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Land-Use & Transportation Systems

Jinhee Kim
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Assistant Professor
Urban Planning Group
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32 574): Investigating Transit Travel Behavior in Route Choice with Smart-card Data
"

Seminar
At Eindhoven University
10. 08, 2018

Investigating Transit Travel Behavior
in Route Choice with Smart-card Data

Hyoungchul Kim, PhD.

Chungnam Institate at Gongju
South Korea

2. Smart Card

Types of Smart Card

® 4 Preparing Data for Analysis

Grouping near-by bus stops to a node

5,029 aggregated bus stops
13

® 5. Calibration of Transit Route Choice Model

Utility Function of the Choice Model

Exp(NX)
(Number of
transfers)
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- B A Social Networks, Social Influence and Activity-Travel Behavior

Table of Contents
@ Background

@ Ego-Centric Approach
@ Social Activity & Travel
@ Social Influence on Activity-Travel Decision |
@ Future Research Directions

TU/ei="" 2

Social Networks \

<+ A set of actors and relafionships connecting pairs of these actors

Actor
{Node, Agent, atc.) M )

"~ (-]

-~ 4 N ¥ _ N
Refationship g LA - 2
cﬂe,]_lnt,m.;-' - ' ' '

e § 7.
R’
' i ] - ' B
u ' ; "
£

&
Y . 8
v ¥ ¢ ¥ ¥
Types of soclal network

Famity, Friands, Coleague, Nesghbar,
TU;"E — F 'Ell,’e T ClubiAssociation, Acquaintance, ete.

o,
=

=g
=
>
p—
=_E>
miia

‘Social Activity & Travel ‘ Social Influences (Conformity Behavior) ‘

% Social activity <+ People may act upon or change their decisions to match
» Conducting a certain activity with social network members attitudes, heliefs and behaviours according to the norms of their
= Types of social activity are various: social network.
* Shopping
* Leisure BRSNS RS FOERNE) ++ Motivation (Cialdini & Goldstein, 2004)
* Business = To achieve their goals efficiently,
* Sports = To be accepted by the members of the group, andior

* Talk, atc. = To maintain positive seif-concept

“ A considerable amount of B + Other terms
transporiation demand might be = Spill-over effect, peer effect, social multiplier, bandwagon effect,

derived by social activities. imitation, contagion, herd behavior, etc.

Zriskd TTLHRER. kTS

TU/fe =" s TUfe = B
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Role of Social Perspective in Travel Behavior l | Beyond Individualistic Perspectives |

<+ Unit of traffic analysis
] zone
Study Area 5

TU/fe == 4

‘Beyond Individualistic Perspectives ?p"
< Unit of traffic analysis _ [ zoms
&t
O Housshold
= -

%+ Social network characteristics of each individual can be
= ascurce of explanation of social activity-ravel generation, and
= asource of explanation of other activity-fravel decisions. LTI SR —————

This darker sins G sl . M o ivdadty Buy tebus & agert n.

'I'I.l,"e T " T“'-'B"'_"%'. . 10

e _1

< How to identify social network of each individual
% How to measure the effects of social networks on
= Social activity-travel generabion, and
= Social influence in aclivity-travel decisions

++ How to model those effects {o forecast fransportation demand

TU‘F&T" : i1 T“.-'&"‘"“ . iz

_20_



. Eun-t‘.’ﬂltric Network I ~ Step 1: Identifying Ego-Centric Networks

++ From the respondent’s perspective, an ego-centric network can + Eliciting manageable lists of alters among all social network
he viewed as ‘my network’. members of a respondent

Ego-centric network of actor 5 < Name generators

= [Ex) people with whom:

= you discuss important matters,
= you regularly keep in touch with,

= you spend leisure time,
= you make plans to spend free time, ste.

TUfes= 13 TUfe== 4

‘Step 2: Measuring each ego-alter relationship

Example 1: Hogan et al. (2007)

< Name interpreter (Atiributes of ego-centnc data)
= Type of relationship
= Degree of closeness (i.e. tie strength)
= Dwraticn of the refationship
= Contact frequencies

= Ppisodes of social activities
* Freqguency, purpose, location, duration, the number persons
involved, time of day, etc.

Shimm bl s fie
Trogea asn- b hyeTs P 0 10Tt 4 g g

3 tprererba < b e e i

W Gy

4 e LSoms s v e

£ Yery choss wher plese.

e i, g migmes o ey e .

TUfess " b ' .

le 1: Hogan et al. (2007) = Example 2: Kim et al. (2017)

< Name gt v orasine T pawp et oLl e b T (0. by, i, e
Gibange wgbled

generator Framas comaita Waas paie

i cs bt Seinen P B rITRSS oF At ot S pecpiia For dach Catmgany)

Vi o, 8 4 i 3 e chobirmiom, i ke s P B s i o
A a4 A, it T 1 T8 Tim de:
fortegery e ]
I e
Pao e
2 persons e
far sach =
social cotegory. e -
Bas
Sprs v
ot .
"‘-.‘3‘5- SRR
| sl ]
TU /e =" a7 Tl.lfe = dnasal "
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Example 2: Kim et al. (2017)

~ Ego-Centric Data Collected |

LLLIEELLEL
|

TUfe =

- Approaches (Models)

+ Test of causality
= Regression models
= Path analysis
= Struciural eguation models, stc.

+» Ego-level analysis
= Aggregate patterns of social activity-travel
= Ex) What kind of person interact more ofien on average?

= Endogeneity
« Ego-alter-level analysis } G !
= Alkwing for heterogeneity according to specific alters { etwark size J_‘ aﬂm:nmJ de
= Ex) With whom do people interact more often? i - =
+
TU e =10 ,, TU e ="

_22_



Empirical Findings |

++ Social activity participation (continue_ )
= People tend to have more frequent social activiies with:

+ Friends,
* Close alters {emolionally andfor geographically),
* ARers in the similar age group

+ Alers who contact more freguently using ICT modes
— ICT= tend to have a complementary role with respect to face-to-
face interactions.

Tl.l,"e - s

‘Measurement of Social Influence Variable ] ‘

« Proxy variable approach
= The lack of the explicit social network information of each individual
in a large-scale study area
= Assuming that the aggregate behavicr of one's true reference group
can be represented by the average behavior of a particular sub-set
of observations whose socio-demographic characteristics and
residential location match these of the reference group

+ Experimental approach
= [During a stated choice expenment
= Sgcial influence varnable is deal with as an experimental attnbute
which is hypothetically designed by researchers and
systematically varies across different choice situations.

TU/e = »

Empirical Findings

= Social activity location (Travel distance)

Discrete Choice Model of Social Influence

++ Discrete choice with social interactions @k & Dunaw, 2001)
= " _the utiity or payoff an indvidual receives from a given action
depends directly on the choices of others in that indvidual's
refersnce group, ... This fype of spill-over iz an example of a
classical nonpecuniary externality.”
< A general utility function with social influence variable

Uy =Xy B + 55 8% 455

——— = Focial Inflrence Yarkabis

AviErage Denavior of agent n's
referance

L e
n
{= soclal nEswork)

B {1 ) vmeier of sislarekiny verlebi teseribiig
aarnadn § mhd agen o

AN 1) vt of moeffiesents of woskn iy eribies
& toaiien! of sosel st Wicnlie

S, 1

A pandem diteos S of st [ by agentn

TUje == =

Measurement of Social Influence Variable : |

+» Ego-centric approach
= Assuming the ego-centric network elicited by ego represents the
reference group that influences ego’s behavior.

= After the name interpreters, respondents are asked to report the
alters’ travel behaviors.

++ Combined ego-centric network and experimental approach
= First, collecting the ego-centric network
= Second, designing the hypothetical social influence variable using
the real alters’ name

TI.I_." = 30
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Measurement of Social Influence Variable ‘

+ Combined ego-centric network and experimental approach

{continue.)
= BEx) Kim et al (2017)

L L]
Wi b By ST WD i it 1 B AT

y =N

i % o e o 00,
Furchan casl Lt -\K-'H;ﬁ The Rl | iy ey
N i it

- M-y Ny e Rt

Mencn (ww Vit i i Comnus
feama oo’ |t oy EUT
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et R e etel mer g
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el e e
P rr

s G ST
e it 40 e
Shcarty ok gar

R

bt
; 3in e iaes

ey [t
wmmoe (GED Meme | am

At i e Frgbing WLV s Triaes
b b i

Measurement of Social Influence Variable

Measurement of Social Influence Variable ‘ Measurement of Social Influence Variable

< Combined ego-ceniric network and experimental approach

{continue.)
= Ex) Kim et al. (2017)
* Result

Buy-2nd car

TUfe ="

Joincar-sharing

gt Choles:
mand Chidcs

< Combined ego-ceniric network and expenimental approach

(continue. )
= Ex) Kim et al. {2017)
= Result

15.1% of 1** decisions are changed.

Do-nething ‘Do-noming o504 £29%

Buy-2< car
b ks o
Do-pothing
Bly-24 car
Join car-sharng
Do-nofhing
Buy-2 car
Join car-gharing

5
5
A

8%
A%

JEEA%

28%
a7%
16%
A2g%
A0%
1%
133%

185%

L. | P

< Travel mode choice
= |nfluenced by

* Reference group with similar socio-demographics

* Reference group iving close

< Carfbicycle ownership
= Similar with ‘fravel mode choice’

< Electric vehicle purchase
= |nfiuenced by general market share
= Nonlinearity in social influsnce

TUfe ==

_24_

++ Electric vehicle purchase
» Ex) Kim et al. (2014)

Utifity .

Share of eectric vehicles amang friends

TU/fe ="



' Findings |

< Jaining car-sharing organization

seocl mifeemce by ovnd caepary

e e T e

el e | nadee] [
hbers = el [“awa

+ Designing proper name generators in activity-trave! research % Developing a comprehensive model of activity-travel behavior
= Highly depend on ideniified nefwork = |ncorporating the social perspective into activity-based models of
= Selection bias issue {non-random sample) travel demand forecasting

< Joint scheduling on social activity-travel < Application of new data sources to social interaction sfudies
= Negotiation = Using user-generated data from smart phones, smart cards, and

social media {e.g., Twitter, Facebook, etc)

a foicots o sockal i . ;.ijmtugdatamntammmgocaalmmmmandsmm-tmmmi
* (ﬁwueseiw'rmwhon = Therefors it may provide befter or complementary opportunities for
= Jeint decision-making, etc. researchers to get more detailed and accurate information of

connected personal networks inciuding their activity-fravel pattems.

TUje == i TU /e
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Investigating Transit Travel Behavior
n Route Choice with Smart-card Data

_ T Background

ﬂ 1. Smart Card

¢ 3. Traveler's Behavior in Smart—card Data
Hyoungchul Kim PhD.

IE 4. Preparing Data for Analysis
Cir Institute at Gongj i
e /5. Calibration of Transit Route Choice Model

n 1 . Bacl_{_ground ‘ -1. Barkgmu_nd

Motivations Research Focuses

+  Few studies about transit route choice behavior in composite *  Preparing meaningful transit data from transportation smart-
transit network with revealed preference data. card, and simplifying bus network: by grouping bus stops.

+  Valuable information on the traveler’s transit path in smart card *  Analyzing simple statistics with smart-card data, and finding
data general mle of mode and route choice behavior.

+  The necessary of calibrating route cheice model for better «  Calibrating medel for route choice on the composite transit
forecasting at the stage of transit assignment in policy analysis. network using smari-card data.

2 3

n Y Smait Card ' n % Sitrart Card

Types of Smart Card Usages of Smart Card
< Bus > < Tai =
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n 2. Smart Card

Transit Fare System

® Distance-based fare system However, the fares are charged in
discrete manner rather than contimious.
- For example, it is 900 won (Korean currency, approximately
0.9 EUR,) flat fare until the first 10 Km_ and then adding 100
won for every additional 3 Km

® There is no any additional cost for transfers within 30 minutes
less than 4 times transfer with smart-card, but not for cash.

® It is same amount of fare for same Origin-Destination stop
pair.

n 3. Traveler’s Behavior in Smart-card Data

Transit Passengers at each time of day
*  Higher and sharper peak during AM peak hour than PM peak
in Seoul
Trip rate(%]

[T

WO 180 3 BOM M L3

n 3. Traveler’s Behavior in Smart-card Data |

Mode Share and Number of Transfer Depending on Travel Time

Market Share of Mode Number of trapsfers
Rarte(%)

Mumber of Frasder

® B Viotra Rall @ Transit Intermodal

n 2. Smart Card

Data 1n Transportation Smart-card

*  Transportanon smart-card ID code

*  Transit mode code (Vanous types of bus, Metro. ete)

*  Number of ransfer within 30 min for a hnked tip.

*  Bus line ID code

*  Bus Operating Company ID cods

*  Bus Vehicle IR code

*  Traveler type code (smdent, handicapper, elderhy etc )

*  Fust boardmg and transzfer boarding time and date

*  Boardmng stop or staton ID code

*  Alghting time and date for transfer or final destinanon

*  Number of passengers together with the same card

*  Amount of base flat fare charped at the first boarding

*  Final fare based on travel distance charged at final ahighting stop or
station

*  In-velucle travel diztance (m}

n3. Traveler’s Behavior in Smart-card Data |

Trip Amount and Number of Transfers in a Path

n] 4. Preparing Data for Analysis

Location of Seoul (the study area)
South Korea

Seonl City .
Population: 10,57 million

Houasehiolds - 421 millkér
Total area: 60525 )
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“ 4. Preparing Data for Analysis

Transit Network Systems of Smart-card in Seoul

Number of stations

I

|

pera day ﬂ‘cfﬂl’t‘h. 2011) -
: | ]
_

per a day (March, 2011)

n 4. Preparing Data for Analysis

Composite Transit Network
v 12 Metro rail ines, 403 bus lines

» 276 Metro rail stations, 5,029 aggregate nodes for bus stops tops

Bus mode
Metro Station
Bas Link
Metro Lima

u 4. Preparing Data for Analysis

Number of Observed Alternative Paths

| 95% of Total Trip=

n! 4. Preparing Data for Analysis

Grouping near-by bus stops to a node

_Before

30,696 disaggregated bus stops 5,019 aggregated bus stops

n‘ 4. Preparing Data for Analysis

Metro Rail Transit Network
» 12 Metro rail lines
» 276 Metro rail stations. 60 Transfer Station

= Meiro Sfation

Matre Lins:

— Gyeangul Lineg
e Bumd areg Lime
—— Jungang Line

n. Calibration of Transit Route Choice Model

Stochastic Transit Assignment

= We asswmed that transit traveler’s route cheace behavior can
be explained by Logit-based stochastic fransit assignment.
Especially, we nsed the multinemial Logit Model.
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n. Calibration of Transit Route Choice Model n Calibration of Transit Route Choice Model

Prepanng Explanatory Vanables Utility Function of the Choice Model
. T_IVIT = Total m-vehicle travel ime {minutes)
*  B_IVTT =In-vehicle travel fime of bus (minutec) RS L g s e T P ol i ol 1 )
* R IVTT =In-vehiclk wravel hime of Meiro rail {minutes)
» TX = Time spent for wansfers (minutes)
- MNX = Number of transfers
* DX1 = Dhummy for 1 transfer
+ DX2 = Dhommy for mere than 2 transfers
SN = Transit fare (Won}
v Wat = 60 over Frequencies per an bour
. or Inferval ime (minutes)
- sD = Rehabihty (standard deviahon of travel me)
* Detowr =Raho of ransit ne distance to smaight Ime distance
. between ongin and destination (Detow degree level)
» ERET = Proportion of Metro In-vehicls travel nme
- to total In-vehicle travel fime

Thank you
for your attention !
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