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Public transportation in a metropolitan
area

* Public transportation

: shared passenger transport services available for use
by the general public

. crucial element for the development and growth of a
metropolitan area

. a social tool that would benefit the disadvantaged
groups or minorities
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This research

* Focuses on the spatial implications
* Uses the concept of ‘accessibility’

* Does an empirical study in which a major expansion of transit
network is planned

How does the provision of further transit network enhance
:> transit accessibility (in the case study area)?

Any spatial variations?




Case study

A Population: app. 1.5 millions
. 2
N Area: app. 500 km
Gangwon-do
Inchieon®¢eoul
Gyeonggi-do
Chungcheongbuk-do
Sej i . . .
Chuniaghe ongram-do 2 transit systems in operation
DaejeonGyeongsangbuk-do
Buk-gu
o Gwangsan-gu
Jeollabuk-do g i ; -  Local bus
eo-gu
It (i ot Dong-gu - Subway
Jeollanam-=do Nam-gu

—> With a smart card, transfer between
modes or lines can be made for free, i.e.
B multi-modal transit system
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Case study

* Bus * Subway
+ ‘Smart card’
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Case study

Population and number of automobiles and buses in Gwangju

Populatlon (thousands) 1145 1375 146.8 148.8

Number of cars/va Qit] 8.2 33.7 51.8 53.5
ns Private 4.8 22.7 40.5 43.6
(thousands)

Buses [T = 510 530

Modal share in Gwangju

| 2008 | 2010 | 2012 | 2015 _
31.3 31.7 36.4 40.3
17.6 15.6 15.2 13.8
m 38.2 38.0 36.3 35.0
1.9 2.5 2.7 3.3
m 10.8 12.2 9.4 7.6




Case study

Current subway systems and modal shares in selected metropolitan areas of Korea (2013)

Subway Mode share
Operation Total Private .

begins length Bus | Subway - Taxi Others

Busan 1985 132 km 25.6 17.1 31.6 13.2 12.5
Deagu 1997 81 km 21.1 79 494 11.5 10.1
Deajeon 2006 23 km 22.1 3.8 58.9 10.0 5.2
Gwangju 2004 20 km 36.6 2.7 37.9 14.7 8.1
Seoul 1974 332 km 274 38.2 23.1 6.9 4.4
Korea - 25.9 3.0 53.6 10.4 8.0




Quasi-experimental opportunity

* Expansion of subway network

Original plan of subway construction

- Construction of both Lines 1 and 2 together + Line 3
joins later

- Line 1 asitis + Line 2 stretching north-south

Change of plan due to financial crisis: only Line 1 to go

Now new plan emerged and new Line 2 to be .
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Our setting

Three hypothetical stages defined:

=

Local buses only

2. Local buses + subway line 1
(current)

3. Local buses + subway lines 1

& 2 (future scenario)

a. Local Buses Only

b. Local Buses &
Subway Line 1 (blue)

c. Local Buses &
Subway Lines 1 (blue)
and 2 (red)



Our approach: accessibility

* Network accessibility

N
1
g e
ij

Ji#] i=1

Where N: number of subway stations and bus stops(N=1~n)
k: scaling constant
t;: network-based time distance between station jand j

* Time distance: a relevant measure when space is in consideration especially regarding the urban
travel behaviour



Our approach: accessibility

* How do we calculate the time distance between each pair of
stations/stops?

Assumptions
- Search boundary for transfer
- Shorter journey, more utility: shortest distance



Our approach: accessibility

e Calculation of time distance

Step 1: route information including the coordinates of stations & stops
and average journey time

Step 2: graph construction for all node pairs

Step 3: using the shortest distance journey algorithm the shortest
journey time for each node pair calculated

For each transfer, a penalty applied (8 min 3 sec)
Step 4: node accessibility measured



Results: global accessibility

Bus only
(n=2254) 2.292 2.292 - 5165.81

Bus + Subway line 1
(n=2274) 5.585 5.612 2.495 12699.63

Bus + Subway lines 1 & 2
(n=2318) 5.599 5.685 2.544 12977.67

"Av. Acc.: average accessibility.



Results: local accessibility




Results: local accessibility




Results: local accessibility




Conclusions & future directions

 Conclusions

- Expansion of transit network is indeed increases accessibility globally and locally

- The accessibility benefit garnered from the transportation investment does not evenly apply over
the space.

- The current transit system has significantly improved the transit accessibility and the planned line
would not have such a huge accessibility improvement.

 Future directions

- Possibly adding attractiveness of the locations where stops/ stations are sitting

- Integration of the concept of equity
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Transit service level

—"1—__-____._‘_

Service level of bus stop
= 30 persons x number of buses a day

Bus stop @

400m

Bus stop

Output Area (OA)
Subway station

Service level of subway station
=75 persons x number of trains x daily frequency

Conceptual example of service level
calculation



Transit service level

 The transit service provision was measured employing the Public Transit
Index (PTI) suggested by Currie (2010)

PTI = ZN (ATeCan % SLg)
n=1 Area;

Where PTI is the public transit index of output area / N is the number of access buffers in an OA,
B is the buffer n and SL the service level at B, .



Global equity measure

100% .
o 90% et o : :
8 e The Gini index is approximately calculated
o 80% L’ : :
3 w using the equation suggested by Delbosc &
g™ ,,/ Currie (2011), Welch & Mishra (2013) and
o 60% ol Kaplan et al. (2014).
_é 50% ,,"
@ 0% e G=1- E(Xk = Xk-1) (Y + Yie—1)
‘—‘g ’ k=1
2 20% L
S 10% et i ' i
R Where X, is the cumulated proportion of the population
0% — a= variable (4=0, 1,..,K with X,=0 and X,=1), and Y, is the
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% cumulated proportion of the location-based accessibility
Cumulative Proportion of Population measure (k=0, 1,..., K with )/0:0 and Y= 1).

= = = Perfect Equity Inperfect Equity

Example of the Lorenz Curve



Results: Lorenz curves
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(b) Employees ratio only (c) Residential population and

employees ratio



Results: Gini indices

ey e Local bus  Local bus + Local bus+ & I:;aggll_s A ﬁ;agee32| e |stag:;L| - sta
9 only Subway line 1  Subway lines 1&2 d d d

Residential popu
lation only

Employees only 0.823 0.795 0.781 0.028 0.014 0.042

Residential pop.

0.537 0.528 0.513 0.009 0.015 0.024

0.609 0.596 0.581 0.013 0.015 0.028

plus Employees



Discussion: Lorenz curves & Gini indices
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