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1. %%t E H"J Background & Purpose
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In recent years, record-breaking heat waves and severe 00
typhoons have been increasing due to climate change.
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1. dbit E H’] Background & Purpose

| E"J Purpose

K[BNE BNEARDOBARBEFEREELT HIDOTIEGELD, FLEDLSICELEZTL
F=OMZEBRLMNIT 5,

To identify whether and how people's transportation modes might change as temperatures increase.
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2 . *‘1%% & ﬁFﬁ 7_"—9 Location and Data Used
= 5 %ﬂﬂ Location

B
= /'J\I\I Toyosu

X3 SMDiiE

'1E4 : 7\\ 9 Data Used

-EEXRBEERRT R EBET—4
Temperature and humidity data, Japan Meteorological Agency, Ministry of Land, Infrastructure, Transport and Tourism

- SMPPERE (0T DEEEXZITIEL2019FTA-10A, B HE RS ~FEFISFDT—2 ZFER)
Toyosu PP data (Using data from July to October 2019, daytime departure 8am to arrival 6pm, which is unaffected by COVID19.)
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3. Eﬁ%ﬁﬁ Basic analysis

" /2_?\.51%. § EEEE&LE*R O) Eﬂ 1;& Relationship between temperature and transportation choice
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= The percentage of walking decreases as temperature increases.
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3. Eﬁ%ﬁﬁ Basic analysis

" ﬁjulzlll t '/'.f"? ?H# FEﬁ ), I%Eﬁ{;ft Relationship between temperature and walking time
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= The higher the temperature, the shorter the walking time.

n=3941
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3. Eﬁ%ﬁﬁ Basic analysis

BIBIXTA-10A1Z& 1+ 548,
LHEEPEIZES T LH3BFEDT—2 2 EA

The previous day uses 4 days of data from July-October.
Appointed day uses data from 3 days during the same period.
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Relationship between typhoon and purpose of travel

LB appointed day
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= Walking decreased on the day of the typhoon compared to the day before, while trains increased




3. Eﬁ%ﬁﬁ Basic analysis
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Focusing on destinations in Koto-ku when the temperature was
below 25°C or 30°C, the number of destination trips was higher even
though the sample size was smaller than that for temperatures
above 30°C.
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In the area indicated by the black circle, there are many people with .« Beot 30°CHH
temperatures below 30°C. The train service from Toyosu is not PR T T / :
convenient, and some areas require walking to change trains, which - openstrectttap C o
S o ol

may explain why few people go there on days when the temperature . S §
is high. ; o ‘ '
9 e SEeEMBOBE ()
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4 ﬂiEﬁ Hypothesis

S[EZBOHBKRICE > T, ABHDRBEFBRERRIIKRECEHT HDTIXZE LD

The increase in climate change may cause a significant change in human transportation choices

. More Specific...

'SR - ZIRIRIET, BKE, BROZFE,
ENETNDRRTREBFERBREAEILT 5D TIXARLD]

“Transportation choice rates may change under high temperatures, precipitation,
and percentage of roof”
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5. E&%ﬁ‘ﬁi’@@iﬁh Process towards policy making

ETILHETE

Model estimation

SFHIET.

BRI ARRFEHROP T, ELVH
[CHEEd HIEE

BH = & 18

(o]
° Exm U [ C]
Maximum temperature

1+ BETOEKE [mm]
Total precipitation

| - BiE0IE

B3 5%

—
N—

- Ratio of roof
RIS (RJET LIREH % i 5 &)

0.81T + 0.01H X (0.99T — 14.3) + 46.3

Kixl
Variables relating to weather

o TiR{EH

Temperature humidity index
1+ BEOEIKE [mm]
Total precipitation

- BRDEIE

Ratio of roof

2024/9/25

SIEZEFHZaL—T a3y
Simulation of climate change

= o
° ?L/EODJZEE-I- [ C]
Increase in temperature

« BKEDLEEF [mm]

Increase in precipitation

« PRIEHDOLE
Increase in temperature
humidity index

BUSR S3AT

Evaluation of policy making

RRDXR TREREE ZEPIT R

Gradually increase the ratio of roof while
maintaining the current temperature

SITENZWVGEMOAHERZERE
Introduce the roof only to the sidewalk where
pedestrian traffic volume is high

e xum30°CLlE (EER) ITHT
BRI EHEEFSI

Discount of public transport fees when the
maximum temperature is over 30°C

RAKEMEZ KR T T, BIREIE

IR R

Increase the ratio of roof under condition of
precipitation increase
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5. *ﬁ E*E%“é t lj: 2 What is the roof ratio?
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0. :Ei")b*ﬁi Model estimation
ZIEOTY FETIL(MNL) ,i

B &= & M R

Train Bus Car Taxi Cycle Walk
(train, subway, (car, bike, (Individual, shared,
monorail, tram) freight car) velotaxi)
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0. :Eﬁ")b*ﬁi Model estimation

" AR AR 2N

KB LRICK > THRRARNEESND &
RESND

Assumed that rising temperatures will promote utilization

Train

Car

Tim LRICK > TRRARNIGF S D &
RESNSD

Assumed that rising temperatures will be suppressed utilization

Cycle

Walk
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0. :E?)L*EE Model estimation

= THFARE%L (Utility function)

+ 7_'\\11/1 Model 1

U, .., = otime + a,cost + a,U 20age + a0 60age + a,commute+ b,
U, = atime+a,cost + a0 60age + a,commute + b,
U, =atime+ b,
U e = antime + o, woman + aglowlncome + oy, rain+ b,
U, = atime+a,cost + o WOrk + b,
U, = ptime+ a,woman + a,commute + a,meal + a,,Temp. + o, rain + o, ,roof

ETIL2 . ZEumDRHYIC, PREHRZAL: bu, b, b, by, bs X FERIE

Model 2: Temperature humidity index was used instead of maximum temperature
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6. :E7_")|/E|’EE Model estimation

FH B8 8 (Utility function)

time=Total travel time (B 89i#h & T DR ZKFfE)
cost=Cost of destination (E#9thE TOHEH)
woman=Woman dummy (X4 2 —)

U20age=Under 20 age dummy 20Xk &4 = —)
060age=Over 60 age dummy (60 Ll L4 3 —)
lowIncome=Low Income(Under 2 million yen) dummy ({E4R A % I —(F U200 X))
commute=Commute or school dummy (BEEZ 4 3 —)
work=Work dummy (¥4 = —)

meal=Meal dummy (BE 4% 2 —)

Temp.=Temperature humidity (= 5%)

rain=Rainfall (/K £)

roof=Roof (E1R)
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ETILHEE

Model estimation

6.1 BREREZAW-ETIHEER

Result of model estimation using the maximum temperature

tfE (t value) #ERE (estimated coefficient)
TEHIE (train) ** -6.02 -1.90
E#IE (bus) +* -9.33 -3.16
EHIE (car) ** -11.38 -3.56
TE#IE (cycle) ** .9.09 -2.75
EHIE (taxi) ** -14.86 -5.86
Bt E TORTERR (time to destination) ** .23.12 -5.16
BrthETHDER (fee to destination) ** -2.81 -0.03
ZHEA = — (woman dummy) ** 6.81 0.76
20XKi#H4 = — (under age 20 dummy) ** 584 2.70
604t LLE 4 = — (over age 60 dummy) ** 464 0.91
EIRA & = — (low-income dummy) ** 596 2.28
BEEEF S = — (work and school dummy) ** 502 0.59
#£74 2= — (business dummy) ** 6.14 1.89
BE4 I— (meal dummy) ** 496 0.90
EE%UE (maximum temperature) ** _5.31 -5.54
BETDE/KE (total precipitation) ** D 44 -0.66
ERE|E (roof ratio) ** 751 6.32
H 2 TILE 3940.00
MEALE -5927.91
=RALE -3141.31
REZRE 0.47
BEFHHRERY 0.47 "=1%HR(p<0.01

2024/9/25 BMBXFHHEEREE 16



ETILHEE

6.2 APRIEMAAHLVETE 52}1’*&%%% Model estimation

Result of model estimation using the temperature humidity index

tfE (t value) #EZRE (estimated coefficient)
TEHIE (train) ** -551 -2.96
E#IE (bus) **-7.64 -4.21
EHIE (car) ** -8.61 -4.61
E#IE (cycle) ** 717 -3.80
TEHIE (taxi) > 1177 -6.92
Bt E TORTERR (time to destination) ** .23.12 -5.15
BethETHDER (fee to destination) ** 281 -0.03
ZHEA = — (woman dummy) ** 6.79 0.76
20XKi#H4 = — (under age 20 dummy) ** 586 270
604t LLE 4 = — (over age 60 dummy) ** 4.64 0.91
EIRA S = — (low-income dummy) ** 5,95 2.28
BEEEF S = — (work and school dummy) ** 5.05 0.60
#£74 2= — (business dummy) ** 613 1.89
BE4 2— (meal dummy) ** 494 0.89
T RIEE (temperature humidity index) ** _5.00 -3.26
BETDE/KE (total precipitation) ** .37 -0.65
ERE|E (roof ratio) ** 749 6.31
H 2 TILE 3940.00
MEALE -5927.91
RIELE -3142.97
REZRE 0.47
IBIEFHRERY 0.47 =1%HE(p<0.01)
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SUREHH I 2 L—> 3> Simulation of climate change

7 . 1 ﬁ J:ﬁ- / l/—:/ = > Simulation of increase in temperature

e B : SRLKUEZEFTRUEN LR THEMNE R
bNbd, TDI=H, ZUEHh LT H L. ZEFEE
RIZEDE S LGEENHSDLHERT 5,

0 ——— — Purpose: Due to the climate change, the temperature will likely

to continue to increase. Therefore, it is necessary to check the
impact of temperature increase on transportation mode choice.

FiE:  REJRZ01CIDLEREETES

Method: Increase the maximum temperature by 0.1°C

- o faR Result:

o (ESMEEEIZEA Walk largely decreased
e e e o BIEREL - HEJEAEI ©  Cycle and Carincreased

—train =—bus =—car —cycle —taxi —walk

BARIRRERE DR R BERELT, BEPFEORREHNEMT S DR T

iMvbD
P ELHZEIBPOL, REARBANTT T DR

Considering the impact on natural environment, it is necessary to avoid choosing cars
P increase walking and shift to using more public transportation

2024/9/25 BRBEXFHHEREE 18




%S # Evaluation of policy making

7.2 BROS[URBRRTICSITIEREISE bﬂ@&%ﬁ*ﬁ

Policy making of increasing the roof ratio under current temperature

BROSBRE T I 5 AN L 7B
BIRDFURRIE T ICHE T 5 ERE oL 7=B% BH : ERRDEREICKY . KBFEERNED K SICEILT S FERE

D XLifﬁlg_%?Ri 7)) T& %{7 Purpose: To analyze the impact on transportation mode choice by introducing roof to sidewalks
08 Fi& :  [BREIRROFEFE. BREIEGZ001FT2EBMEHES
Method: Increase the roof ratio by 0.01 while maintaining the current temperature
o7 Result
'ﬁi% . . «  Walk largely increased as the roof ratio increased
0.6 o (ESHAEEE(CIEM «  Cycle, car, train decreased
0.5 ° EE{E, E@JE, EE?ﬁWﬁ’P
0.4 ER . KRIEHEOBVENZIKREL LD, KABERAMMTTIELBEGRED
BAOEARDLAREN GBIREXRZHSEBEETRYSEI) . ERELT
03 o HITT—EALHIIL—LDAHE BIR] OXREL:
. —~ SRBEFROBBT— SN RERAEGEEH L. BLIFRUER

WTETFILIZHAAD
0.1 o= - HBHEIEORAZTHHADLZL
Evaluation: The decrease in car use should be the largest, but in the policy analysis, cycle was

3385828099 N23888K3598589592925¢9 j[he largest. (walking_and cyc_:le compete for the_probability of choos_ing one) The possible reason
O 6 0 6 00006 S 00 0 o0 o o o0 o C o0 S o0 o S O is that only routes with walking data were considered as "roof" in this model.
train bus car evele taxi walk For the future analysis, the proportion of roofs for each transportation mode should be

calculated and incorporate into the model using different coefficients.
In addition, there are few explanatory variables for car and should apply more in the future.

2024/9/25 BREXZEHTITEAEE 19



BESH#H  Evaluation of policy making

7.3 DHITEDZVNEROHERZEDBERS T

Policy analysis of introducing roof to the high pedestrian traffic sidewalk

BH : £5E—RETERZHRET 2DIXIEREN
—> SITEDZWMGATOAICRE LT-IZE 0
EIREIAAIES L -840 MEBED LI FE . HEIVVIZBITEOZVRICHEREZ,
ZTDLEMNGIEICERD LI TELG EZHRE
TV ZEEL LT
04 BiET SHEBEENEKRD 2%, 4%, 6%, 8%,10% & 75
0.35 é%é%h%h%ﬁ*ﬁ L/T:
03 ﬁ% .
0.25 ¢ ?5"[‘?%‘7??%’2(:15—
02 - BEENRD - TOMmE R

0.5

0.45

0.15

o1 Purpose: It is not realistic to introduce roof to every sidewalk at the same rate, so

' analyze the situation only introducing rood to the high pedestrian traffic sidewalk

0.05 Method: The sidewalk links were sorted in order of traffic volume, and links with
S — roofs or underpasses, etc., were selected from the top to the bottom. The analysis
0 was performed for each case where the distance to be improved was 2%, 4%, 6%,
0% 2% 4% 6% 8% 10% 8%, and 10% of the total distance.
train bus car cycle oty —es—alk Result:

Pedestrians gradually rise
Decrease in bicycles and slight decrease in others

2024/9/25 BREXZEHTITEAEE 20



BESH#H  Evaluation of policy making

7.4 EESRRCLUL (EER) ITHTHAXEHEFIGIMEK

Policy analysis of discount of public transport fees when the maximum temperature is over 30°C

BE :
05 -

0.45

CETHERNEILET SN EDH

04

R A5k ->THEEIERLEL, ST
v EZR . EROETREAMMOFBLTHICHERT/INEL.,
2o RBFEFERICEZDZEHN/PNIL.

Objective: Analyze whether discounting rail and bus fares on days with maximum
temperatures above 30 degrees Celsius would change the sharing ratio.

01 Result: Discounting did not change the sharing ratio.
Discussion.: The estimated coefficient of cost is smaller than the other
0.05 explanatory variables and has less impact on transportation mode choice.

0 12158]= 28(5/% 3F5lE 4F5l= s5FEIE eFBlE 7EI5]E s8F5lE oFElE 10%5| = — s — s -
B BERICEBESOHD - AHEQBMIH LT,
0EL EoBorhdEm@eEmns|5EE i X S H~ = ~
o I HEZBEERAZGIOVRIFIFEAERWNEEZ OGNS,
train bus car cycle taxi walk

The effect of public transportation cost discounts on the decrease in
walking and increase in car use due to rising temperatures seems to
be negligible.

2024/9/25 BREXZEHTITEAEE 21



SUREHH I 2 L—> 3> Simulation of climate change

8.1 Kﬁﬂ(%iﬁt/ E L l/_:/ = > Simulation of increase in precipitation

Mok EHHENN L =B 00 3558 F BRIRE O HEH (1mm T D ) BEY : SESIEZETRKENMENT LS EN
05 %2_ rO;h'%)o %O)T:&)s
FESE
"""""""""-'-—..-’— e S ——— — 'd_ é o
0.4 Purpose: It is likely that precipitation will increase in the
future due to climate change. Therefore, to ascertain how an
0.35 increase in precipitation will affect transportation choices.

0.3

Fi%  BAKEZOMMASIMMT DEMETE S

025 - — — — — Method: Increase the precipitation by 1Imm from Omm
0.2
| -  BAESEMTREE
— ST O BEEDRREDFH L,
00 SHICEDRIREDEMMIERTET:
’ 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 ReSUIt: AS preC|p|tat|On Increased’
_ _ the selection rates of walking and bicycling decreased, and

e T a - @ the selection rates of trains and cars increased
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BESH#H  Evaluation of policy making

p|

Zi

8.2 RICTHTLHEBIREBEOEEST

Policy analysis against precipitation by introducing roof

B9 : [AxZBIZK Y

N ROEHIREL LT <
E1R10%5ET KBFERERICEET IO DT 5.
Purpose: Due to the climate change, the temperature will

kS +25mmDIEA - likely to continue to increase. Therefore, it is necessary to
ceoces IR I I cheok the impact of temperature increase on transportation
mode choice.
ERI%E Fikx: BRRASZEESE, BRKE, BKEN

25mmign L =158 &£ 2RI 5

Method:Varying roof proportions and comparing the current

[EKZ+25mmDEE - . ) . . . TR
s R Y situation with an increase in precipitation of 25 mm.

= [ el FEoe, Rk
=R -mm -
ENEMLERETTE,
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% . ) . .
P Result: 1%-~5% roof increase would maintain the same level of
mtrain  mbus Mcar mcycle Mtaxi  mwalk walking share as the current situation, even in an environment

with increased precipitation.
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9. #&=m Conclusion
IIIIIIIIIIIIIIIEEIIlI!HI“IIEIIﬂIﬁHEI“IIEﬂIIIIEEII

SuER-E S Temperature Increase

B% 7k 210 Precipitation Increase — — t ‘ — ‘
EREIAEM 5 . N 3 . e
Roof percentage increase

- SR EREPEKEEME LN T _EMNTREINT-.

Climate change, such as rising temperatures and increased precipitation, was shown to decrease walking and increase the number of automobiles.

HEE LT TERESORMIC &L 25 TRERE] & ARCLIARTERAREI EHRIHLE
BREG OB - ESAEML, BEEAEOTARELAY, KEBEEHICHLT

Ehhotz. —AT, EROBRIRT—FZRAWVNS I L0, BBAEHE L TRS LS
DRXBFERICEEDIEVSEHENDELBELL-.

- /\';Ii\)LLl:lugl

The policies considered were “improving the walking environment by increasing the roof ratio” and “discounting the cost of public transportation based on temperature”.
The results showed that the increase in the percentage of roofs: walking increased and bicycling decreased, indicating that roof improvements are effective in
increasing the number of pedestrians in response to climate change. On the other hand, it is necessary to improve the results by using the whole roof data and
including transportation other than walking as an explanatory variable. The model also found that the public transportation discount rate did not affect the choice of
means of transportation even when the discount rate was increased on midsummer days, which was considered to be due to the small effect of costs in the model.

RKETILTOEHDODEZEN NS
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& Xk

- EMPPEEZE(2019)

« R[RIT  BEODRET—4F, <Z2ZT | BEDRET—41FE (Ima.go.p)> (2024/09/11EE)

s [ZRT: BROFEFEHRE <Z2ZT|HAOFEFHSE (Ima.go.jp)> (2024/09/11EHE)

« BAXRBHRAGH . 2V V—HEIZOVWT, <AV V—HEICODWTEFEDEY —7H s BARE
(nihon-kotsu-taxi.jp) >

« FRIBBMODEE, <FREHDOEHE | EEOFHE | 15 Y A F (calc-site.com)> (2024/09/12F8

%)
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https://www.data.jma.go.jp/obd/stats/etrn/view/monthly_s1.php?prec_no=44&block_no=47662&year=2019&month=&day=&view=
https://www.data.jma.go.jp/cpdinfo/temp/an_jpn.html#:~:text=%E6%97%A5%E6%9C%AC%E3%81%AE%E5%B9%B4%E5%B9%B3%E5%9D%87%E6%B0%97%E6%B8%A9%E3%81%AF%E3%80%81%E6%A7%98%E3%80%85%E3%81%AA%E5%A4%89%E5%8B%95%E3%82%92,%E3%81%8C%E9%A0%BB%E5%87%BA%E3%81%97%E3%81%A6%E3%81%84%E3%81%BE%E3%81%99%E3%80%82
https://www.nihon-kotsu-taxi.jp/reserve/fee/
https://www.nihon-kotsu-taxi.jp/reserve/fee/
https://www.calc-site.com/healths/discomfort_index

SUREHH I 2 L—> 3> Simulation of climate change

H FRE#ZITOEASELVZalL—Yay

Simulation of temperature humidity index increase by 0.1

NRIEHEZ0IT O ERIE-BED I aL— 3>

05 y =-0.0004x + 0.4437

0.45

04 R RN LR T B L.
o fEHHED

0.35

. - BEREH, FTEH, BFEHI,ENER
y=2E-05x + 0.2461

0'25 o As the temperature humidity

o I S index increase

019 y = 16-04x +0.1041 « Walk decreases

01 = — — — - « Cycle, train, car increase

0.05 y =-6E-06x + 0.0164

y=2E-05x+0.0109

0
0.103050709% 11131517 19 21 23 25 2.7 29 3.1 33 35 3.7 39 4.1 43 45 4.7 49

— 131N — DS —C 3 — C/C&

— 17X walk cererenes FRIE (train) eeeeeess b i (bus)
......... R (car)  eeeveeees BRI (Cycle) ooveeees $RAZ (taxi) coveeeeer $RHE (walk)
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