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Abstract

This study is aimed at identifying the relationship of transit accessibility types to its related travel frequency in
the Seoul metropolitan area. A multi-level poisson regression model is employed after categorizing transit
accessibility into 18 types based on locations of residential and work workplace. Analysis results offer three policy
implications in improving transit use in the Seoul metropolitan area. First, increase in transit ridership can be
more effectively attained when policies concerning both competitive and complementary relationships between bus
and rail transit are incorporated. Second, transfer system needs to be focused on such two modal perspectives as
one travels from Seoul to suburban area and residential areas given the fact that walking accessibility to bus
transit is good but that to rail transit is poor. Third, it is more effective to emphasize rail transit priority rather
than bus transit, especially for the travel from suburban area to the city of Seoul in order to increase transit
ridership.
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Table 1. Personal travel frequency by transit mode

Std. 0-value
Mean Dev. | Freq. |Percent
Bus(tfeq bus) 0.359(0.767| 217,542 | 80.7%
Rail(tfeq rail) 0.323(0.739] 223,939 | 83.1%
Transfer(tfeq transfer) | 0.062|0.333| 259,800 | 96.4%
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Table 2. Trip frequency and percentage distribution by
residential and workplace for walking accessibility

Residence

Workplace Less than 10min
Accessibility . 5-10min. " | Total

5min above
Possible 35,105 54,922 |126,916 | 216,943
13.02% | 20.37% | 47.07% | 80.46%
Not-possible 12,263 18,313 | 22,108 | 52,684
4.55% 6.79% 8.2% 19.54%
Total 47,368 73,235 |149,024 | 269,627
17.57% | 271.16% | 55.27% | 100%
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Table 3. Distribution of transit accessibility for both residence and workplace

Walking Access to Transit . X Residence:Seoul,| Workplace:Non
Residence:Seoul, ;
. Total Workplace: Seoul Workplace:Non Seoul,
Residence gorkﬁ}?ce place: Seoul Residence:Seoul
Rail Bus stop ossibility Freq. % Freq. % Freq. % Freq. %
Typel Smin. S5min. yes 11,194 | 4.15 | 7,961 7.7 597 4.2 925 3.2
Type2 S5min. Smin. no 32,123 |11.91| 19,635 | 19.0 | 3,088 | 21.7 1,846 6.4
Type3 S5min. 5-10min. yes 951 0.35 681 0.7 47 0.3 78 0.3
Typed Smin. 5-10min. no 2,618 | 0.97 | 1,737 1.7 231 1.6 127 0.4
Typeb Smin. 10above yes 118 0.04 70 0.1 1 0.0 15 0.1
Type6 Smin. 10above no 364 0.14 183 0.2 35 0.2 23 0.1
Type7 | 5-10min. S5min. yes 13,356 | 4.95 | 7,706 7.5 718 5.0 1,867 6.5
Type8 | 5-10min. Smin. no 39,539 |14.66| 20,145 | 19.5 | 3,325 | 23.4 3,147 11.0
Type9 | 5-10min. 5-10min. yes 4,597 1.7 3,149 3.1 235 1.7 478 1.7
TypelO| 5-10min. 5-10min. no 14,253 | 5.29 | 9,086 8.8 1,380 9.7 789 2.8
Typell| 5-10min. 10above yes 360 0.13 216 0.2 17 0.1 57 0.2
Typel2| 5-10min. 10above no 1,130 | 0.42 639 0.6 87 0.6 73 0.3
Typel3| 10above Smin. yes 16,383 | 6.08 | 5,485 5.3 512 3.6 4,210 14.7
Typeld| 10above S5min. no 86,049 |31.91| 16,282 | 15.8 | 2,606 | 18.3 9,746 34.0
Typel5| 10above 5-10min. yes 4,273 | 1.58 | 1,589 1.5 148 1.0 1,005 3.5
Typel6| 10above 5-10min. no 22,408 | 8.31 | 5,396 5.2 824 5.8 2,129 7.4
Typel7| 10above 10above yes 1,452 | 0.54 616 0.6 57 0.4 295 1.0
Typel8| 10above 10above no 18,459 | 6.85 | 2,634 2.6 316 2.2 1,857 6.5
Total 269,627 | 100 |103,210| 100 | 14,224 | 100 28,667 100
FAR G} AFEAA L BT A& A s 74 Zele] Aol iFuE A2 +8 5(Type )& 15
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Table 4. Summary statistics of variables and their description in the final model

Variable Description Mean |Std. Dev.|Min. [Max.
tfeq bus No. of bus trips(trip/person) 0.359 | 0.767 | 0 | 6
Dependent tfeq rail No. of rail trips(trip/person) 0.323 0.739 0 6
Variable tfeq transfer | No. of transfer trips(trip/person) 0.062 0.333 0 4
tfeq tot No. of total trips(trip/person) 2.332 | 0.815 1 9
Igender 2 | Gender(dummy variable, 1=female, 0=male) 0.342 0.474 0 1
age Age(15-65years old) 44471 | 10.207 | 15 | 65
Tjob_type-2 | Job type(=service) 0.153 | 0.360 0 1
_Tjob_type-3 | Job type(=sales) 0.139 | 0346 | 0 | 1
oz Tjob type-4 | Job type(=administration/office) 0.291 | 0.454 0 1
% = _Tjob_type-5 | Job type(=construction) 0.138 0.345 0 1
= _Tjob_type-6 | Job type(=other jobs) 0.153 | 0.360 0 1
Iwork day 2 | No. of working days per week(=5-days working) 0.280 0.449 0 1
P Iwork day 3 | No. of working days per week(=5-days working every two weeks) 0.058 0.233 0 1
%. § _Iwork day 4 | No. of working days per week(=others, including self-employment). 0.222 0.416 0 1
g2 1d licens-2 | Ownership of driver license(1=yes, 0=no) 0.138 | 0.345 0 1
” 3 hh_mem No. of household members(persons) 3.412 | 1.093 1] 8
hh_child No. of children(persons) 0.166 | 0462 | 0 | 4
= Jcar own_ 1 | No. of cars per household 0.876 0.638 0 3
% ;’: Thome typ-2 | Housing type(=multi-family) 0.068 0.272 0 3
2 % Thome typ-3 | Housing type(=single-family) 0.280 | 0.449 0 1
e~ Thome typ-4 | Housing type(=officetel) 0.007 | 0.081 0 1
_Thome typ-5 | Housing type(=other housing type) 0.014 | 0.116 0 1
h_income Monthly household income(million korean won/month) 3.353 | 1.122 1 6
Interaction| _Id IXcar 2 | Interaction term of drive license and car ownership 0.068 | 0.272 0 3

Note: Reference variable is male for gender, professional job for job type, six-day working for working days per week, and
apartment for housing type

A Aoz FoAA S HEo} Hio] YES Q1 W A, el QAR E Table 490 A
A7} g THoE WA o2 Ao It (Korea sttt
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Fofule) S gulath =3 AQlead AgAAA] 9} T30l Azt & ¢ giok. B4 T dig 8
7HEl FAA19 dE % (public transit) H2/3 Mol & A7 549 digas H24d Fdd o
ST prz FEHIA HuWSolt) o)So] A st 2HE T ZNstaAl gt

thetwSets x| M31H M2, 20134 42 25



Article A Study on Categorizing the Types of Transit Accessibility by Residence and Working Place and Identifying its Association to Personal Transit Travel Frequency

Table 5. Analysis result for the entire region

Model A(Bus) Model B(Rail) Model C(Tranfer)
IRR z IRR z IRR z

Female Igender 2 | 1.806 | 70.43 | *** | 0.939 | -6.72 | *** | 1.090 | 3.98 | ***
Age age 0.984 [-41.92| ** | 0.978 |-54.49| *** | 0.976 |-24.71| ***
Service Job Tjob type2 21| 1.062 | 3.8 *010.815 [-11.62| *** | 0.729 | -7.57 | ***
Sales Job Jjob_type2 .31 0.961 | -2.42 | ** | 0.900 | -5.93 | *** | 0.728 | -7.36 | ***
Administration/office Job Tjob type2 4 | 1.071 | 4.81 | ** | 1.199 | 1245 | *** | 1.279 | 7.32 | ***
Construction Job ljob type2 5| 1.115 | 6.41 | *** | 0.774 |-13.18| *** | 0.848 | -3.7 | ***
Other Jobs Tjob type2 6| 1.049 | 2.85 | *** | 0.857 | -8.38 | *** [ 0.729 | -7.1 ok
5-days working a week Iwork day 2| 0.816 |-18.93| *** | 0.693 |-30.89| *** | 0.669 |-14.29| ***
5-days working every two weeks _Iwork day 3| 0.880 | -6.96 | *** | 0.774 |-12.84| *™* 10.906 | -2.29 | **
others” working days Iwork day 4 | 0.844 |-14.13| *** | 0.705 |-25.55| *** | 0.655 |-12.78| ***
No. of household members hh mem 1.225113.96 | ** | 1.152| 841 | ** | 1.125| 2.93 | ***
No. of children hh_child 1.004 | 0.78 1.013 | 2.51 **11.031| 2.38 *
Driver license ownership(=no) _Id license 2 | 0.886 |-10.91| *** | 0.901 | -8.88 | *** ] 0.989 | -0.42
No. of cars per household Jcar own 1 | 0.584 |-57.03| *** | 0.588 |-51.15| *** | 0.571 |-22.51| ***
Interaction term of drive license s

_Id 1Xcar 2 1| 1.550 | 25.28 1.380 | 15,99 | *** | 1.562 | 9.6 | ***

and car ownership

Multi-family housing “Th type 2 | 0.969 | -2.66 | *** | 1.006 | 0.48 0.909 | -3.06 | ***
Single-family housing Th type 3 |0.931 | -5.09 | *** [0.955 | -2.92 | *** |0.864 | -3.81 | ***
Officetel ‘Thtype 4 |0.881|-2.21 | ** |0.942 | -1.03 0.550 | -3.55 | ***
Other housing type “Ihtype5 [ 0.891| -2.8 | ** | 0.771 | -5.39 | ** | 0.787 | -2.02 | **
Monthly household income h_income 0.970 | -6.19 | *** | 1.031| 552 | *** | 1.132| 9.12 | ***
Type 1 Itransit2 1 | 0.755 | -9.12 | *** | 4.542 | 47.21 | *** | 1.724 | 6.7 o
Type 2 _Jtransit2 2 | 0.856 | -6.62 | *** | 3.373 | 43.42 | *** | 1.341 | 4.27 | ***
Type 3 Itransit2 3 | 0.705 | -3.92 | *** | 5.739 | 24.08 | *** | 1.7563 | 2.75 | ***
Type 4 _Jtransit2 4 | 0.763 | -4.97 | *** | 3.723 | 26.1 | *** | 1.612| 3.41 | ***
Type 5 Itransit2 5 | 0.388 | -3.16 | *** | 4.449 | 7.58 | *** | 1.643 | 0.86
Type 6 _Itransit2 6 | 0.860 | -1.1 3.643 | 10.67 | *** | 0.741 | -0.65
Type 7 Ttransit2 7 | 0.940 | -2.19 | ** | 3.581 | 40.38 | *** | 2.364 | 11.39 | ***
Transit Type 8 Itransit2 8 | 1.013 | 0.6 2.701 | 35.85 | *** | 1.526 | 6.39 | ***
accessibility Type 9 _Jtransit2 9 | 0.829 | -4.51 | *** | 4.158 | 35.14 | *** | 2.001 | 6.63 | ***
type Type 10 Itransit2 10| 0.899 | -3.8 | *** | 3.479 | 39.56 | *** | 1.345 | 3.66 | ***
Type 11 Itransit2 11 0.624 | -3.35 | *** | 4.943 | 13.83 | *** | 1.203 | 0.53
Type 12 _Itransit2 12 | 0.942 | -0.76 3.298 | 16.12 | *** | 1.385 | 1.55
Type 13 Itransit2 13| 1.159 | 5.73 | *** | 1.892 | 19.78 | *** | 3.943 | 19.62 | ***
Type 14 Ttransit2 14 | 1.112 | 5.27 | *** ] 1.053| 1.91 * | 1.744 | 9.08 | ***
Type 15 Itransit2 15| 1.147 | 3.49 | *** | 2.144 | 16.6 | ** | 3.142 | 11.34 | ***
Type 16 Jtransit2 16 | 1.096 | 3.75 | ** | 1.195| 5.51 | ** | 1.521 | 5.75 | ***
Type 17 _Itransit2 17 | 1.014 | 0.21 2.790 | 15.46 | *** | 3.459 | 8.06 | ***
Constant cons 0.898 | -3.11 | *** | 0.616 |-11.99| *** | 0.110 |-23.08| ***
Overdispersion parameter(alpha) alpha 1.877 12270 *** 114,993 o
Number of observations 269,627 269,627 269,627
Model Statistics Number of groups 187,546 187,546 187,546
Log Likelihood -198986.87 -177178.09 -52383.221
Wald chi2 9978.51 22351.16 3778.55

Note 1: "***” indicates p-value{0.01, "**" indicates p-value{0.05 and "*’ indicates p-value(0.1; and IRR stands for incidence
rate ratio, which is a synonym for relative risk.

Note 2: Reference variable is male for gender, professional job for job type, six-day working for working days per week,
apartment for housing type, and type 18 for transit accessibility type.
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Table 6. Analysis results for transit accessibility types where residence is Seoul and workplace is Seoul

. . . . workplace . transfer
Transit accessibility variables 1‘e51§entlal residential walk bus model rail model model
railway bus stop | cessibility | IRR | P)lzl | IRR | P)lz| | IRR | Pzl
Type 1 Ttransit2 1 Less than 5min possible 0.755| *** |1.531] *** 10.970
Type 2 _Itransit2_2 ‘| impossible [0.786| *** [1.268| *** |0.711| ***
Type 3 _Itransit2 3 | Less than Less than possible 0.690| *** |1.846| *** |1.030
Type 4 _Itransit2 4 HSmin. 10min. impossible |0.696| *** [1.392| *** |0.756
Type 5 _Itransit2 5 10min. above possible 0.418| ** |1.661| ** |1.031
Type 6 Itransit2 6 ' impossible | 0.757 1.656 | *** |0.544
Type 7 Itransit2 7 Less than 5min possible 0.965 1.279| *** |1.511| ***
Type 8 Itransit2 8 ‘| impossible |0.990 1.095| ** 10.944
Type 9 _Itransit2 9 | less than Less than possible 0.833| *** |1.402| ™ |1.177
Type 10 _Itransit2_10 10min. 10min. impossible |0.833| *** [1.291| *** [0.718| **
Type 11 _Itransit2 11 10min. above possible 0.660| ** [1.668] *** ]0.808
Type 12 _Itransit2 12 ' impossible |0.774| ** [1.249| *** |1.011
Type 13 _Itransit2 13 Less than 5min possible 1.137| ** [0.826| *** [2.930| ***
Type 14 Itransit2 14 ‘| impossible |1.156| *** [0.754| *** [1.849| ***
Type 15 _Itransit2 15 |10min. above| Less than possible 1.166| ** |0.954 2.389| ***
Type 16 Itransit2 16 10min. impossible |1.123| ** [0.855| *** [1.280| *
Type 17 Itransit2 17 10min. above possible 0.937 1.354| ** |1.837| ***

Note 1: Statistics for variables of both personal and household are not provided but included in the model.

Note 2! Reference variable is type 18 for transit accessibility type.

Note 3: "***" indicates p-value(0.01, "**" indicates p-value(0.05 and "*" indicates p-value{0.1: and IRR stands for incidence
rate ratio, which is a synonym for relative risk.
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Table 7. Analysis results of the model where residence is Seoul and workplace is non-Seoul

Article

Transit accessibility residential | residential workplace bus model rail model |transfer model
variables railway bus stop |walk accessibility| IRR | P)|z| | IRR |P)|z| | IRR |P)|z|
Type 1 Itransit2 1 Less than possible 0.977 0.950 | ** | 1.119| ***
Type 2 Itransit2 2 Smin. impossible 0.686 * 2.130 | *** | 2.381 | **
Type 3 | _Itransit2 3 | Less than | Less than possible 1.050 1.183 1.882 | **
Type 4 Itransit2 4 Smin. 10min. impossible 0.448 2.554 | *** 1 1.608
Type 5 _Itransit2 5 10min. above possible 0.871 1.199 3.033 | ***
Type 6 Itransit2 6 impossible 0.000 5.743 0.000
Type 7 _Itransit2 7 Less than possible 1.118 1.277 0.557
Type 8 | _Itransit2 8 Smin. impossible 0.812 1.737 | *** 12909 | ***
Type 9 _Itransit2 9 | Less than Less than possible 0.984 1.121 2.198 | **
Type 10 | Itransit2 10 10min. 10min. impossible 0.919 2.046 | *** | 2.215 *
Type 11 | Itransit2 11 10min. above possible 0.996 1.503 | ** | 1.894 *
Type 12 | Itransit2 12 impossible 0.244 1.511 1.654
Type 13 | _Itransit2 13 Less than possible 1.578 1.867 | ** | 0.856
Type 14 | Itransit2 14 Smin. impossible 0.648 | ** | 1.202 4773 | ***
Type 15 |_Itransit2_15|10min. above| Iess than possible 1.050 0.859 2,717 | ***
Type 16 | _Itransit2 16 10min. impossible 0.876 0.985 4.152 | ***
Type 17 | Itransit2 17 10min. above possible 0.945 0.849 1.902 *
Note 1: Statistics for variables of both personal and household are not provided but included in the model.
Note 2: Reference variable is type 18 for transit accessibility type.
Note 3: "***" indicates p-value<0.01, "**" indicates p-value{0.05 and "*" indicates p-value{0.1; and IRR stands for incidence
rate ratio, which is a synonym for relative risk.
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Table 8. Analysis results of the model where residence is non-Seoul and workplace is Seoul

) ) residential residential workplace bus model rail model |transfer model
Transit accessibility variables| ~ . walk
railway bus stop | essibility | IRR [P)lzl| IRR |P)lzl| IRR |P)lzl
Type 1 _Itransit2_1 Less than possible 0.502 | *** | 2.718 | *** | 0.872
Type 2 Ttransit2 2 Smin. impossible | 0.561 | ** | 2.578 | *** | 0.504 | ***
Type 3 _Itransit2 3 | Less than Less than possible 0.425 | *** | 2916 | *** | 0.761
Type 4 _Itransit2 4 Smin. 10min. impossible | 0.507 | *** | 2.577 | ** | 0.807
Type 5 _Itransit2 5 10min. above possible 0235 | * | 2390 | ** | 1.094
Type 6 _Itransit2 6 impossible | 0.390 2.623 | " | 0.546
Type 7 _Itransit2 7 Less than possible 0.594 | *** | 2.281 | ™ | 0.843
Type 8 Itransit2 8 S5min. impossible | 0.654 | *** | 2.276 | *** | 0.674 | ***
Type 9 _Itransit2 9 | Less than Less than possible 0.521 | *** | 2.360 | *** | 0.818
Type 10 _Itransit2 10 10min. 10min. impossible 0.677 | ** | 2.279 | *** | 0.623 o
Type 11 _ltransit2 11 10min. above possible 0.443 o 2.857 | *** | 0.505
Type 12 | Itransit2 12 impossible | 0.504 | ** | 2.094 | ¥ | 0.244 | *
Type 13 | Itransit2 13 Less than possible 0.871 | ** | 1.227 | ™ | 1.955 | ***
Type 14 Itransit2 14 S5min. impossible | 0.996 1.172 | *** | 1.403 | ***
Type 15 | _Itransit2 15 [10min. above| T.ess than possible 0.851 * 1.192 | ™ | 1.146
Type 16 Itransit2 16 10min. impossible | 1.077 1.131 * 1.326 | **
Type 17 Ttransit2 17 10min. above possible 0.723 | ** 1.284 | ** | 2.379 | ***

Note 1: Statistics for variables of both personal and household are not provided but included in the model.

Note 2! Reference variable is type 18 for transit accessibility type.

Note 3: "* indicates p-value(0.01, **" indicates p-value{0.05 and "*" indicates p-value{0.1: and IRR stands for incidence
rate ratio, which is a synonym for relative risk.
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