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Background and Motivation

Ex. whim, Finnish mobility application

o EZEE!MaaS (Mobility as a Service) D H 17

Appearance of subscription-based MaaS.

o EET.—TEIVT7OAKILBMNEYREIZED
b—EX
A service that allows unlimited rides on public transportation in
a certain area for a subscription fee.

o HARIZBLWTEZIMaaSEADEFEMNRELND

Maa$S adoption is gaining momentum in Japan.

o NHRBEBEEMNEINITIEFRIZHSNT, FEEE
MaaSD AU /IN\IREIRENEEZOND

In Tokyo, where public transport operators are in disarray, the impact of
fixed-price MaaS is expected to be significant.
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https://www.kotsu.metro.tokyo.jp/subway/line.pdf



Mobility as a Service

E& T MaaS Subscription-based Maa$S (Subsc MaaS)
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EREHEEZILAL, BADLAIIETEYBE

Unlimited use of public transportation in Tokyo for a flat rate

Today, | will go to Odaiba, where | don’t usually go,
because it’'s 0 yen!

B RIRR D SHRAE, HEERREDOIEM ?

Diversification of destination choices and increase in consumer surplus?




Framework

HH:MaaSRAICLSRIBMN) YT O BMMOEL-ZIADE{LEZFRIL, BEEFEHZE
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Goal: Predicting change in destination and utility of leisure trips by MaaS, and conducting

policy evaluation

Data Modelling = Nested Logit model
- Toyosu PP 2019, 2020 -Upper nest is destination choice, lower
—Trips of leisure purpose from Toyosu nest is mode choice

n=1231 (2019), 1064 (2020)
I

Estimation
User classification with EM algorithm

Some may evaluate cost, and
the others attractiveness of
destination.

Parameters

MaaS simulation Evaluation of the effect of MaaS

- Probability of subscribing MaaS — -Calculate benefit
- Trip distribution -relation b/w benefit and monthly fee



NL model (Estimation)

o NLETILIZED BRI -ZEFEIEIR Choice of destination and mode by NL model
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EEIDRIRFEE  Probability of activity choice
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Specification of Utility Function (Estimation)

BEISASIFHEMZILTYXL)ERAW=EXE

Formulation with latent classifiers (EM algorithm)

o HAhd, BEIFEmM O3AEZ(VFAK)

utility function (destination d, mode m and class k)

= P + V. + 74
B Bt D %k 1 E FEMTOD FEEM®D EIE
o JEERE Begthd~DEE Constant term of
(] Google@?\ﬁ%%@#%ﬂ Fare to destination d mode m
o BRFEMREH by mode m

Attractiveness of the destination

e Number of stores
e Number of Google search results q:—Erxbm—CO) E E"Jiﬂdi’CO)
e Number of passengers getting on ﬁﬁgﬁ&ﬁ

and off the station _ _ S
Time required to destination d

by mode m

o Efyitid, BEIF B OFRMER Py= ) SYPX
. . o dm dm
Probability of choosing destination d and mode m B o

k J5AK~ADIREHER
Attribution probability to class k



Specification of Utility Function (Simulation)

$hFARA# (2S5 AK) utility function (class k)

o TFXEE!MaaSICB#&R I HimSs registered case s

Vi  + Vam  + VR Vi
Begth Dt HE EEO TE #5018 MaaSDEEHE
Attractiveness of the Fare is zero Constant term Flat rate of MaaS
destination
Fir B35 ]

Time required

o TFXZEEMaaSIZBHELEVESS  unregistered case s’

k k k k
BRI D HE HEEE EHIE 0
Attractiveness of the Standard fare Constant term
destination _
Fir 22 B3 e

Time required



NL Model (Simulation)

MaaS#& % H #:E R
Whether to register to MaaS

TR)YT 5D
B B9ith - 3218 F BHEIR
Choice of destination
and mode of n trips

4 I
EENDRINFEZE  Probability of activity choice
: P(s,d,m) = P(d,m|s)P(s)
4 I
FEHFTZHEE conditional probability
P(d,mls) = explu(Vm + Vsam)}  explua(Vg +Va)}
K , Zm’ exp{ﬂ(Vm’ + Vsdm’)} Zd’ eXp{Hd’(le + Vcllr)}
/JEIEEE$ Marginal probability h

MaaS & ixFEE Probability of regestering to Maa$S
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Basic Research

FRL-T—4%: 2

SHMFENYTIOEEY(2019)

Purposes of trips from Toyosu (2019)
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Modes of trips from Toyosu on leisure purpose (2019)
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Trips originating from Toyosu are often accompanied by shopping and other
entertainment, just like commuting to and from work.

o BHMASMEREICEPL, TOEHFERLESHSL

Destinations concentrated in the vicinity of Toyosu, so almost half people walk.



Destination Choice Set

EMNRORBMN) YT TRIREN S LD S LV208RZH H
We chose 20 stations as destinations that are often selected for trips of leisure
purpose from Toyosu.
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EM-NL Estimation Results

2019 2020
class1 class2 class1 class2

parameter t-value parameter t-value parameter t-value parameter  t-value
IREMEER 0.81 - 0.19 - 0.73 - 0.27 -
fare/100 269 -9.76* 050 -3.23* 425 -2.75* 120 -5.58**
time(h) 1824  -7A7T* 6.34  -7.57* -17.22 -10.08**  -10.09 -10.19**
number of
shops/1000 -7.82  -4.69* 0.74 5.39** 20.72  -4.70** 0.46 7.47*
Const_train -0.51 -1.53 -0.51 -1.53 -0.55 -1.04 -0.55 -1.04
Const_bus 1.35  -4.26** -1.35  -4.26** 172 -3.57* 1.72  -3.57*
Const_car -6.48 -13.76** 6.48 -13.76** -6.56 -19.79** -6.56 -19.79**
Const_bike -4.02 -10.32** -4.02 -10.32** -3.92 -15.72** -3.92 -15.72**
Scale parameter
X(1/(1+exp(x))) CHEE 0.91 -1.71 0.56 -0.46 0.67 -0.06 1.00 -2.25
number of 1213 1064
observations
LL(O) -5668.96 -4899.90
LL(B) -2323.03 -1471.39
likelihood ratio 0.59 0.70 *p<0.05
fixed likelihood *p<0.01

ratio 0.59 0.70 11



Simulation and Evaluation: Change of Destination
EC#ER Distribution results o=

e MaaS(2000M/30R)EARIZTOR)VTEIE
DEILERLT,
the change in trip ratio before and after the
introduction of MaaS (2000 yen/30 days).,

o MaaSMOEAIZKY, EL \hm DB RFERMN L

MoTLVS
The introduction of MaaS has increased the probability )
of selecting distant locations. MaaSE A §i&TORY Jjgﬂo)jrﬂ:(%)\&/%]\ﬁu 2019)

Change in the number of trips before and after the introduction o
* MaaSEARTRDENFLEN R MaaS (post-implementation/pre-implementation, 2019)

Table Average distance traveled before and after the
introduction of MaaS

2019 2020
8 A Hi(Before) 1.447km 0.762km
B A% (After)  1.691km 1.179km
Before Share‘ratio
I Bike Walk |
After
Bus. [ MaaSE AR TRy TR D EWE A #%/8 AR, 2020)
.. <= Change in the number of trips before and after the introduction;of

MaaS (post-implementation/pre-implementation, 2020)



Simulation and Evaluation: Tradeoff of Interests

Railway Company Surplus(hundred yen)

BEDRL—FA B &R

A trade-off between consumer surplus and railroad company profits surplus.
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How much is the best for a monthly fee?
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Optimal fee should be determined by looking at the efficiency of increasing the consumer surplus within
the range where the railroad company's profit is above zero. 13



Summary

$£5f Conclusions
o TFEEIE!MaaSHEAIZKY., ITEIELE DL K ZHRIEABEEINDS

By introducing subscription-based Maa$S, action ranges get bigger and more diverse.

o TEFHEMaaSHEAIZLY, WEENLYSVREBEBRRNEILIND, =1L, HEEK
EIZTE2TED EAYBFREKELT D=0 FEHDE

The introduction of subsc Maa$S will establish a transportation system with a higher level of satisfaction. However, it is
important to note that the range of increase varies greatly depending on the rate setting.

o HEERRFIDBRLALRBETFEDRNADERIL, F\L—FATDOERICHY. B
PR ERENDLE,
There is a trade-off between change of consumer surplus and railway surplus, so you have to be careful when setting
the fee .

SH#OEERE Future work
o FHREEDMREND.TITAETANI—2DEILDER

Considering induced demand and change of activity pattern.
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Appendix

15



Increase in the number of trips associated with MaaS

o NHETHLAVEVNSERIE, HEFTF—2REDLSD, #ETES

o MaaSIZ&Y—ENELIZANFYEZLTRA-OICM) Y TEMNMBEZDHEVSTRER
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Increase in the number of trips associated with MaaS
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