Assessing the Impact of Disadvantages for People with
Different Social Attributes in Road Pricing

Case Study in Toyosu
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Premise: What is Road Pricing

® Purpose of Road Pricing ® Practice/Plans in Japan
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Premise: Problems of Road Pricing

® Social Problems of Road Pricing
(DBurden for drivers (Fl| & O A& FI2E)

(QRegressive and Unfairness (14 - 24 F14)

Who would be disadvantaged if road pricing is introduced in Japan?

BATO—RFISAO T EBATHEHEDRTRBERLIDH ?

Verifying the disadvantages groups by focusing on the changes
In expected utility before and after road pricing in Toyosu.
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Overview of our estimation

® Method

Toyosu (IERRZM1~6T B) o Types of RP: Area-based pricing

ZSSHITN, | ) \\l"‘k— - Vehicles pay when drive in a certain area
N e }\m{ il Sglians TUT7RNEESEMMICHLTRE

oData used: Toyosu PP data from 2019 to 2021
oModel: Transportation mode choice by MNL

car train bus bike walk

Two spots are designated as major traffic congestion points.
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m Estimation method (HEE5i%)

Vear = Bt tear
Virain = ASCrain  +  Brtram + ), GeostsCirain)
Vous = ASCpus  +  Brtous  + D BeostsCous)
Voike = ASChixe + Pt tyike
Vwaik = ASCpax +  Prtwa

0 Categorize people with different social attributes into different segments and set different
cost parameters
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Method(cont.) ,

® Simulation method (2alL—>3> Ak )

Viar = Brtear  + ), (BeostsCear)
Virain = ASCirgin + Bt tirain  + zs(ﬁcostsctrains)
Vs = ASChus  +  Brtwus  + ). BeostsCous,)
Voike = ASChixe + Pt tyike

Vwaik = ASCpax +  Brtwaik

0 Calculate the change in benefits to people in each segment when road pricing is done
O—RISAL 0TI BB T AVMNIETHARDEBEREDELEZTHET S
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Estimation Result )

| 5 segments by income

Independent Variable Estimated
Visic — Be tear Parameter
_ ASC (bike 1.22**
Vtram = ASCtrain + ﬂt Ltrain + Zs(ﬂcostsctrains) ASC EbUS)) 2 5E**
Vous =  ASCpye  + Bitye  + Z BeostsCrus)  ASC (train) 3.88**
V.. s ASC (walk) 2.73**
bike = ASCpike + Pt thike b_cost 1 [yen] 20.0002
Vwak = ASCpare +  Brtwa b_cost_2 [yen] -0.0054**
b_cost 3 [yen] -0.0013**
b_cost 4 [yen] -0.0027**
® segments b_cost_5 [yen] -0.0011**
b_timelhour] -5.96%
Segment 1 2 3 4 5
Household | 0~1.99 2~5.99 6~9.99 10~14.99m | 15~ million “  p<0.05
Income million million million illion * p<0.1
(JPY) '
A Rl (i 1B
Value of Time 396 18 72 37 93
(JPY/minute)
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Simulation Result Q)

® Scenario@®With 300 JPY pricing

sBenefit ({E4%) ® Discussion (Z%%)
— ijw - V}'O
Zn( Z € ) ln( Z € ) It shows that segment 1 (income:0~1.99 million) is
_ JEJIn JEJIn not likely to be affected by pricing, which is not
low-income

statistically significant.

Among the utility of those segments that was
statistically significant (2~5), that of those with
relatively low income reduced significantly.
This might be because of their VOT is low.

segment1: 0.00314311

segment2: 0.14137954
segment3: 0.02450834
segment4: 0.04004813

segment5: 0.01811841 . o1 e~ _ —
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Estimation Result 2)

® 10 segments by income and gender

VCdT = Bt tear
Vrain = ASCirain  + Bt terain T zs(ﬁcostsctmins)
Vbus = ASCbuS + ﬁt thus + zs(ﬁcostscbuss)
Vbike = ASChixe + Pt tpike
Vwaik = AS Cwalk + .Bt twaik
Segment 1_male 2 _male 3_male 4 male 5 male
Household | 0~1.99 2~5.99 6~9.99 10~14.99m | 15~ million
Income million million million illion xMale
xGender xMale xMale xMale xMale
Segment 1 _female 2 female 3 _female 4 female 5 female
Household | 0~1.99 2~5.99 6~9.99 10~14.99m | 15~ million
Income million million million illion xFemale
xGender xFemale xFemale xFemale xFemale

Independent Variable Estimated
Parameter
ASC (bike) 1.23**
ASC (bus) 2.34**
ASC (train) 3.70**
ASC (walk) 2.75™
b _cost 1 _male [yen] -0.0496
b_cost 1 female [yen] 0.00368
b_cost 2 male [yen] 0.00531**
b_cost 2 female [yen] -0.00611**
b _cost 3 male [yen] -0.00236**
b_cost 3 female [yen] -0.000922**
b _cost 4 male [yen] -0.000810*
b_cost 4 female [yen] -0.00387**
b _cost 5 male [yen] 0.000207
b_cost 5 female [yen] 0.000721
b_time[hour] -6.07
**  p<0.05
* p<0.1
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Simulation Result 2)

® Scenario@With 300 JPY pricing and 10 segments
sBenefit ({E4%)

{mmmmmm) high-income

low-income
Segment 1 _male 2 _male 3 _male 4 male 5 male
Household | 0~1.99 2~5.99 6~9.99 10~14.99m | 15~ million
Income million million million illion xMale
xMale xMale xMale xMale xMale
Benefit 0.16 0.23 0.01 0.06 -0.01
Segment 1_female 2 female 3 female 4 female 5 female
Household | 0~1.99 2~5.99 6~9.99 10~14.99m | 15~ million
Income million million million illion xFemale
xFemale xFemale xFemale xFemale xFemale
Benefit | -0.14 0.05 0.02 -0.01 0.02

® Discussion (Z%%)

In Scenario 2 shows that utility of segment
2_male reduced after pricing. which
corresponds with scenario 1, in which the

utility 2~5.99 million JPY of household income

(segment 2) decreased after pricing.
(statistically significant)
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Basic Aggregation

®m Basic aggregation focusing on ® |[mplication from basic aggregation
Segment 3 | o
As a solution to reduce the decline in utility of

Starting time from Toyosu by Income and Gender (Car Trip) Segment 2_ma|e’ we SuggeSt reducmg the price in

. | ncome and gender  dYNamic RP during late night hours.
80 - 2 | This is supported with data unique to segment 3,
_Mmalie which shows the existence of trips from Toyosu
2 60 —orange during late night hours (4-6am)
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Starting time from Toyosu
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Simulation scenario®)

m scenario®With 300 JPY pricing except for midnight(from 0 A.M. to 6 A.M.)

We assume that charging by time zone could reduced the utility decline for segment 2-male.
We set up a scenario in which the user is not charged for the hours between 0:00a.m and 6:00
a.m. and compared the change in utility with a scenario in which the user is charged for all
hours.

Frfl AR &LV EEMIER LT VERICKY  IRA2(FREB)D B DO RETZER TS
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1 0AM —6A.M
V. — B t + Z(ﬁcastSCcardmorning) .
car t “car E 0 otherwise
Vtrain = AS Ctrain + .Bt Lerain + Zs(ﬁcostsctrains)
Vbus — AS Cbus + ﬁt tbus 1 Zs(ﬁcosthbuss)
Vyike — ASChixe + B tpie Cp = Clirain if the i.ndividual belongs to S
rams 0 otherwise

Vwaik = ASCyqix + Bt twaik 5 o 1 2
morning -



® Change in utility (%4

BRI

A TR

1 1 1.127186
2 2.032171

2 1 -0.429885
2 0.900790
3 1 -1.145824
2 1.166397
4 1 -0.149085
2 1.500638
5 1 1.439737
2 1.898076

REZRVE=RES TV
IRA 1R
1 1 0.966304
2 2.160968
2 10647559
2 0.857715
3 1 -1.158529
2 1141121
4 1 -0.204780
2 1.500131
5 1 1.439737
2 1.840787

2BFMICERES T4 (300M)

Simulation Result®)
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4 71l (gender)
1:male
2:female
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0.966320
2.164949

-0.660842
0.857594

-1.160097
1.141126

-0.205345
1.500134
1.439772
1.840794

® Discussion(& %)

In Segment 2-male group, where there was a
significant decrease in utility for measures related
to all hours, the results indicate that the decrease
in utility is reduced.

The result suggests that the natural measure
setting of reducing the amount charged at
midnight may contribute to reducing the inequality
of disadvantage in society as a whole.
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Results and Discussion

Q BREEICKOT. HFIRAH200~6005HDHBHEL. D BED AN R ICHERTHAZELSAIEREL TR
EEht-,
It was suggested that, depending on the amount charged, men with household incomes of 2~6
million JPY may experience a reduction in utility compared to those with other attributes.

O Ff- RRFICTREZTDOLEVEICI > THRADBL DA EFZE M TS LHARBEEN RSN,
The results also indicated the possibility of mitigating the inequality in the decrease in utility by not
charging during the late-night hours.

Q /MY UTILTHHUIRA0~200 5D EIZREL CTELIGES AL —2a v E T332 8IC&> T IBFTEES
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It would be possible to evaluate the impact of charging on the utility of the entire low-income group
by conducting appropriate simulations for the 0-2 million yen income group, for which little data is
available. For this purpose, it would be good to have more data and data without bias in the number
of data across segments.
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