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ABSTRACT

This paper is to analyze characteristics of transfer trips and to identify impacts of land use on them. Using the smart transport
card data of Seoul on a weekday in April 2013, we explored general characteristics of the transfer trips such as spatial and
temporal distributions, transfer types, and geographical patterns of transfer trips. Then, the multiple regression model for the
transfer trips was developed, considering land use as well as socio-economic variables as explanatory ones. For the characteristics
of the transfer trips, their ratio to the total trips accounts for 26.7%. Nearly 87% of the trips are one-time transferred, and 64.7%
are bus-subway transfer trips. In addition, the transfer trips are more likely to appear nearby subway stations and business
facilities. The regression model indicates that land use variables such as the floor areas of business facilities and department
stores and mixed land use index significantly positively affect the transfer trips. Our results can be used as basic data for
choosing feasible locations of multi-modal transfer centers in urban areas.
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(Table 1) Summary of Literature Review

Category Authors(Year) Data Contents
Song el | In Marh 2000 Seaul | (B T F o] comcinit
(2011) transport card data (a weekday) . v . . & 1ee y
of public transit service
Sohn et al. Incheon transport card data Proposing index of transfer trips based on smart
Transfer trips (2012) (a weekday) trasnport card data in Incheon
chflraztetrlzaetlo Bin et al. In April 2009, Gyeonggi transport| Classifying functions of transit stops with transfer trips
¢ P (2012) card data (a weekday) using travel linking variable
classification
Lee et al. Survey data targeted at Daegu Analyzing transfer behavior of public transport users
(2013) Citizen (valid samples 818 copies) | and developing their transfer mode choice models
Kim-Sohn In 2011, 2013 Analyzing changes in demand of transfer stations
(2014) Incheon transport card data between 2011 and 2013 by transfer type in Incheon
Type K](I;Og%hn The 2002 Psse(nsie;u]()) /D trip survey Developing design criteria for transfer facilities
c1a551ﬁ?at10n Gyeonggi ResearchThe 2006 Pssenger O/D trip survey| Evaluating feasibility of planned locations of transfer
SIL s1'te Institute(2008) (Seoul metropolitan area) facilities using transfer trips by region and mode
selection
transfer center Kim-Lee In September 2011, Daegu transport| Estimating transfer trips for Subway Line 3 and
(2012) card data (a weekday) proposing locations of possible transfer centers
Gyeonggi Research| In March 2012, Seoul metropolitan Suggesting bus linkage index at rail stations and
. Institute(2013) area transport card data analyzing factors to affect their demand
Influencing (a weekday and a day weekend)
fact?rs Lim et al In 2011, Developing regression models by catchment area and
analysis ?n (2013) Seoul transport card data proposing TOD strategies
transfer trips
Hwang In October 2010, Daegu transport | Analysing the factors to influence bus-subway transfer
(2014) card data (Mon-Fri, Sdays) trips at subway stations using multiple regression models
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(Table 2) Independent Variables

Group Variable Unit Dat(aY:ac:)lrce
Residential floor area
Commercial floor area
Business floor area KLIS account
Land use Education-welfare floor area m’ book for
(facilities)|  Indestrial floor area taxation data
Cultural floor area (2008)
Other floor area
Land use mix -
Haengjeong-dong area m’
Population density per./ha
Society & Age population per. Seoul
Economy Worker per. sta]t;:cs
no. of vehicles veh.
amount of local taxes won

Note: Land use variables in 2008 are only available. Thus
this study assumed that they seems to be little changed.

(Table 3) Types of Building Facilities

Category Descriptions
Residential multi-unit dwelling, multiplex house,
facilities detached house, row house, dormitory
. neighbourhood living facilities,
Commercial e .
e sales-sports facilities, accommodations,
facilities
study room
public office-publicly used-business
Business facilities, broadcasting and
facilities communication facilities,
correctional ‘military facilities
Education/welfar medical -education‘research-training

e facilities facilities, facilities for the elderly

storage facilities, plant, a dangerous
article handling facilities, power plant,
cemetery facilities, transportation
facilities, sewage&garbage treatment
facilities

Industrial
facilities

recreational facilities, culture&assembly
Cultural facility | facilities, religious facilities, tourism and
leisure facilities

Others animal and plant facilities

(p;: Area ratio of land use

Epp

i=1 type ia
" Inn n:no. of land use type)

Land use mix
index
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(Table 4) Distribution of Transfer trips

Type Unlinked-trip Linked-trip Ratio
Single trips 5,627,386 5,627,386 73.3%
Transfer trips 4,417,463 2,046,481 26.7%
Total 10,044,849 7,673,867 100.0%
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(Table 5) Distribution of Number of Transfer
Frequencies

Number Of |\ edrip | Linked-trip Ratio
transfers
1 3537440 | 1,768,720 86.4%
2 719,331 239,777 11.7%
3 116912 29228 1.4%
4 43,780 8,756 04%
Total 4417463 | 2,046,481 100.0%

BB q o FIANE HFEHA A T2g A
Zro A H2EF Azt zolg AEE YT o
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(Table 6) Travel Time Distribution by Number
of Transfer Frequencies

Category 1 transfer |2 transfers|3 transfers|4 transfers
< 30 min 616,503 27,110 581 11
< 60 min 941,657 | 132,876 8,776 657
< 90 min 193,953 64,808 11,135 2,324
< 120 min 14,228 11,766 5,668 2,692
< 150 min 1,620 2,305 2,077 1,654
< 180 min 333 515 611 802
> 180 min 387 386 379 616
Total 1,768,681 | 239,766 29,227 8,756
Bus mSubway
{unit : 1,000 trip)
100%
80% 576
716
60%
20% 146
14 3
737
20% 597

0%
1stmode  2ndmode 3rdmode  4thmode  5thmode

(Fig. 1> Sequential Modal Distribution of Transfer
Trips
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(Table 7) Trip Distribution by Transfer Type

Type of transfer Linked-trip Ratio
Bus-Bus 715,246 35.3%
Bus-Subway 1,313,215 64.7%
Total 2,028,461 100.0%

Note: Subway-subway transfer data are excluded since they do
not have any tranfer record.
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(Fig. 2) Temporal Distribution of the 1st trip
and Transfer Trips by Mode
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(Table 8) Top 20 OD Pairs of Single and Transfer Trips

(Fig. 5> Geographical Distribution of Transfer

Rank| First origin — Last destination msggéi) First origin — Last destination ;?:s(f;r) First origin — Last destination ?;:;
1 Gangnam-gu — Gangnam-gu 152,227 | Gangnam-gu — Gangnam-gu | 22,184 | Geumcheon-gu — Seodaemun-gu | 223%
2 Gangseo-gu — Gangseo-gu 96,297 | Gwanak-gu — Gangnam-gu | 17,680 | Gangbuk-gu — Eunpyeong-gu | 218%
3 Seocho-gu — Seocho-gu 92,435 Gwanak-gu — Gwanak-gu 17,578 | Seodaemun-gu — Geumcheon-gu | 216%
4 Songpa-gu — Songpa-gu 91,670 Songpa-gu — Gangnam-gu 17,095 | Geumcheon-gu — Gangnam-gu | 215%
5 Gwanak-gu — Gwanak-gu 88,409 | Seongbuk-gu — Seongbuk-gu | 16,308 Gwanak-gu — Seongbuk-gu 182%
6 Nowon-gu — Nowon-gu 80,228 | Gangnam-gu — Gwanak-gu | 15,555 | Gangnam-gu — Geumcheon-gu | 180%
7 |Yeongdeungpo-gu — Yeongdeungpo-gu 74,312 Gangseo-gu — Gangseo-gu 15,472 Geumcheon-gu — Songpa-gu 175%
8 | Eunpyeong-gu — Eunpyeong-gu | 69,745 Gangnam-gu — Songpa-gu 15,300 | Dobong-gu — Seodaemun-gu 168%
9 Mapo-gu — Mapo-gu 68,373 Seocho-gu — Gangnam-gu 14,826 | Gwanak-gu — Dongdaemun-gu | 168%
10 Dongjak-gu — Dongjak-gu 66,380 Gangnam-gu — Seocho-gu 14,604 Seongbuk-gu — Gwanak-gu 166%
11 | Gangdong-gu — Gangdong-gu 61,427 Seocho-gu — Seocho-gu 14,600 | Eunpyeong-gu — Gangbuk-gu 163%
12 Guro-gu — Guro-gu 61,296 Dongjak-gu — Dongjak-gu 13,434 | Yangcheon-gu — Seongbuk-gu | 160%
13 Seocho-gu — Gangnam-gu 61,104 |Seodaemun-gu — Seodaemun-gu| 12,975 Dobong-gu — Gangseo-gu 160%
14 Seongbuk-gu — Seongbuk-gu 60,786 Gwanak-gu — Seocho-gu 12,303 Jungnang-gu — Gangbuk-gu 156%
15 Gangnam-gu — Seocho-gu 58,806 Songpa-gu — Songpa-gu 12,056 | Seodaemun-gu — Dobong-gu 156%
16 Jongno-gu — Jongno-gu 57,597 [Eunpyeong-gu — Eunpyeong-gu| 11,925 Gwanak-gu — Nowon-gu 154%
17 Gangbuk-gu — Gangbuk-gu 53,705 Guro-gu — Guro-gu 11,501 Yangcheon-gu — Dobong-gu 153%
18 |Dongdaemun-gu — Dongdaemun-gu | 50,895 | Gangnam-gu — Dongjak-gu | 10,926 Nowon-gu — Gwanak-gu 153%
19 | Seodaemun-gu — Seodaemun-gu | 50,068 Nowon-gu — Nowon-gu 10,853 Dobong-gu — Gwanak-gu 151%
20 Gangnam-gu — Songpa-gu 46,960 | Gangbuk-gu — Gangbuk-gu | 10,705 Geumcheon-gu — Seocho-gu 150%
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(Table 9) Regression Model Estimation for Transfer Trips

Variables Non-standardized Coefficients | Standardized Coefficients t-value VIF
Ratio of business facilities (%) 10.056%** 0.111 2.703 1.078
Ratio of green area (%) -60.002*%* -0.217 -3.790 2.097
Floor area of department stores (mz) 0.0168** 0.105 2.371 1.245
Entropy index of land use 47.324%* 0.156 2.962 1.780
Population density (person/ha) -2.882* -0.070 -1.386 1.648
Ratio of people aged 10-19 (%) -237.814%* -0.094 -2.281 1.092
No. of registered cars 0.318** 0.127 2.636 1.487
No. of employees (accommodation/food) 2.532%* 0.488 5.743 4.610
No. of employees (finance/insurance) -0.269%* -0.100 -1.786 2.007
No. of employees (professional service) -0.364** -0.142 -2.160 2.777
No. of employees (health/welfare) -0.627%* -0.077 -1.649 1.377
No. of employees (art/sport/leisure) 4.473%* 0.134 2287 2.201
sample size (n) 423
R’ 0358
F-value(P-value) 19.079(0.000)
Notes: ** P-value < 0.1, * 0.2 < P-value < 0.1
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