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2.3 REAMICHITHHEMEHER

231 BEIZEEOEARNLGEN
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2.3

BARMEICEY 2EMES (ERXEHE)

T S% . 2022 FHEAO"
Bt ik it Bt =z
20 £ 29 (5.5%) 59 (11.1%) 88 (16.6%) 8.9% 8.8%
30 1% 56 (10.5%) 48 (9.0%) 104 (19.6%) 8.9% 9.3%
40 £ 59 (11.1%) 62 (11.7%) 121 (22.8%) 11.0% 11.6%
50 1% 58 (10.9%) 57 (10.7%) 115 (21.7%) 10.1% 11.2%
60 1% 48 (9.0%) 55 (10.4%) 103 (19.4%) 9.6% 10.6%
5 250 (47.0%) 281 (52.9%) 531 (100.0%) 48.5% 51.5%
* REARIRIC X D TIKETATR] - il - B oHERF A D AT
x24 EABEHCEYTHEMEST WX EEUT1)
204K | 30K | 401X | 504X | 60 1% 2K
3
ARE (OS—F - TS FETe) 59 87 102 102 63 | 413 (77.8%)
T 14 1 1 0 17 (3.2%)
BT - BR 11 11 15 50 (9.4%)
T - 2 ofh 5 7 25 51 (9.6%)
BEEIEORY - EERARARR
WDV | IITHFHOHEEH Y 41 73 87 78 66 | 345 (65.0%)
FFFH Y . FEILH O BB S Y 13 20 17 20 22 92 (17.3%)
fFrdH . HEE L 18 8 12 6 50 (9.4%)
SHRE® 16 9 5 44 (8.3%)
ZWREORE - ERAARKR
DY | FETEHO iREH Y 7 12 13 13 11 56 (10.5%)
WDV . FIEILHO ZiEH v 1 5 3 5 2 16 (3.0%)
HFFH D EmRER L 64 84 97 93 81 | 419 (78.9%)
FuFFie L 16 3 8 4 9 40 (7.5%)
HEEOEMFAERKR
FIFEFAOHERED D 38 38 42 33 40 | 191 (36.0%)
FHEIHOAEZEH Y 12 13 23 24 10 82 (15.4%)
His# 2 L 38 53 56 58 53 | 258 (48.6%)
ESOENTETRELAKETIC
BETEHERM
100m £ T 3 1 1 5 14 (2.6%)
300m £ T 4 1 3 1 15 (2.8%)
500m £ T 10 1 30 (5.6%)
lkm £ T 12 24 23 20 18 97 (18.3%)
1.5km £ T 5 5 9 8 4 31 (5.8%)
1.5km L4k 59 63 72 76 74 | 344 (64.8%)
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®2.5 BEITENCEET HEMKE (BREBFHROFRAEE)

AHZBIEES pon
A B C D E F
%8
s ALk 43 0.0 0.9 1.9 2.9 0.9 1.7
T 1~4 AR 43 0.0 8.3 0.9 29 0.9 4.7
A1~ R 10.6 12.3 6.4 6.6 9.7 5.5 7.9
I~ AR 46.8 31.6 29.4 255 19.4 22.0 26.9
1 AR A< R 34.0 56.1 55.0 65.1 65.0 70.6 60.5
IREEE - BRER/NR
s AL 17.0 10.5 9.2 4.7 3.9 1.8 6.6
I 1~4 BRLE 6.4 123 8.3 7.5 7.8 4.6 7.5
A 1~ AR 25.5 24.6 18.3 16.0 15.5 8.3 16.6
I~ AR 34.0 333 33.0 34.0 32.0 32.1 33.0
NS XA 17.0 19.3 31.2 37.7 40.8 53.2 36.3
BHEE (E#x)
s ALk 23.4 36.8 422 56.6 57.3 62.4 54.4
T 1~4 HRRSE 25.5 24.6 22.9 17.0 223 21.1 23.6
A 1~ 10.6 53 7.3 2.8 3.9 2.8 53
A~ AR 43 35 6.4 19 1.9 0.9 3.3
1 H AR AL 7R 21.3 14.0 12.8 14.2 7.8 92 13.3
BHEE (RF)
s AL 43 1.8 5.5 7.5 3.9 7.3 55
T 1~4 AR 19.1 31.6 25.7 32.1 33.0 38.5 31.1
A1~ AR 23.4 19.3 26.6 24.5 34.0 23.9 26.0
I~ AR 25.5 31.6 22.0 16.0 10.7 11.0 17.7
NS XA 27.7 15.8 20.2 19.8 18.4 19.3 19.8
“bmE - JRAT
s AL 2.1 10.5 3.7 6.6 29 6.4 5.7
T 1~4 HRSE 43 3.5 4.6 47 1.9 4.6 43
A I~ ARE 2.1 35 1.8 1.9 1.9 1.8 22
I~ AR 0.0 35 2.8 47 3.9 2.8 35
NS XA 78.7 64.9 79.8 74.5 82.5 81.7 84.3
HEsE
s ALk 10.6 3.5 10.1 9.4 5.8 2.8 7.0
I 1~4 BRLE 17.0 10.5 14.7 7.5 9.7 55 10.1
A 1~ R 10.6 10.5 12.8 6.6 29 9.2 8.5
I~ AR 17.0 17.5 7.3 19.8 9.7 16.5 14.1
1 AR A< R 447 57.9 55.0 56.6 71.8 66.1 60.3
SO HDHMH
s AL 27.7 28.1 17.4 12.3 6.8 7.3 14.3
T 1~4 HRSE 55.3 38.6 40.4 30.2 30.1 25.7 345
A 1~ B 10.6 15.8 15.6 24.5 21.4 17.4 18.5
A~ AR 43 10.5 15.6 16.0 223 17.4 15.8
1 H AR, AL 7R 2.1 7.0 11.0 17.0 19.4 32.1 16.9

¥ FPOMHEIL A~F O Z LB IORETOES (B %), 2B, HETIE NE 1~4 ARE] 2 HA3~4 d
FRE] & T 1~2 BRE] 2O TIRLED, ZoRTIEERALEZEELTWS
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P TITE-, AHLZSEFHICERE L7 10 O ~DW R & 25 a8 LTk
Z SEEE (5, 4 R00ME, 3 EHbHEBF RN, 2 00N, 1 ANl THERM
L7, BRHERE & E2NOIZEET2FEMET 7 T8 OV RHMEAE R 2.6 (7, EBEHIA
P T MZONTOET, HAIZE S TKERETF LY iz L72) LTWbHEZ A
b DD, BERFEMESEVIE ERE LNV, DL EIZRIHE T3 2B TR, 2T
# TIRFHAA 2R L LThRWE & bFihliind, TBITISEER « B/ SN2 24 | [BIFE
CLEFIS % L EE LTI o T RE LT FERHE CTh 5, C~F BFETIZEDHEA S k
B KX 0 EAE < EBEOFAEOANMEIIIFAE 2D LV IRNZ L3 HfiETE 5,

WIZ, BRDO10EHED S 6 [HiplonAzsm (BhE, BmEE, B\ R L) #8ifE
EVEZFHTH L2570 ICHEET HHLEEDNEWEE 7 3 2Z2:mRl, 1 ik

Ry 200 208, 30iE 1 e LCARR LI EREA K 2.7 1R T, RN ORIEET 7

®2.6 EHEICEHYSEMET (MHRB~DHRE)

NHZBFEES Y pon

A B C D E F
HENDRT Y OR - (#-TE To 421 4.02 3.89 3.48 3.47 3.02 3.59
BaiR B E O LT X 4.23 4.07 | 4.05 3.62 3.67 | 3.35 3.82
B EF D DER - 1SR PT COEITAIL 3.94 3.56 3.42 3.16 286 | 2.57 3.15
3.92 354 | 3.56 318 305 | 2.69 3.30
fT& 72V HAgHE T 2 BEARAS 3.70 340 | 3.48 3.09 3.03 | 2.66 3.16
HHZ L 3.59 341 3.68 3.23 3.11 2.82 3.31
B L ConD BRI E T 3.79 3.68 3.52 3.33 3.10 | 2.82 3.30
BERFHEBEE O LT & 3.69 3.72 3.73 3.47 318 | 3.02 3.47
DO AW TEE & b~ 7= @ o 3.66 3.35 3.29 3.08 294 | 2.61 3.08
M GHENE) 3.59 3.35 3.49 3.20 3.10 | 275 3.24
OB TFEE & DRI Z - FHEE D 3.72 3.51 3.39 3.13 3.04 | 2.69 3.17
L7 & 3.74 3.52 3.55 3.33 316 | 290 3.36
PRBECN AR ENREZIR EB VI 3.53 342 | 3.39 3.34 3.18 | 3.01 3.28
kHZ b 3.51 335 | 348 3.39 331 | 3.29 3.39
s L7 ORI IE T L CnNA Z & | 3.51 3.47 3.38 3.09 289 | 271 3.11
3.46 337 | 356 | 3.15 298 | 2.80 3.22
NHEZLEICE T D IHHROESE 3.51 3.49 3.37 3.16 3.01 2.63 3.13
3.49 346 | 3.59 3.17 3.08 | 2.78 3.36
AHAZBICT AERDOATLLTE | 3.60 3.58 3.44 3.25 3.13 2.74 3.23
3.54 354 | 367 | 3.32 318 | 2.84 3.36
P EEEO-AIASEI— A2 | 3.60 349 | 342 3.16 3.07 | 2.74 3.18
3.54 343 | 3.63 3.24 316 | 2.90 3.32

¥ EKPOMHEIL A~F OFEZ LB IOERETOWMRE 5 e~ R OVHE, BTy Lo, F
B (2 v 7) ITKBEERE - IR ZE 1 ARED ERATS LEE LY 7L OHDfE
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x2.1 BHICEYLHEMER (SoLHINARBIAD-ODEHRER)

NHIZLEFIEES VY otk

A B C D E F
HENDREY O - (52T To 1.53 1.46 1.40 1.47 1.46 1.68 1.50
BaIRHCBE O LT X 1.44 141 147 1.35 144 | 1.57 1.44
D O - AFE T TOEITAEL 0.57 1.02 0.94 1.03 1.02 | 091 0.94
0.67 1.07 | 1.07 1.20 113 | 1.20 1.08
T&E T2V B E TT T 2 B8R 1.34 1.44 1.23 1.39 1.13 1.32 1.29
HoH L 1.38 150 | 1.28 1.27 1.13 | 1.49 1.33
FRELL CovD B E T 0.30 0.33 0.55 0.43 0.55 | 0.30 0.43
BaRHCBE O L X 0.31 0.30 0.53 0.41 054 | 0.35 0.43
D2 M TEE & e~ 7= Eh R o 0.51 032 | 043 0.39 024 | 046 0.39
mE GHEEN) 0.56 0.30 | 0.40 0.38 023 | 0.29 0.36
OASETFEE & DR Z - FHEEZ D 0.32 0.30 0.30 0.23 032 | 027 0.28
LT X 0.36 0.24 0.29 0.24 0.23 0.18 0.25
PRBEON AR ENELIR EB VI 0.49 042 | 0.40 0.38 0.54 | 0.17 0.39
KDk 0.44 0.43 0.43 0.42 0.59 | 0.10 0.41
BE LB OE TL VWA 2 E | 0.79 0.54 0.51 0.53 0.61 0.61 0.58
0.67 0.54 | 047 0.61 0.61 | 0.69 0.59
NEASEIT BT D O EOE 0.11 0.14 0.11 0.12 0.05 0.15 0.11
0.13 0.17 | 0.00 0.09 0.02 | 0.06 0.07
AHAZBIZBET DIEROAT LTS | 0.04 0.04 0.11 0.04 0.08 | 0.15 0.08
0.05 0.02 0.07 0.03 0.08 | 0.08 0.06

X RPOMEITA~F OFEZ LB LORETOELHEE G Al 1AL~ 413400 A5 Lo, BB
TRV TADME, TB (2 v 7)) [FREER - B AAZE 1 ARELUEFAT 2 L EE Lz 7

DIHDAE

[CHD U7 FE AR 0 b 00, 2R TIE THEDNSKE Y O « (S8 £ TOBEK
FBEIO LT &), MTEWHME TITT 28R S5 Z &), THRF D O - 1E8ET
TOMEITAE] DIETEWRELE > TN D, ITRbITVnTF bR 2.6 THIZU LR E
DRESNTCHE ThoTe, S ORLFHZRTELREN DITSGEORMA B 5 Z & DR S

o,

24 BEAMICETHHLORBY—EXDFRAERDSH

241 HDHOTTE

232HMNG, FERHIZEBW TALZHOFAHIZE L TO THEN LI D OBR « 28T E
TOBEBEMCBEIO Lo &), 3728bb 77— b x A )LOBENZ DWW TIIAE M 2
SNTWAKH., WEORHEHSHZ &N hnbii-, KETIEZ 9 LIE-BEFEEZ
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£2.8 HLLVKEY—ERIIHT HFAREBROCEHOEMES
©) ) ©) @ ®
FIFRARER - F05
=T A7 (SC) 158 463 33.7 3.0 1.1
T ARG —2 =7 (0CS) 429 378 17.7 1.4 0.2
®THHX 72— (RST) 288 499 19.6 1.1 0.6
FH - AT AE FIAZERAT HIEEIIKIZHESLH)
/) FIFHIZHT- > THANZA~— N 7 4  OBEED WL 7.3 32.8 27.5 23.7 8.7
H3@) HFEHINO AT —2 g3 0 F T, AT — g Vb AR
U A5 < A 79 426 301 17.3 2.1
SC) BEHEYDAT— a yOHEEALETEUHENTE
D ) B AR 207 469 254 53 1.7
SC) WHNUT-WNAT—3 g AZZ=ZE N R bEE DR
ST 7y A 258 458  21.8 5.1 1.5
SC) &1 2 HHREOIRAECTE D Ll 14.1 476  26.6 9.8 1.9
SC) FHHRLTF A DL 5 14.3 33.5 333 15.4 34
OCS) R LT2WHERCHET D AT — 3 > CATLEO BfE
B U A 2 185 495 25.7 5.1 1.2
0CS) EHLF-WAT— g 42285 137 | b EE DR
T CRAICX oL A % 240 483 22.4 43 1.0
0OCS) {0 % HENEOIRIERCTE D LML 160 448 294 9.0 0.8
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RST) —Ex=Y 7HNDOAT— 3 L TULNEFETE 20 200  46.1 243 8.9 0.8
RST) FAICE D FRINOLREE CEOOFHRINAELD | 162 450 296 8.3 0.9
RST) oOFE LR CHEMNICED 55550305 20.5 40.3 27.1 10.5 1.5
RST) fOFE DR I~ CRERFENIENDGERHD | 203 443 24.9 8.9 1.7
WA - TIRE FIAERETT HGEITKEN)
) 17& LIRY CRARAZATEREZN T 572 L, Hil
T 119 471 35.6 3.6 1.9
Sfcé 2 HEHZFAES L b, AT —Y g VR CHGHEAZ R 04 471 133 68 4
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B . T AT AR 147467 3155319
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BERE L, 216 OFZIFRICE D TR 2862 11.9 454 36.2 5.1 15
D, B EMAEDE TN
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o FIERRER - W Qe Mo, OBWEZ Liddh o7, OBEEZM -S> TV, @QfF-7=2 L2
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# 2.9 1TEVEZ BMEE LR ThH 5, T 1 BAm, &< vy & DEED) SC,
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[ S NTZDIFEENEI162%, 10.9%, 82% TH -7z,

ZOT—Z% b CIGGEER LR EREE OMGRA LR T 54— — Yy NET LA
WES 5, 72720, ERoRZEEG2EE 4, FIHEMTE1 B EORHEZ 1 DIcE L
7o 4 BERED O OFIRE UTe, BAZRGE UGB R, SP TR LI S&ofF (3 2.2)

VR MR BEMEOASZSEREN:, ABEE BisEOR A AREE. B EH
REENZ T 2B TFE ORI, £ OMERRICED L EREA R ETHDH, MA T,
[BEH Z L ITEEBDORIZEN o 5D Z LIZEA . ENICEA OEEIED ) 0 OIER /AR ITHE -
T U HNIHHT D ERE L TEDIFHERES NT A= L UTHEE LT, #EEIZIZR O
Ny =TI D Apollo® DA H L7,

RO BT - TE, SP BRI DSMEOERUTIMTHAT 5 2 & 2RI, SER O 7
—T T LRI THRA MR 0 K L oOREE N RV E B A B A Li-ob, 2%
BORIZET VERE Lic, ZOMRTHER, M, 1TEHOABIHE - QEEEOREGOH
BIIAELROTERIAN SN TV D, HBMRIRHEER R 2K 2.10 1T

F9°. SP KDL EIT OCS IZBIFH AT — a VR ZREEREB Y OF A
B L polz, REOLNLHEMERT S &, 4 0 OMESRENIT SC TR20 M (15 bz
V). RST THKI270 M (1 ®HH/= V) OFHEHEIIMZ, RST OFIHFEET U 7 3km fLK
13K 130 B (F) OFIAEHEINC, Tn b2, 7220, R LSRN S 2R 2
KEFTHOTHY, TTNBIZLDT ) TR OFERELEZLND Z D, (5
PEICIZE AT 5, FRC, RST OFESRHAENEHIFY 3 2R R INEEO K & &0, F

£2.9 HLOKBY—ERICHT HFIAER (FIAEE) OREDSH

SITHA )L Doz 8h— 17 EERV—
(n=1,032) (n=944) (n=1,038)
6:15 HLE 2.1 1.8 1.0
538 3~4 QREE 6.1 23 25
43 1~2 HEEE 8.0 6.8 4.7
3 H 1~ 15.1 11.0 11.4
2 AR I~ HFREE 15.8 15.6 17.0
1: 41 ARG 720 52.9 62.5 63.5
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3 % Evaluating the Implications on Residential Location Distribution
by Privately-owned Automated Vehicles: A Case Study of Gunma

Prefecture, Japan

3.1 Introduction

Automated vehicles (AVs) are expected to be a promising mode of travel in the future, given many
original features differentiating them from human-driven vehicles (HVs), such as the lack of human
drivers’ involvement and hence the less general cost of travel. Despite that extensive research efforts are
ongoing to study AV features and better understand their potential effects, implications on residential
location choice are still understudied”, especially in the sense of travel behavior modeling. Some
exemplars include Gelauff et al.?, and Llorca et al.?. The few studies provided results in conflict that
“stems from the limited integration between simulation and behavioral studies™. Despite land use
transport integrated (LUTI) models having been widely applied, appropriately reflecting the changes
from AVs in the residential location model is far from reaching a common ground. The results also varied
widely depending on the contexts of study regions. Evaluating the AV impacts in the context where the
related study has been missing should offer insights regarding this unsettled research question.

Against these backgrounds, this article intends to offer insights into quantifying the privately-owned
AV (PAV) implications on residential location distribution focusing on a Japanese regional area.

Such an investigation necessitates building models with the properties to reflect transport changes in
long-term land use models. For that purpose, this study uses activity-based accessibility (ABA) ¥ that
generated from a short-term transport simulation model system®. A multinomial logit (MNL)-based
residential location model is estimated, validated, and simulated with the PAV effects reflected in the

scenario settings. Two policy mandates are then tested to attempt to mitigate the possible negative effects.

3.2 Methods and Data

3.2.1 Methodology Framework

A multi-hierarchical LUTI model system is adopted as the methodology framework of this study, as
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proposed in Luo et al.®. This model system mainly consists of three models: an activity-based travel
demand model, DAS?; an agent-based dynamic traffic simulation model, MATSim®; and an MNL-
based residential location model. The DAS models the travel demand, and MATSim models the travel
supply component. These two models are integrated to capture the short-term travel demand-supply
interactions: the outputs from both models, respectively time-specific OD pairs data and network
conditions data, are exchanged across the two models. Exercising travel demand-supply equilibrium is
necessary in, for example, measuring indirect effects such as traffic congestion due to induced travel
from AVs. After the two models converge to a demand-supply equilibrium, ABA is calculated as a
composite change from the transportation system to be passed to the residential location model as one
of its inputs. The approach to incorporating the ABA follows Ben-Akiva and Bowman?. Job location
and facility development are considered exogenous, i.e., either unchanged or set by scenarios. The
details of building and implementing the short-term simulators, MATSim and DAS, are not the focus of

this article, readers are referred to Luo et al.”.

3.2.2 Study Region

This article uses Gunma Prefecture of Japan as the study region to study potential AV implications.
Gunma covers 6,363 km? and has a total population of 1,940,333 as of 2020, with a population density
of 304.9 people per km?. It is not too much to describe Gunma as a car-dependent society, as Gunma is
the prefecture with the highest average private four-wheeled vehicle ownership in Japan with 70.5

vehicles per 100 persons'?.

3.2.3 Data Sources

The Gunma 2015 Person Trip Survey data (PT data) is used as the initial travel demand and residential
location data. The Gunma PT Data was pre-processed to filter missing or inexplicable attributes. Finally,
a dataset of 16,425 households with 33,300 persons is adopted as the effective initial travel demand and
residential location data. The sample constitutes 1.57% of the whole target population in 2015. The
dataset was randomly split into two 80% and 20% parts at the household level for the subsequent
estimations and validations.

The analysis spatial resolution of this study is the 1km? mesh cell, which is called Tertiary Mesh cell
in Japan. Such a level is considered appropriate as a balance between the requirement of spatial
resolution and computational cost. Mesh-cell-level land use data were collected mainly from Regional
Mesh Statistics (Statistics Bureau of Japan, 2019). After processing, a dataset with 3,001 mesh cells is

obtained and will be used in this study.
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Two important concepts of land use: Urban Function Attraction Area (UFAA) and Dwelling
Attraction Area (DAA) that will be used in evaluations are introduced here. These concepts from
Location Optimization Plan refer to the target areas to attract respectively urban functional facilities (e.g.,
commercial, educational, and medical facilities) and residents in achieving compact urban structures.
They are used to define the urban center areas in this study. The spatial distributions of UFAA and DAA

are shown in Figure 3.1.

A Is UFAA area A Is DAA area
N 0 3 0
1 1

20 km 20 km
10 mi Leaflet | © OpenStreetMap contributors © CART 10 mi Leaflet | ® OpenStreetMap contributors © CART

Figure 3.1 Distribution of UFAA (left) and DAA (right) in Gunma PT Data Area
(Source: adapted from the Municipal governments’ websites)

Some other necessary attributes in modeling residential locations, however, are currently not available
in Japan for the same resolution used in this study. Among others, the number of housing stocks and
housing price per mesh cell are important as they measure from the supply side of the residence market.
For the housing price data, we used Land Market Value Publication Data (Ministry of Land,
Infrastructure, Transport and Tourism, 2016) and a hedonic model to approximate the mesh-cell-level

land price. The land price will be then used as a proxy for housing price. The details are introduced next.

3.3 Model Specification and Estimation

3.3.1 Land Price Hedonic Model
We firstly estimated a hedonic model structured in linear regression, which took the mesh-cell-level
land price values as the observed data. For simplicity, the hedonic estimation results are omitted here.

The results indicate that mesh cells being transport accessible for all three types of tour, and with less
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area covered for either agricultural or industrial use are likely to have high land prices. Being in big
cities such as Takasaki or Maebashi also has extra value on the land price. The estimated land price as
the result of the hedonic model is shown in Figure 3.2, where the distribution of land price is similar to
the distribution of the number of households and employee of the area, demonstrating adequate

predicting ability of the hedonic model.

Land Price (JPY/m2)
0 - 20,000
20,000 - 40,000
40,000 - 60,000
60,000 - 80,000
80,000 - 100,000

100,000 — 120,000

20 km
10 mi Leaflet | © OpenStreetMap contributors © CARTY

Figure 3.2 Estimated Land Price by Mesh Cell

3.3.2 Residential Location Model

This study follows Ben-Akiva and Bowman” to integrate the residential location model with the
activity-based model system. The residential location model is specified as an MNL model at the
household level.

We used the randomly sampled 80% estimation dataset of Gunma PT data for the model estimation.
13,140 households are exogenously divided into five market segments of similar size by the age of the
household head and the number of household members to accommodate the demographical
heterogeneity. Although the estimation results of the model are omitted for simplicity, they show
expected coefficient signs of household average ABA and land price, which indicate that the trade-off
between the transportation and housing cost is captured. Besides that, all households are found to prefer
mesh cells with fewer buildings, fewer farmlands, more forests, fewer employees no matter the job
category, and governed by the two big cities, Takasaki and Maebashi, all else being equal.

Validation of the residential location model is also performed to prove its reliability. The validation
sample data with a 20% random sample of the effective 2015 PT data are used for the purpose.

The first type of indicator used for the validation is network distance to the closest center area, to
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represent the feature of the residence pattern in a polycentric area like Gunma. The concepts of UFAA
and DAA are considered appropriate to define these center areas by their definitions. Validation results
are obtained as the average values of 10-time Monte Carlo simulations of the residential location choice
model. Shown in Tables 3.1 and 3.2 are summaries of the statistics.

According to the comparisons of the summary statistics in these tables, the estimated residential
location choice model has good reproducibility in predicting the median value of the distance to both
the nearest UFAA and DAA. However, it is not the case for mean values where the simulated value is
around 20% smaller than the observed one. The extreme values affect to a great extent the mean values,
hence causing discrepancies in the validation. Also shown in the tables, the difference between the mean
values after removing those that are farther than 10,000m is much narrower, which should support the
speculation above.

Another indicator: the count and ratio of households residing in DA A are also assessed, which is more
straightforward to comprehend and will serve as one of the policy evaluators. Its validation results are
shown in Table 3.3, where the simulated values are also averaged from 10-time repeated simulations.

In summary, the estimated model shows sufficient reproducibility and is adequate for forecasting.
However, as bias caused by the extreme values is confirmed, the subsequent analyses will focus on the

median statistic for the distance indicators.

Table 3.1 Validation Results of Network Distance to the Closest DAA

Network distance to the closest DAA (m) Mean Median S.D.

Observed 3,172 1,237 7,308
Simulated 2,265 1,222 5,425
Observed (data farther than 10,000m removed) 1,658 1,158 2,149
Simulated (data farther than 10,000m removed) 1,561 1,195 1,928

Table 3.2 Validation Results of Network Distance to the Closest UFAA

Network distance to the closest UFAA (m) Mean Median S.D.

Observed 4,297 2,298 7,245
Simulated 3,458 2,170 5,567
Observed (data farther than 10,000m removed) 2,712 2,067 2,299
Simulated (data farther than 10,000m removed) 2,626 2,059 2,220

Table 3.3 Validation Results of Count and Ratio of Households Residing in DAA

Households residing in DAA Count Ratio*
Observed 1,328 40.4%
Simulated 1,344 40.9%

* Total number of households is 3,285 in the validation dataset.
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3.4 Model Application Settings

As a common approach to reflect potential variations in AV characteristics, scenario analysis was used
in this study. The forecast year is 2040, a time point assumed for the prevalence of AVs!).

In total, one base scenario and four AV scenarios are adopted as shown in Table 3.4. Base Scenario is
subjected to population decrease only compared to the 2015 PT data, while the AV scenarios reflect three
features of AVs in the settings: lower value of travel time (i.e., fewer travel impedance); increasing road
capacity; and improved vehicle usage patterns that handled expediently intra-household sharing
demands. The former two features are consistent with our previous work®, which readers are referred to
for the details. While the third feature is new to this one and is elaborated below.

For all the AV scenarios, HVs currently owned by households are assumed to switch to PAVs with the
same ownership level, and all the members in these households are assumed to have access to an
available/idle PAV irrespective of their driving license status. Certain rules are proposed below to define
the availability/idleness of AVs.

The way to define vehicle availability of PAVs is different from those of HVs. The main PAV feature
that they can drive themselves is assumed to impact the vehicle usage patterns in two aspects: 1) PAVs
require no driving license anymore; 2) PAVs can move back home itself (i.e., without any occupant) to
serve another household member. Therefore, those people under the PAV case should have an
opportunity to access to a PAV when the PAV has returned home by itself during idle time when its

(primary) user is not using (e.g., staying in the office from AM Peak — PM Peak).

Table 3.4 Summary of Scenario Settings

Value of travel time for AV
compared to HV (drivers)

Scenario Population PAV PAV or HV . Road capacity
change ownership availability =~ Commuting-  Other-purpose  for AVs of HVs
purpose tours tours and
and subtours  subtours
Requiring
driving license
Base .
S ; - & depending - - _
cenario .
on vehicle
82.45% to ownership
Scenario 1  the current 75% 85% 1.0
. (IPSS, 2018) The same .
Scenario 2 asof Hy  Depending 50% 70% 1.0
. hip  O0 vehicle
Scenario 3 OWNCISAIP o4 nership 75% 85% 1.2
patterns
Scenario 4 50% 70% 1.2
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Regarding the residence moving-or-not choice, we assumed that the households would make residence
moving choices following the observed moving choice results currently in the study region. To elaborate, the
moving choice is applied based on the data from the National Census (Statistics Bureau of Japan, 2015) to
identify the probability of whether households still reside where they were 5 years ago. The probability of
whether a household would move by 2040 is calculated as one minus the fifth power of the did-not-move
ratio between 2010 and 2015. Fifth power means that there are five periods of five years between 2015 and
2040. The ratios were differentiated by the age of the head of the household. The calculated moving
probabilities vary with the age of the head of the household, ranging from 16.1% for the age of the head of
household over 85 to 100.0% for the age of the head of household between 15 and 29. Complete results are
not included here for the sake of conciseness. Monte-Carlo simulations were run to decide whether the
household would move before simulating the residential location choice.

For the residential location choice simulation, the treatments are similar to what was applied in the model
validation section. 50 alternatives of mesh cells sampled with Importance Sampling with Replacement were
provided to each household as the choice set. ABA values were pre-calculated for each sampled alternative

given the AV settings.

3.5 Simulation Results Under No Policy Mandates

The residential location model was simulated 10 times in a Monte-Carlo fashion, and the results were

averaged the same as in the model validation section. Table 3.5 summarized the results.

Table 3.5 Simulation Results Summary

2015 PT Base Scenario Scenario Scenario Scenario
Data Scenario 1 2 3 4
Evaluation indicators Value Value Value Value Value
Value (% change (% change (% change (% change (% change
against against against against against
PT) Base) Base) Base) Base)
DAA (m) ’ (+6.7%) (+2.8%) (+5.7%) (+5.5%) (+8.2%)
ﬁffiffevtﬁll’ﬁe(’flﬂfﬁx’rk 2328 2,507 2,571 2,685 2,700 2,762
UFAA (m) ’ (+7.7%) (+2.6%) (+7.1%) (+7.7%) (+10.2%)
Ratio of households 40.2% 36.8% 34.5% 33.1% 34.3% 32.8%
residing in DAA
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From the results, we can again identify clear moving trends to reside where are more distant to both
DAA and UFAA. Even for Base Scenario that differs from the PT data only in population size, the
median value to the residents’ nearest DAA and UFAA are found to increase by around 7% presumably
due to the improved level of service in the road network. With the introduction of PAVs, these two
values against Base Scenario escalate to up to at most 8.2% and 10.2%, respectively, under Scenario 4.
The residents presumably are attracted by the increased accessibility and lower land price, so they decide
to live farther from the city centers. As for the ratio of residents in DAA, all AV scenarios witness
decreases against Base Scenario, dropping at most to 32.8% from 36.8%.

As expected, both AV characteristics (value of travel time and road capacity benefit) contribute to the
moving trend as Scenario 4 shows results with the highest increase rate. It is interesting to find that
Scenarios 2 and 3 show similar performance in the two median distance evaluators. This suggests that
the effect of road capacity benefit is at a similar level to the more optimistically set value of travel time.
However, when comparing the ratio of residents in DAA, the result of Scenario 3 is still at a similar
level to Scenario 1, but not Scenario 2, which indicates that the two AV characteristics could contribute
to the moving trend in a different way.

Figures 3.3 and 3.4 show the shares of residence by distance to the nearest DAA and UFAA for
detailed changing patterns of residential locations. The distribution results generally confirm the findings
from Table 3.5. In particular, it is found that the residents tend to shift to the areas that are 2km to 6km
apart from the nearest DAA and 3km to 7km apart for the nearest UFAA, but not further in all the AV

scenarios. This suggests where the new housing and transport cost balance occurs.

3.6 Policy Mandates to Mitigate Expansion

Countermeasures to mitigate the urban expansion have long been discussed by the Japanese
government and municipalities. For example, the Location Optimization Plan of Maebashi City'?, the
prefectural capital of Gunma, attempts to attract residents to DAA by reconstructing the decrepit
buildings, embarking on redevelopment businesses, and subsidizing the residence developers and rents
for students in DAA. Following these measures, we set two policies to be tested to mitigate the
residential location expansions. The first is to grant tax reductions for housing development or residential
relocation in DAA (hereafter Policy 1), which is expressed as a decrease of land price in the model; the
second is to attract urban functions from non-UFAA to UFAA (hereafter Policy 2), which is expressed

as a move of the number of tertiary-sector employees between areas.
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The rationale behind Policy 1 is to attempt to re-balance the transport and housing cost trade-off in
the residential location choice to mitigate the negative effects of increasing accessibility in suburban
areas. The tax reductions are reflected directly in the change of the land price, and will have no impact
on the short-term choices, given that no long-term effect on short-term choices was assumed in this study.
We set a 10% decrease in land price in DAA, because it turned out to be the level that could obtain
similar performance to the Base Scenario for Scenario 1. So, at least for Scenario 1, this specific value
could be interpreted as the effective level to offset the expansion effect. We also consider that values
higher than 10% would be less realistic to achieve, which means to attempt to offset the expansion effect
in Scenario 2 was not pursued.

The rationale behind Policy 2 is that by making UFAA more attractive, the accessibilities of DAA
which are generally spatially close to UFAA would increase. Also, reducing the employees in the non-
UFAA would make these areas enjoy fewer accessibility, thus decreasing people’s willingness to move
there. Under Policy 2, the number of tertiary sector employees in UFAA is expanded by 30% from its
original value. Then the number of tertiary-sector employees in non-UFAA is reduced proportionally by
the weight of their respective number of tertiary-sector employees to compensate for the increases in
UFAA. The value of 30% is proposed simply because it is the extreme value that could be imagined by
imposing such a policy mandate.

Policy 2 is expected to impact the whole system in a relatively more complex way than Policy 1. First,
the number of employees is one of the independent variables in the tour destination models of the short-
term DAS model®, hence re-running the short-term simulation is required; Second, the number of
employees also impacts the independent variables of tour-based logsums in the land price model, hence
the updates in land price is required. Short-term simulations were therefore re-run for Policy 2, but the

details are omitted for conciseness.

3.7 Simulation Results Under Policy Mandates

The simulation results of the AV scenarios under the two policies along with the results under no
policy are shown in Table 3.6.

As just argued, the simulation results suggest that granting tax reduction can significantly alleviate
the residence expansion. For Scenario 1 where the characteristics of PAVs are assumed relatively
conservative, the three indicators are found to be able to achieve even better levels than what was

observed in Base Scenario.
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For the other three AV scenarios with more optimistic AV assumptions, all the metrics under Policy
1 are found to improve compared to the no-policy case. For example, the median value of network
distance to the nearest DAA dropped from a 5.7% increase to a 1.7% increase in Scenario 2. The ratio
of households residing in DAA in all the scenarios except Scenario 4 is equal to or better than Base
Scenario (36.8% as shown in Table 3.5). This suggests that people tend to relocate to the edge (compared
to Base Scenario) of DAA to enjoy the benefits from both PAV and Policy 1. Therefore, the designation
of the policy target area, from the results, should merit more attention in the sense of policy making.
Opverall, it can be summarized that providing a subsidy on the land price or its equivalents could be
effective to mitigate urban expansions, although leaving aside the discussion of the financial resources

required for subsidization.

Table 3.6 Simulation Results Summary Under Policy Mandates

Scenario 1 Scenario 2
Evaluation Value Value
indicators (% change against Base) (% change against Base)

No policy Policy 1 Policy 2 No policy Policy 1 Policy 2
Median value of
network distance 1,363 1,296 1,398 1,401 1,348 1,430
to the closest DAA  (+2.8%) (-2.3%) (+5.4%) (+5.7%) (+1.7%) (+7.8%)
(m)
Median value of
network distance 2,571 2,477 2,662 2,685 2,562 2,739
to the closest (+2.6%) (-1.2%) (+6.2%) +7.1%) (+2.2%) (+9.3%)
UFAA (m)
Ratio of
households 34.5% 38.3% 34.6% 33.1% 36.8% 32.9%
residing in DAA

Scenario 3 Scenario 4

Value Value

(% change against Base) (% change against Base)

No policy Policy 1 Policy 2 No policy Policy 1 Policy 2

Median value of

network distance 1,399 1,351 1,392 1,435 1,387 1,428
to the closest DAA  (+5.5%) (+1.9%) (+5.0%) (+8.2%) (+4.6%) +7.7%)
(m)

Median value of

network distance 2,700 2,578 2,650 2,762 2,679 2,734
to the closest +7.7%) (+2.8%) (+5.7%) (+10.2%) (+6.9%) (+9.1%)
UFAA (m)

Ratio of

households 34.3% 37.7% 34.6% 32.8% 36.4% 33.0%
residing in DAA
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For the results under Policy 2, the evaluation indicators are unexpectedly found to deteriorate in
Scenarios 1 and 2 compared to the results without any policy imposed. The results in Scenarios 3 and 4
improved compared to the results under no policy but to a fewer extent than Policy 1.

To investigate, the distribution of shares of the distance to the nearest DAA and UFAA under Policy
2 are shown in Figures 3.5 and 3.6, respectively. By comparing these figures with Figures 3.3 and 3.4,
two speculations are presented in the following to explain the results.

First, despite that the distributions regarding distance to the nearest UFAA do not show substantial
changes (Figures 3.3 and 3.5), we can identify some differences in, for example, the shares of distance
longer than 1km but no more than 2km, the results of Scenarios 1 and 2 under Policy 2 decreased slightly
compared to the no-policy case, while the shares of distance longer than 3km but no more than 6km, the
results yet increased. These suggest that the road network level of service around UFAA decreased
(because of the aggregation of employees) hence has reduced the accessibility and the willingness to
relocate there. This is, however, not the case for Scenarios 3 and 4, where road capacity benefits of AVs
should offset the negative effects.

Second, in general for all AV scenarios, the decrease in the number of employee level in the non-
UFAA to some extent increase the chance to move there as the number of employees is a parameter
with a negative coefficient in the residential location choice model; this reasoning also applies to
decreased land price through the re-calculation of the land price model where the tour-based logsum
variables are reduced with fewer employees for non-UFAA.

In summary, Policy 2 of attracting tertiary-sector employees seems to be not as effective as Policy 1,
as its effects on both transport and land use could lead to a complex changing pattern from the models
adopted. Nevertheless, the results of Scenarios 3 and 4 do have slight improvements compared to no
policy imposed. This is instructive in that road capacity benefit, one of the main characteristics of AVs,

can be significant in future policy making.

3.8 Conclusion, Limitation and Future Work

This study made use of integrated model system to simulate and discuss AV impacts on residential
location distribution assuming the PAV prevalence in Gunma Prefecture, a Japanese car-dependent
regional area. Evaluation indicators such as the median network distance to the closest urban centers
and the ratio of households residing in urban centers are included. The connection between the short-

and long-term models is ABA, which has not been applied much in the existing literature.
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Simulation results of AV scenarios reported moving trends away from the central areas. While two
policy mandates were tested as attempts to mitigate the moving trends. The results suggest that Policy 1
of granting tax reduction for housing development (reducing the land prices) in the central areas can be
effective for all the AV scenarios, compared to the no policy case. A 10% decrease in land price would
make the indicators of Scenario 1 as good as the Base Scenario. This is not the case for Policy 2 of
attracting urban functions (moving tertiary-sector employees) to the central areas, the results show even
enlarged moving trends in Scenario 1 and 2 but slight improvements in Scenarios 3 and 4.

This work is subjected to some limitations. First, we have not discussed in this article about the
feasibility of the policies presented and evaluated in Sections 3.6 and 3.7. In particular, the financial
resources for Policy 1 and specific measures to implement Policy 2 would be major factors that constrain
feasibility and need to be considered.

Secondly, it is highly possible that households which currently own more than one HV would reduce
the ownership and share the smaller number of PAV(s) within the household. However, this study does
not adequately address the choices regarding PAV ownership and PAV use within a household.
Modeling and incorporating such decision-making into the whole model system would make the
analyses more consistent and persuasive.

Thirdly, there is a large room for improvement in the land use model part. For example, aspects such
as job location choice, land development choice of housing or other facilities and bidding in the
household transaction would be better to incorporate to acquire more realistic forecasting in the long-
term. It is also desirable to incorporate a model to describe the transition of life stage of a household in

the long-term and a model to reflect the heterogeneity in the probability of displacement occurrence.
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