 ** 254 | lum_5 0.744  *** 2.66
intersection 0.002 *** 3.04 | intersection 0.002 ** 25
bus_stop 0.001 0.2 | bus_stop 3.15E-04 0.06
transfer 0.020 0.21 | transfer -0.080 -0.89
line_group 0616 *** 543 | line_group 0.503 *** 4.6
CBD_dist 0.044  *** 321 | CBD_dist 0.049 *** 371
income 0.038 091 | income -0.044 -1.08
land_price 2.12E-04 1.04 | land_price 359E-04 * 1.84
constant 11.095 *** 3551 | constant 9962 *** 33.07
var(e.In_pdiff) 0.096 ***
var(e.In_fdiff) 0057 **
var(e.In_pay04)| 0.585 ***
var(e.In_free04) 0544 ***
cov(e.In_fdiff,e.In_pdiff) 0.005 ***
cov(e.In_free04,e.In_pay04) 0.041 ***
Obs [l(null) ll(model) df AIC BIC
330 -1339.2 -547.7 72 1239.34 1512.87
Model Statistics Goodness of fit indices RMSEA CFI TU SRMR
Actual 0.071 0.989 0.947 0.022
Baseline <0.08 >0.90 >0.90 <0.08
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Table 3. Decomposition Results of Physical Urban Form Effects on Rail Ridership Decrease

Direct Effect Indirect Effect Total Effect
Coef. z Coef. z Coef. z

Log-transformed Decreased Paid Riders

all_building -0129 ** -2.59 0.607 *** 5.08 0477 *** 3.75
housing 0.075 0.92 -0.518  *** -2.74 -0443  ** -2.16
commercial 0.565  *** 35 0.081 0.2 0.646 149
lum_5 -0.085 -0.7 0.771 ** 251 0686 ** 2.08
intersection -0.001  *** -5.23 0.002  *** 3.04 0.001 0.86
bus_stop 0.002 0.86 0.001 0.21 0.003 0.51
transfer -0.059 -1.52 0.026 0.27 -0.033 -0.31
line_group 0.059 119 0.651  *** 5.39 0.710  *** 55
CBD_dist -0.019  *** -3.23 0.045 *** 3.15 0027 * 173
income -0.004 -0.22 0.045 1.00 0.041 0.86
land_price 4.04E-05 047 2.1E-04 0.99 2.5E-04 11
Log-transformed Decreased Free Riders

all_building -0.070 * -1.84 0239 * 211 0.169 143
housing 0219 *** 348 -0.040 -0.22 0.179 0.94
commercial 0392 *** 317 0774 ** 201 1167 *** 29
lum_5 0.117 126 0.785  *** 2.68 0902 *** 294
intersection -0.001 -4.78 0.002 ** 2.59 0.001 0.99
bus_stop 0.002 123 | 43E-04 0.07 0.003 045
transfer -0.053 * -1.78 -0.074 -0.78 -0.127 -1.29
line_group -0.093  ** -244 0.544 *x* 474 0451  *** 3.76
CBD_dist -0.012 -2.7 0.051  *** 3.70 0.039 *** 271
income 0.042 *** 312 -0.037 -0.87 0.005 0.12
land_price -5.26E-05 -0.81 3.6E-04 * 177 0.000 145
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