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1. &= Background

® 714 /71D ER Widespread use of shared bicycles

C EEERAEG S 1 T YA L ORRERICEEE 5 DERICHRES -
Interested in factors influencing the choice of shared bicycles, which have become
increasingly popular in recent years.
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FY2020 Shared Cycle Usage Survey Report (Summary Version)




1. & Background
@ xT7YA4 I NFAEDES Perceptions of Share Cycle Users

o 2021FBMPPT —XIZT, 7P A4 7 ILFRBAE2EDOKBOBHFIARHEI0DTUANTH V)|
950% D FBEFE1S AN TH 5
According to the 2021 Toyosu PP data, about 80% of all users of shared bicycles use them for 30 minutes
or less, and about 50% use them for 15 minutes or less.

« 2020FEMEHER LY, FAFEFNANEZEHL WS Z Ao (BEFELA3ER)
Statistical results for FY2020 show that users are aware of usage fees (top 3 awareness items)
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¢ BIZ Goal

« xTYAMI7NMRAICES RIEPEL LGS OBEFEEROE(LZHALGHICT S

We identify changes in the choice of means of transportation when the environment associated with shared cycle use changes.

o YxTHAIILDEEIZLDIEE

Impact of shared cycle fares
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Points to be aware of when using shared bicycles



3.1 #ir Dt Analysis Flow

T—=R9 V- / EBEES
Data cleaning/Basic tabulation

<

EFIVHE (ZIEAY Y FETL)
model estimation(multinomial logit model)

<

ERIalb—yay (74147 L0FERE)
Measure Simulation(Share Cycle Fees)




327—%7Y—

v % Data cleaning

. AT — % (data)

o XYSRME TR RUHFRKX

—_—

T—RU) -7 ) EREEET
Data cleaning/Basic tabulation

"toyosu 2021 PP data"

Target area : Koto ward and Chuo ward
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Figure) Target Location and Trip OD



3.2 7 —%2% Y —="% Data cleaning

TRy —=vy ) EREEET
Data cleaning/Basic tabulation

ML WRT Y 7 & HREMS

o T EPEHH (THEK - hRRH4 ~ Uy )
. Samplel : Target area and departure point
Two-stage sampling

QGISZEF A L 7= H
Sampling in QGIS
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5T —42DL R A 7IL0DAHRX - STHKX IZIRTE

> HAZEY ANRIgELREEON, FANEFRLTWEHRA
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Considering pi s VIPHAY
Limitation of border of ward Vi s o HEBR
imitation of cross over border of wards. L e ] IRRRURRR
- Concentration of cycle station in Chuo-ward and Koto-ward. ey >
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Figure) Target Location and Trip OD




3.2 57—4%2 1) —="% Data cleaning

TR0 U—=vy /| EREE
Data cleaning/Basic tabulation

. M2 ERS
— EXPE (BB FER ISR ATAE & fh )

Two-stage sampling Sample2 : Possibility of alternating way of trips
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and 0%

2. BEABEICKZ2HE (MERT -2 ZEDL D%
HIIBR)

3. "REFERERAEG 7Y A7) v HER

1. Sample those which can be alternate other way of trips, car, train, walk,
bus, and cycle. Figure) Percentage of Trips by Mode of Transportation

Sample personal data(Delete data contain null at item of sex)
Create possibility of alternating way of trips.

w N



3.2 7 —%2% Y —="% Data cleaning

TRy —=vy ) EREEET
Data cleaning/Basic tabulation

« data : toyosu 2021 PP data = SxTYATL

(Walk) (Share Cycle)
6% 4%

« Z5BFEZ(Means of transportation)&d ~ U v 7HEES
o $ki&(train) : 360trip
o /NZ(bus) : 140trip
o BHEhE (car) : 150trip
o BErE (bicycle) : 159trip
o {EH(walk) : 56trip
o >z 7Y A2 )L(sharecycle) : 38trip 2

(Bicycle)
18%

Figure2) Percentage of Trips by Mode of
Transportation




3.3 E#494r Basic analysis

€®757—42 Data

> 20215E=MpP5-—4 (2021478, 8H, 11A)
Toyosu PP data for 2021 (July, August, November 2021)

s o « BXRMEICKN, ghEFHECNIFHEE WS
= - fo, RNEDBHEEZFBELI MY v THE 0,

« More trips were made by public transportation, such as
rail and bus, than by private car.

c« RROBEBAXAILHIMEICENIHFERE
B2 7=—AHT, YT YA 7IEd%EFHEK
EEONANAY

« While the results clearly show Tokyo's style of

(Bicycle) transportation, the use rate of shared bicycles is low at

18% .
4%.




3.3 E#494r Basic analysis

‘7__“_ 5? Data *(+)  *(—=) 5%HEE(p<0.05) 5% significant

MRI-ZBFEER 7 ARER - RESH
Gender-Transportation Crosstabulations and Residuals Analysis
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3.3 E#494r Basic analysis

—7 Data *(+)  *(—=) 5% EE(p<0.05) 5% significant

FE-3BFER J0RER - BESH
Age-Transportation Crosstabulations and Residuals Analysis
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3.3 E#494r Basic analysis

—57 Data *(+)  *(—=) 5% EE(p<0.05) 5% significant

Yy 7EN-GEBFE 7 OXREE - BREST
Trip Purpose-Transportation Crosstabulations and Residuals Analysis
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3.3 E#494r Basic analysis

‘ T Q Data *(+)  *(—=) 5%HEE(p<0.05) 5% significant

Uy Z7HRERES-BFER 7 OXESH - RESR
Trip Departure Time-Transportation Crosstabulations and Residuals Analysis
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4. ETFILHEE Model estimation

2IE0>v M ESJL multinomial logit model
& $HFEFEL Utility function

Utrain = B time X time tB cost X cost +p egress ' X  egres.
Upus = B' cost " X' cost T Baccess - Xaccess T B’ egress " X ' egres
Ucar =|Bwork * Xwork + B time x" time t €
Uyak = ﬁage *Xage + .Bm time ’ x" time + €
Ushare = .Blmgender ) x””gendei + .Bmltime ' x"”time + .B””cost ) x””cost + ﬁOCO‘U *Xocov t ﬂDcov * XDcov
Ubicycle = ﬁ”mgender xm”gende T ﬂ”,”time ’ xm”time
EABEZEL H—ERLRNILEH Ay aBHEH EHIE
Personal Attribute Variables Service Level Variables Mesh attribute variable Constant
2B AHZ #4 Explanatory variable
Xtime . FTE R Traveling time Xocor - OV —¥ A w3 ah/N—=3F 0-zone mesh coverage
Xcost === Xpcoy - DY —¥ X v ah/N—%FK D-zone mesh coverage
Xaccessjegress - 77 2R/ A UL X B Access/Egress distance g B x s
o WL ST WL . B’ VX x' AV~ ¢
X : 2 < — Work dumm 01 . *
work %33 R y &% 1) B . BEE X" . BBE
Xage : E&n‘uﬂ I — Age dummy (20T : 1) B . fEH X
. . ﬁllll* : ggz‘:g—.é— xllll* : §$i$
xgender : |§E%| — Gender dummy ( Ii . 1) ﬁ””’* : 917#//7/P xlllll* ST 7#%7/&




2IA0O0>Y M ES )L multinomial logit model

¢ j]/\_—’\‘ J:%Sﬁ£n+

Assumption by cover rates

- h/X—ZDE H (calculation of cover rates)

D WHR2EKD500MA Y 2Dz THA IR
T—arho200mBERNOCEEmEZEH
(Sample 500m mesh data overlayed by 200m buffer of cycle stations.)
@ BAYT2DOAOLRA Y 2aNTH—EIRE
L, EEEESDOAOZ&H

(Divide overlayed mesh area by overall mesh area to calculate the cover
rates.)

® QOTEHLAAN—AOEIREKX - FRED
ANOTlZE Y, ANRN=FE LK

(Former value is the cover rates!)

@ 71058 Model Policy

Z21IEOYy PETILCGEFEZEIRET L)

Utrain = +d, (FRERRE) + AR+ o GREH N —EEHLE) 4o
Upus = +d,(FrEFE) + LEL) |+ (YR A NN—EELLE) 4
Ucar = + d, (FTERRE) + 4
share = +d, FTERE) + A |+ . =7 H A 7»7]/\—@#&,1)
Uwaik = +d,(FTEKH) + +--

BEAEMZLZH Y—ERLRLEH Xy aBEREH

EERAMTICEITT
o RT /El /?ﬁ@iaxﬁ[«-—d:é?/g
SrTHAILDEEICKBFE (165yen/30min)



2IA0O0>Y M ES )L multinomial logit model

K& ERIC & Biat

Assumption by fee ZEOY Y PETLCSEFERERET L)
IS WS =1 ... =] = e 3] < S H N — T FE HER
* IE)R—C“‘i165H/30ﬁ@Mﬁﬁs%(fee;l%yen/%min) Utrain +dl(fﬁgﬁﬁﬁ)+fl(ﬂ%) (G B D N
Upus = | - | + a(FTERR) + L(BE) |+ o (N X AN —EELER) 4o
- IFRERIA300 5 & CLEHICHE B VRIRES  tos| - fracmeme )
= share — | = IRF[R (2 = TP IN—
75_’ E—Hj(calculate the number of users who wouldn't use more than ! ' '
15min and 30min) Uware = +d, FREI) + o
BEAEMZH Y—EXLRILEH SN
RS RICEITT
. AT —3/3 /?ﬁ@ia.{ﬁ[ﬂ-—&é?/g

SrTHAILDEEICKBFE (165yen/30min)




SEAZH explanatory variable

EHE(EBH)

TE#UE (TE5)

AT R (BRE)
FrERR(E8E=)
FRrERFE (fES)
FTERE(GC = 7% A7)
Fﬁ%ﬁ%%ﬂ(@ﬁf:ﬁ-ﬁ)

aX M (ERE)

mly SN AV Y

IR Rz T7HA7L)
HRX I —(>T7H A7)
MRK I —(BERE)
7t 2 IEEE

1 7L XEEBT (SKE)

17 L ZBpEE(R)

OV —> A vyrahnN—K
D‘/‘\—‘/)( w3 a JN—2K
ES AN

FHR I —

Constant Term (Car)
Constant term (Walk)
Time Required (Train)
Time required (Car)
Time required (walk)
Time required (Share cycle)
Travel time (Bicycle)
Cost (Train)
Cost(Bus)
Cost(Share Cycle)
Gender dummy (share cycle)
Gender dummy (bicycle)
Access distance
Egress distance (Train)
Egress distance (bus)
O-zone mesh coverage
D-zone mesh coverage
Business Dummy

Age Dummy

INT X —4X parameters

-3.89
-1.47
-2.01
-1.75
-1.2
-5.82
-3.44
-0.36
-1.82
2.77
0.95
0.45
-0.19
-0.02
-0.14
1.27
-2.12
1.46
1.34

t{ t-value

-9.02
-2.57
-10.39
-4.95
-8.19
-9.64
-16.13
-3.07
-11.41
3.88
2.17
2.38
-6.79
-1.09
=552
-1.69
-3.89
4.76
3.00



b. Ll Policy evaluation
‘ IR1K status quo ‘ BER TR Solution

y Y 13 E’bl'"l E
C LI THA S NHBE NS L EER MEREDRE L
Fees are important to users of shared bicycles
- REOHEAHHIIF165M/30% DHfIZZER 3 IR E2 LR
Current fee structure is 165 yen/39 min. Change time interval without changing unit price
¢« YITYA LUy TD80%H 305N DEFEELZ 3

80% of share cycle trips are within 30 minutes

Change the unit price

FIAEES (n=600)

30 80% 0% 10% 20% 30% 40% 50% 60%
. 25 FIFIISRH (4BSRIES S - RADTES) 49.0
» éZO S TARESERTACTRNE | 410
N o5 EIEREE 40.3
»> =15 SIPHAINAT — 23~ MMBRIR SR BB 345
% § 10 HBSZF DR | 342
= FRINSEEZIVEAT— MIAY TTREE TEBIL 253
5 ‘ | ‘ ‘ ‘ ‘ ‘ | ‘ RIS TEEIE | 19.8
ol +! | | |I|I|I||...|I|||I.|II|.I BREOFFAFREROPIVE | 19.0
N O 0 & ™~ O M O D % goj % g 'é—j S é CO2AlR R EIRIBHE TR DIE | 10.2
E kU oy 7B (min) o BRIECOMI AL ERHUAATESCL (I 58
(Actual trip time) Toft | 0.7 = T2 OBITY— LR

Figure) 202 1FEZMPPT —2 D> =7 HA 7L b U v 7D MY v THED

Trip time distribution of share cycle trips for 2021 Toyosu PP data Figure) 20205 > = 7 9 A 7 LHIAREREREE BIER)

FY2020 Shared Cycle Usage Survey Report (Summary Version)



b. Ll Policy evaluation

®{KEQD Hypothesis
[ BlERE2ZTEIT AR LTIz T7HM147LF]

IBDIEMHARATFND |

Expect that the change in pricing will increase the number of users of shared bicycles.

INNR—=vDIalb—av
3 pattern simulation
B 300E — QOlsnds O5nE OlaE

Current status: Every 30 minutes — O every 15 minutes @ every 5 minutes 3 every 1 minute




b. Ll Policy evaluation

® BEE 1 Policy analysis

c Bl ReZB L Ial—Yay
Simulation with fee structure changes

EEELTE : 165yen/30min
vIal—v3arvQ@®: 825yen/15min
vIal—33 @ 27.5yen/5min
vIal—33>@: 5.5yen/Imin

SHERERE N2 —>D: O /2 —>Q):
165yen/30min 82.5yen/15min 27.5yen/5min

L A0 EE)-
5.5yen/1min

DHEIC MHER D MHER D MHER SEICHOSHLER
0 ~59% % TlrI%E
0 ~297659% £ CRI%E 0 ~147259% % CRI%E 0 ~459%) £ ClRI%E
A1) FA EF A A1) FA EF A A FA EF A A1) FA BEF A
30min 15min b5min 1min 30min 15min 5min 1min 30min 15min 5min 1min 30min 15min 5min 1min

DLV OV SO OOOS

21



b. Ll Policy evaluation
O =R Result

Table)klEAREZEE L/ HE D E BB FEROERHER
Probability of choosing each mode of transportation if the fee structure is changed

165yen/30min  82.5yen/15min  27.5yen/5min 5.5yen/1Imin
I THA T
4.79 2.13 0.95 0.67
(Share Cycle) B S
IN X
16.57 16.80 17.01 17.05
(Bus)
S 17.92 18.97 19.29 19.39
(Bicycle)
RA= 13.09 13.27 13.41 13.44
(Car)
] 41.19 42.10 42.50 42.59
(Train)
e
6.44 6.73 6.84 6.87
(Walk)

FE AR A IC B

Advantage for short distance

B EEEABICERNICES1E
s s TN — 4 b The more advantageous for short distance,
P 7#’{ 7 IUUJ:L%'?RE%?TJ&'} —a- 5 probability of select share cycle decrease more.



b. Rl Policy evaluation
O =R Result

45
40
35
o 30
B
S T 25
E‘ir S
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5 —_—
0
165yen/30min 82.5yen/15min 27.5yen/bmin 5.5yen/1Imin
— T AN ==X ——PHEH EHE —KE —
(Share Cycle) (Bus) (Bicycle) (Car) (Train) (Walk)

Figue RIStk R AT E L1 A 0 & BB F B0 RIRFES

Probabiliti of choosini each mode of transiortation if the fee structure is chanied



b. Ll Policy evaluation

R

S RE2

[ )

BEDIBRICK > T 7Y 4 7 VTR EE

IRE’BLITNIE 2T 7 LFRBEOEMARAEXENS |

Hypothesis: “Decrease in usage fees would increase the number of users of shared bicycles.”




b. Rl Policy evaluation
O =R Result

45
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30
o e
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S Eoas
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% 8 20
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o
' =
15
10 \
5
0
200yen/30min 180yen/30min 165yen/30min 150yen/30min 130yen/30min
— T T A G I em—\ R em— TR FEHAE e——ipE e
(Share Cycle) (Bus) (Bicycle) (Car) (Train) (walk)

Figure) RIEARRIIEE L TEERD AEE L 12155 OEBEIFE OZIRHESR
Probability of choosing each mode of transportation if the price is changed with the fee structure unchanged



b. Ll Policy evaluation
QIRE2 HBEDERICL>Tz7H4M4 7 LT R RE
K : [RARSABITIIES - THA S LFBEOBMARAENS |

Hypothesis: “Decrease in usage fees would increase the number of users of shared bicycles.”

.

fak . [HERE’EMT2IEE cT7HA4 7 LFAELIENT 3

Result: “Changing pricing decreases the number of users of shared bicycles:”




1)
=

OETIVHEE
Model assumption

R% ;%’/ﬁ—'(conduct R)
o MEETLTWRHLOD, TT7—HFK4LE

(occured error)

I4 (JSourceonSave | & /° + +Run | %% Source *

35 LL=0

38 ##utility calculation A D E:

HAEHICL WA EANS

39 ##distance BEE{
40 train <- tl*patal,30]

##individual attributes{B A B1% ##5 E ##ASCE B E
+ cl*patal,24

41 bus <- t2*patal,43] + c2*patal,37

+ gl*(patal,58]==1)

42 car <- t3*patal,20] + b3*matrix(l,nrow =hh,ncol=1)
43 walk <- td4*patral,33] + b4*matrix(1,nrow =hh,ncol=1)

44 share <- t5*patal,53] + c3*patal,47] + g2*(pata[,38]
45 bike «<- té*patal,s6]

+ g3*(patal,s8

7 ##Choice probability BIREEDHE

48 pPTrain <
49 PPbus <=
50 pPcar <
51 pPralk <-
52 ppshare «-

33 pPbike  <-

exp(train)/(exp(train)+exp(bus)+exp(car)+exp(walk)+exp(share)+exp(bike))
exp(bus) /(exp(train)+exp(bus)+exp(car)+exp(walk)+exp(share)+exp(bike))
exp(car) /(exp(train)+exp(bus)+exp(car)+exp(walk)+exp(share)+exp(bike))
exp(walk) /(exp(train)+exp(bus)+exp(car)+exp(walk)+exp(share)+exp(bike))
exp(share) /(exp(train)+exp(bus)+exp(car)+exp(walk)+exp(share)+exp(bike))
exp(bike) /(exp(train)+exp(bus)+exp(car)+exp(walk)+exp(share)+exp(bike))

> tval«<-b/sqrt(-diag{solvelhhh)}))
solve.default(hhh) 7T —:
Lapack routine dgesv: A FLIIERICKHE T : v[3,3]

Il
[

e TS5 —RNZA(error message)
o ANYEITHIA0ICH S TWES(

55 ptrain <=- (PPtrain!=0)*PpPtrain: (PPTrain==0)

56 Pbus <- (PPbus !'=0)*pPbus +(PPbus )]

7 pcar <- (ppcar !'=0)*ppcar +(PPcar )]

58 pwalk <- (PPwalk !=0)*Ppwalk +(PPwalk ==0)

59 pshare <- (PPshare!=0)“pPpPshare+(PrPshare )]

60 pbike <- (PPbike !'=0)*pPbike +(PPbike ==0)

61

62 ##actual choice ERER (F— 2D BIBHBIRL ABESAATHT, COTFTOMETI - 0EHICTE)
63 ctrain<- patal,8

64 Chus <- patal,8

65 ccar «<- Datal,8

66 cwalk =<- patal,8
7 Cshare<- Datal,8
68 cbike <- patal,8]-=400

7 ##1og 1ikelihood MM AEOSE (1-0EH - BRBEOHTETOT, ERL LHEO20ERBED I ED
7 LL<-colsums (ctrain®log(Ptrain) + cbus*log(Pbus) + Ccar*log(pPcar) + Ccwalk*log(pwalk) + cshare*Tog(Pshare) + Cbike*log(rbike))

5 ## maxmizing log Tikelihood ¥ ¥ B fr@ &A1k
76 res<-optim(b0,fr, method = "BFGS", hessian = TRUE, control=list(fnscale=-1))

78 ## estimated parameter o
67:25 | fiix) & R Script &
Console  Terminal Background Jobs =
‘R R441 . ~/ &

Fa s URRLal tSugoRRLal rleRlal ==uy
Pralk  <- (PPwalk DepPwalk +(PPwalk 0)

pshare <- (PPshare!=0)*PPshare+(PPshar 0)
Pbike <- (PPbike 1=0)*PPbike +(PPbike ==0)

##actual choice BIRFER (F— SOOFEHERL LHEDNA - TWT, COTOMRET 1 - 0FHIIT D)
ctraine<- patal,8]==100

cbus <- patal,8]==201
Ccar <- Datal[,8]==300
cwalk <- patal[,8]==500
Cshare<- patal[,8]==401

[,8]==400

##log Tikelihood MECCEMEE (1-0Z8 & EIRBEOHNTEAO T, BIR L M0 A0 BIREEDH )
LL<-colsums(Ctrain®log(Ptrain) + cbus*lTog(pbus) + cCcar®*log(pcar) + cwalk*log(Pwalk) + Cshare®log(pshare) + cbike®*log(Pbike))

H

## maxmizing log 1ikelihood HEXEMEfrORAIL
res<-optim(b0,fr, method = "BFGS", hessian = TRUE, control=Tlist(fnscale=-1))

## astimated parameter

-
+
+
+
+
+
+
+
+
+
+
+ cbike <- Data
+
+
+
+
+
>
>
>
>
>
> b<-res$par

## T vaue TEMFHE (Zhifl okl EHHDHELLLY
> tvale-b/sqrr(-diag(solve(hhh)})
solve.default(hhh) TI5—:
Lapack routine dgesv: WA FLIERICRKRETT: v[3,3] =0
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