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CHAPTER 1

| NTRODUCTI ON

1.-The Purpose of the Study

Japan i s Adiead iaogsuntEraystt o cross the threshold
(Matanl), Ja2pan exptivewncdadby Hhomt from 1947 1t
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(@)

owed by a second baby boom frbasld®aidl ed 1
total fertility rat®l d5Lt h@o werprurhertti osnt a tei
cate that Japandés popul ation peaked in 20
e begun to experni emce amenvapi decdacliinne eaxor
nese government has | aunched several majo
media and the public have al so e xHorweesvsee d

cussions on how t o matnraugcet,u roep etrhaate fawunldf inlas

nstruction, supports high economic growth

ulation in a society with a declining popu

S
i
r

udy 1is aimed at undertaki pgp alcahoaapfnéi etcattsi v
astructure planni-chgv evli d hmernTtthdnls ssa auninldytr ya.s & s
owi ng r elevadiednogu ap taifofnefcac tionrfsrastructur e
nati onal l evel s in Japan? To answer this

tions are designed: (1) How can infrastru
onal degeg? aph) cWkhtancan ot her countries
n from Jalphaendfsr aesxgpreurciteunrcee lef i ned i n this

i-md koenr s of infrastructure facility constr uc
artments but alaswomdischalder $s nen ipapuloati on |

n
t

advise on the i mplementation of infrastru

ges in population size and structure inev
ainabl e devedmgp metns| ooff o a dhhtay iIsotcured yon t he

ognized as <critical to ensure the quality

t
t
[
[
[

emporary times (Allen, 2013). I nfrastruct
ems thangehowubkdquantity and quality of pr
al emnvfirraosntmeunctt.ur e pl anning should be prov
onal popul ation setti ngst,i ocnoanl s eugsuee notfl ys oacci
des allowing us to expound on and facilit

i-md koenr s address the effects of Jatphaen 6sst uckya
di ngs arpeoteelnsta allilkye laypptloy t o ot her nations



l1.-Demographic Change in Japan and I ts Regiona
1. 2Ddpopul ation

The popul ation of Japan has Reesmhormaci @easi( Mgi ¢
Popul ation increased 3.6 times fromM3%® BOLIio
The history of modernisation iwmth.apTlame i X0 talH soo
was also the o6century of population growtho f
|l omgrm decline in the 21st century after peak
i ncrease i n the nmwencherascf ide athkels hagrmbldrnh.eo fAclkrion
to the median birththeand nd ¥HLII esynitrhéense s i publki
and Social SecuritytRespepapuwlhat(il®PiBsS9gf ihapam awmi, |
2048 and 86.74 million in 2060. This change i
which suggests thatt hliarpda no fwiiltls |poospeu |aabtoiuctn oinne

FigurleTrends in Popul ait2 060 )o f( Wnipta:n (01,9000

10,000

8,000

6,000

4,000

2,000
Q&

N Y9 0 M 0 H D &
‘)‘9‘0‘0"\’\%%%% N oy AV iV e & <':|
%@q&xwgﬁww%,@,@,&ﬁ@@,@@%@

14,000

H0-14 MW15-64 W65+
12,000

"‘v"‘p

Sources: Popul ati on-2P665¢,2Q0IlRASf or Japan: 2016

Popul ation decline has practically normalised
of stahal |l ed t hree Lmegarotpiodultarnl yartelaes f our pref e

'!Three metropolitan areas: Tokyo Area (Tokyo, Chil

Nara and Hyogo) and NagoWa-mAteapOMi eanAlckia: a®d h
city areas.
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to increase, the popul atmeotnr apno Iniutmeenr oaurse gosr ecf cer
since ar olun&80dg.heMamyd of these prefectures al st
from 1955 to 1970 when highpegowhatmi en gdealtihne
ti me was mainly popuKandwonad®d@5) .owlTH{e@grmataur al

the number of Dbirths falls below the number o
change. Popeltaheowmnbedeame an inevitable phenom
According to O6Japan6s regional population for
| PSS on future trends in demographi¢ experben
popul ation decline wil/ continue to increase

experience poedlwetecino 0dédc lainmMeazv@2 Pr edeclt wdieng v
and the popul ation i n20@&k0 naamwda 2POr2e5f ewcitlulr ea |bseot w

another way, the total popul ation i s expected
tot al popul ation in 2040 is also estimated to
of popul ation decline also | argely varies fron
expected to decrease by 13.4% from 2005 to 20
that will decrease by 20% ot smpoeul B@%omoi 30 %
18, 23 and 4 prefectures, respectively.

1. 2F&rtility decline

The main cause of Japan becoming a depopul ati

fertility | evel (Il'shbirtBO1IBh. J&paeanawansahppum
the first babyl9%409)m apnedr iaobdo u(tl1924.71 mi I I i on i n t
(19w7A74), but it fell below 2 million in 1975
bel ow 1.im nmio9l8l4di,omnd it has gradually declined
decreasing trend. The number of births in 201

1,003,539 in the previous year

Total fertility rratneg (tThFeR)f iwasst obvaebry 4b.o3omduper i
1950. Afterwards, it remained on the 2.1 | eve
decreased again after falling below 2.0 in 19
1.26, the | owest record ever. Il n recent years
2015, it was 1.45, 0.03 points higher than th
nati onwide in 2015 was 1. 4%felduturamorex ctelea ed?
12 prefectures fell below this | evel. Moreove
|l evel . Theprmraftect wrfegnoist t he Kansai region ar ¢
addition,thdepMéEfRsctodres in the Chubu, Chugok
hi gher than the national average | evel. Among

(1.96), followed by Shimane Prefectured(1.78)
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by HokkaiMioC (210.151)). (

Fi gurieNulmbzr of Births, TFR-284A& NRR in J

3000000 5
\ 4.5
2500000
4
El Number of Births —TFR —NRR .
2000000 '
3
1500000 \\ 2.5
\\
“-.___-' \‘ 2
I~ =
1000000 TH
.-‘h!\_- L1 1.5
1
500000
0.5
0 0

1947
1949
1951
1953
1955
195%
1959
1961
1963
1965
1967
1969
1971
1973
1975
1977
1979
1981
1983
1985
1987
1989
1991
1993
1995
1997
1999

2001
2003
2005
2007
2009
2011
2013
2015
2017

Sources: Declining Birthrate White Paper (2017),

Asigni ficant indicator of demographic evaluat
guantity refers to as the anticipated number
course of her I ife. Notabliy,abNRR iinsdiconsoird ewhee

TFR.his is attributed to the fact t hat t he TEFR
di stortion (Kohl erl,f Btihd aNRR & adruee gsat,a 2ds0 2at. ]

newborn female child is |ikely to produce one
case shetwatso saubgjieven perioddés fertiliTlyus ates
in the | ong run, the population wil!/l not incr
replacement | evel. The value of 616 is an i mp
i ncdidt es an increasing population, and that | e:c

1.2 shows the NRR in Japan from 1950 to 2015.
the end of 20th century,bdathee eNFrRRL 9 N5 Jampd n2 0 leSn
insufficient to replace the previous generati
l ow fertility | evel in Japan from another per

2l n 1966, the TFR was showing a shar-pmar g¥oirrséen 0J a

The superstition is that "girls borkiih theifihes
the future." Thus, it seems that many couples avo
hor se.
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1. 2Adeing

addition to declining fertility, ageing 1is
pul ation decline occurs due toAltthrRrowmgmbemhe o
crease in the number of bntrhhrsattan ibte exlpy a
e factors of depopulation. Another factor t
cline in the future is the significant incr
mber of tph@&hel pepubpédpdapan began to age due
mber of Dbirths and the increasean¥osthhieda,i fe
08a). The percentage of poppdmuli aotni ;arg,e dwibisc |
dicator of ageing, was only 4.9% in 1950, b

N S S a—~+ a g —
5 OcCc ©c ® > ® O S

Ageing in several developed Western countries
century, but Japgahnaagesi ntgh ec opuonptlrtya stioodeaayd gaesi ng i
advanced MWAW2i.dIAgcatdemng to the Popwl0a&bthi on Pr o
conducted by the I PSS, the percentage of popu

wi¢odntinue to rise in the future and wil/l rea
declines from 2042 onwards, this percentage i
decreasing. The percentage will lreeaacrh ageidng is
wherein 1 in about 2.6 Japanese nationals 1is

Figuriegd alp.alhdos Ageing Population (Unit

4500 45

4000 : 40
Bl The 65-and-older population

3500 35
—The 65-and-older age group’s share of
3000 - 30
the total population
2500 25
2000 20
1500 15
1000 10
500 I I
I 0
5

O o D A D D o,o;@q,
N N O L ]
0@@@@@«9,@@@¢ N

[ %]

Sources: Annhbhel ARepoagt Soniety (2017), Cabinet Off
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Il n terms of regi onAme tmoospto | pirteafne catrueraess tihna tn oenx p €
popul ation decline already had amgeaggengsar 204

highest in Akita Prefecture (33.8%) and | owes
in all prefectures in the future. The ageing
Prefecture (43.8%) andurtene( 30.wWEk%)t. iGo nOskii dhearwan ¢
three major metropolitan areas, the ageing ra

25.9% in 2015 to 36.5% in 2040 and rose 11.1
during thke (slafmS,pe20b5). Thus, Japands ageing
increase, including metropolitan areas in the

1.-8ilow Changing Demographics Can Influence Soc

Rapid depopulation, declining birth rate and
such as the economy, |l ocal societal devel opme
depopul ation, ageing amdiapalki ef ygchinr ble dare
due the reduction of the working age popul ati
increases due to population ageing, the savin
wi t hdr awicnogmpsaarveidngwsi t h t he age group that save
can be negatively affected by the reduction o

accumul ati on. I n addition, due t onthe itrheer 4 g
popul ation, there is a concern that the socia
care would increase.

On the other hand, the changes in popul ation
demand ofmfpuwalsltiracture services in society. On
ageing has been amehirewed imainnlay eiars mson f ar, it
progress rapidly in metropolitaneapeas t hathe
be changes in the demand for a funméetoapofi ta
areas, as an increased number of elderly peop
mi ght r eimet nompodmeas. Such demographic change:
infrastructure planning and also put forward

pension systems.

I n addition, in t-mettowaobi aadraonéapegophennemp
community activities would continue to declin
popul ation in coming years. Such changes in t
securing persowoarnelanfdrl omegditcearlm care and it wc
necessary services, which would be a serious
residentsd |lives in these | ocal C O NMmnout n iotpitei smi s

For exampl e, in Tokymi grwahteiren ttes jrsetnmaérikealba ke ti
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nges, such as dealing with the relation
f el der |l y c aproep usleartviiocne sc. o nMoernetorvaetri, o nt hien
ing birth rate in Japan due to the seve

rs have conduonetdheonsidérabkéipeséapobh
security system, financi al situati on,

ns i datphheecents®aindadyh i(dvaa,t s2udndédoan, d 00,g a2nda0 5
the empirical studies that have anal ys
and the devel opment of public faciliti
hesis attempts to address this academic

befructure Matters?

rd "infrastructure”" i s a compound word
tion and "structura" meBHakagus taPdctlum e
to explain what infrastructure is, an a
tructure into severTad islulbussettrsa taen,d idte fiisn
tions are divitdednintbetthettokl omanhegrip
uti onbat enifalsiniurcastceaulclteudr et arnegfiebrise ttoh i
water sapptybandssewamhges and structu
ing education, qualifications, etc. tha
for mgluacamg tereaipmtoxedures, etc. that are
2007). Material infrastructure I s some
tructure, to clarify contcrhanstcawi timfperss
classified asegaoviortk ii mffrrasttmrwacttwre // m
2007). I n this study, discussions are

sear ch subsjeelcetcst eodf atchciosr dsitnugd yt oartehe c | a
l in 1967 for regional infrastructure s
ope of infrastructure is mainlyufecased
ci al nature of the service provided awa
tistical constraints and data availabil
types of isndopestfractguantwi t &t nve hasal ys
ed areeltdeird ystciadye facilities, primary sc
ed because the pros and conseoflitkhesbkyf
triple demographic challenge that Japa
r details of these infrastructure are p
i's metdqpalci farecalalpplt @edcertain types of |
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Tabl eSdofdlenf ofast Byusctteumse

Category Examples
Education Schools
Housing Public housing, Dwellings

Solid waste management,
Urban parks, Hospitals.
Life Support Social care facilities,
Natural parks,
Educational facilities

Drinking water supply,

Industrial water supply.

Public Utilities Waste water management,
Electricity supply,
Gas supply, Heat supply
Railways,
Transport Underground systems,

Light-rail transit, Ports,

Airports, Buses

Road Roads, streets

Anti-flood afforestation,
Disaster Management Coastal management,
Flood control,

Landslide prevention

Administrative Public | Administrative public

Office Buildings office buildings

Sources: CRODTeB@bAf7* Ue @0rLat

Before discussing infrastructure devel opment

this section outlines the present circumstanc
Japan. Japands publ i c eilryf rdesterl wptedr ewi t ahs thhee m
same | evel as those of developed countries 1in
countries in Europe and the United States whe
infrastraotbae pnogapssed within a relatively
1955. Public infrastructarrccunwh sl ¥55,stwhindhe nbsd ¢

recovery era after the end of WW2, wuntil the

Games was held in 1964. During this period, r
water puriwagetioeatmdnsepl ants, public renta
structures were developed in three major metr
response to rapid urbanisation. Pl aes to | ink
established, even after the period of high ec

devel opment plan was also i mplemented from 19
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as an economic measure in the 1r99asse d Tthhee Jamaml
investment wuntil the 2000s and has expanded d
net wor ks. During this period, especially in t

(The 21st Century Phplic Policy Institute, 20

The expansion of these public infrastructures
soeicoonomi ¢ dAefvted opWWwWht .t he total population o
exceeded 100 millioffrfoonrr 1O4& ftior 4199 6t5i, meé hient b®
from approximately 72 to 99 million or by app
addition, total popul ation increased by 22% (
during this period, public infrastructure was
amount and scale, and t herdcamaerdd wharc hp wmhblsioa bse
public infrastructure supply. I n addition, an
to the demand of rapid increments in popul ati

with ecomndmic grow

Since 2008, Japan has been facing a decline i
al ongside a decel erTahtei odre mam de cfoorro miecc eg rva witgh .s e
infrastructures that the government initially
demand). In addition, on the one hand, as a r
i nfrruacsttur e t hat was iIintensively developed duri
this trend Iis expected to continue in the fut

updated iIis expected to redcsh (aape &k 1b&t)we Vo r te
infrastructure devel opmentr owpad |Idarnr iag e acsu tt hlaa
metropolitan areas. Thus, most infrastructure
since the 1990sblaclanfeastmbetunoe puojects w
stimulus measures. Hence, even when the peak
renewal demand i s expecmetdr d o lciothan nauree aso. occ

On the ottlern hlepand,t adi popul ati on of Japan will
next 30 yemrsifl PsPu2@iion density is diluted

sprawled urban areas, then concentrating and
decline wil!/ be difficult. Thi sgesnetnuatainan iwivle
on public infrastructur e-srcean esvda If iwialnlc ibad diisfg
l'iving convenience for citizens will suffer.

expected servicesraindeacmayl oec w i diedla maicaleas
circumstances become weaker due to shrinking
popul ation can be expected due to the decline
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Tabl eTHe 2Percentage of the Public Infrastruct
Construction in Japan
Type Percent age
20009 2019 2029
Roads 8 % 25 % 51 %
River
Manage mg 11% 25% 51%
Facil i

Wast ewa

Manage mg 3% 7% 22 %

Facil i

Quay Wa 5% 19% 4 8 %
Sources: Ushijima, 2013, P41.

FigurieThle. £sti mated Maintenance and Repl aceme!

Japan (Trillion JPY)
6.0
50 —FEstimated
' Maintenance Costs
4.0 —FEstimated

Replacement Costs

3.0

2.0

1.0

0.0
LY 00 — = M~ O M W O w0 g~ O M WO N W
W D M~ M~ ™ 0 Q0 0 00 O O O QO O O «— = <« = 0 ™
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Sources: White Paper on Landinl dépast (i
I nfrastructure, Transport and Touri sm.

06)y e, MTna

To address this concern, a number of | ocal go
urban areas, enhancing public trhasparéeasi onh
aiming to -aehiedecbmpastd city in the near fut
i mpl emented policies in |Iine with these direc

comprehensi ve pubalgiecmeinntf rpd satnr,u crtewriesimmagn t he Ur
Measures Law and establishing a site planning
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201Al)t hough | ocal governments are committed t
nat-wobe renewal and update of infrastructur e,
of such reform since the specific means neede
di fferent areas deeomomidc f & ecd ectioenedsigtiiagnsso.c i o

|l nfrastructure planning is influenced by vari
change of strategyrafngresf umd tgrcdhwniodiogry.afddec ex
factors complicates the discussion on the rel
infrastructure i mprovement. Therefore, beside
the innehirpelleéti ween i nfrastructure devel opmen
di scussion.

1.-Popul ation Dynamics in Planning for Infrast
I nfrastructure I s a component of sociqeatay,i taynd
of its services should be changed in |ine wit
infrastructure requires artificial management

to take appropriate imadsaur eeso wihlel iwnsfhrears ta uccrtiu
the United States adMai her hRO98QPH0isf (&hoianfker as

|l onger used is neglected may adversely affect
On sateface, the declining popul ation seems to
and easing the burden of infrastructure manag
The removal of mpnéacams@e bicrefurreestirsuct ure i s dest
artificially reconstructed if the possibility
then infrastructure cannot be removed easily
even in an era of popul ation decline, infrast
|l ocal / regional popul ation change.

1.-€ontributions and Thesis Structure

Awar e of-memeé i @amewde pr obl em, stuhbisst asntt u dvye fi oncpuascet s
demographic change on infrastructure planning
how to maintain infrastructure (including adj
sustainabl e devel apmleni nk innGnhee oppousinsai Ebixi ben oafe a s o n
making appropriate infrastructure planning ac
promote the regional devel opment via obtainin

SDuring #1W&g 0k960Q@$he public facilities in the US ar
dueheoi mbal anced capabhWdl tierrv,esiton8lin)t. ( Choat e



t h
de

Wh
p o

p |
i

us
v el

il e
pul
ann
mi t

Cc

i mpa
Part.

on

p |
n u
st
pr
t o

i n
t h
ac
an
t o
p o
an

Th
p o
ce
[
ed
co
h o

po

To
sScC
ac
co

go

i
h
targe
n

t

an

q
f
e i
ces
aly

19

get dievio"epopul ation dividendd; this refe
opment of thd Mad ®BldEER, ccdnBlared | 2@Qi2et vy

there is plenty of information about th
ation growth, there is a dearth of infor
i ng wintdhuisn r al ayp oasdtald ite toyn., t hédi pravieaudsast i
ed in method and scope. This study is on
t of changes in demographic size and str
cularly, theinmnadgytshes frngactesofondiefxfaenr e nt
e planning of different types of infrast
ted, and based on the analysis rebhalts,

ing of certain infrastructure in depopul
r of ageing infrastructure in Japan that
i's an objectiesenscompeebensenvefiandntim
ems unique to Japanese society. Overall,
(I relevant gaps but also presents a pos

ntitative analysis of the impact of popu
structure facilities at different geogr a
mpact of popul at i oenl dcehralnyg ecsa roen ftahcei |aictcieess
sibility of primary schools in Nagano Ci
sed. This study selected three types of

ti mpeoe t ant aspects ofialep aargds dpeacdulnatnigoriah

pul
aly

a
mi t
uca
adi
us i

pul

be
hoo
ces
mmu
ver

ation decline. By conducting targeted an
sis results and diesdounsmsf rtahsgelriaumpta aitg . of po

n why this study chooses Sendai City

ation composition and socioeconomic back
a
t

in facilitiespranmddeheebraknsesfpopesotl bher
i ng he analysis dimension at the city (
tion resources are geographically intens
ve to obtaining more accurate results. T
ng demand to the whole country (national
ation changes, and to conductchegionoatl a
more specific, the analysis juniCbaphegh
| adi dthrei trd mary unit to analyse and asse
sibility efaaedderimacgrectenVvysceThese di
ting to junior high schools but are al so
nment ' 6Niusthiamo pah dMo® nreorvie,rt,@ GhIngs)Clsta pdy use
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nati onwi de datagiaomalmakempamuibsons to ascertai

on housing demand. To summarise, by perfor min
infrastructure faci lairteiaess, itnhidsi fsfteuideye csognedougctt as
systematic investigation of the impact of pop
The thesis is structured as foll ows.

Chapter 1 Bnmrobac&grbobbhed and structure of th

Chapter 2 is a |literature review summari sing
This chapter i1identifies the gaps in the |iter
| ogical progression ofatihosssofudyhi §hetutdgpoae
Chapter 3 describes the mrniepcifpload i mmfg tclad cdirmae
met hhoidx,eelcted fimoxded ,effects model and random ef
model s applited iivre tamel ywa st ichapters i n order
obtaining the advantages of each data set.

Chapter 4 describes the data sets used for th
|l imitations. Then, the operationalisation of
provided.

Chapter 5 delineates the overall pefsapaefctuvtu
devel opment in Japan. This chapter is designe
knowl edge for the empirical analysis in the s
Chapter 6, 7 and 8 are the main chaptaemnges Eac
on the planning of different types of infrast
model s.

Chapter 6 explores the spatial fairness of th
accessibil%$drydainalChygsyisnpafoved gravity model i S
accedi lity from demographic and spati al persp
using ArcGl S, the model identifies areas with
Chapter 7 examines the spatial distribution ¢c

education res@GurycedhienaNay¢gsos adopts the 2SF
function of ArcGI S. By examilnidng ttrh ée uad oes §iah
service area coverage efficiencggobnalri mavegl e
anal ysed quantitatively.
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Chapter 8 analyses the i mpact of population ¢
di fferences in this Iimpa&Kaanaoe &nakysRhumadwiChiub
mi xed model, fixed éfleettss muadee¢!| aaerdapphdemnh e

i mpacts of vawviaoiss mthermogirsamigpi demand are deter

Chapterss®sditsicecu main findings of this study ag

clarify the contributions to the knowledge. S
pl anning in the depopul ated ar easchodp tdearp acno macr |
by considering the extent to which the findin
Asian countries, such as China and South Kore

experience similar demogfaphre.ckRangéesyjinthhe
further research are i dentified.
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CHAPTER 2

LI TERATURE REVI EW

2.-1ntroducti on

As
SO

of
s h
Ja
de
Wi
t h
s k
co
t h
de
Th
pe
an

Se
di

i mpl i

en
SO
fi
t h
pu

di scussed in Chapter 1, discussions on how
ciety with demographic shrinkage have been
terature brings tomgtetrhege asroanee 0 font hien fmroasdt rri
demographic change. The review also confir
ws its |l ogical progression from an academi
an i so eixnpcelcutdeed at decl ine in domestic popul &
el opment of popul ation densities and a cha
I be accompanied by a change in demand for
oretical l i nks between population change a
tchy, partly because most academic studies
ntries (for instance, g hkketUse am dd é&Gma graapyhi. ¢
i mprovement of public infrastructure has
mographic transition, which implies that so
erefore, furthetrheesnepicrhiacnagli negv irdeel nactei oonns hi ps
rspective, I conduct a |iterature review in
alysis in following chapters.

- < T O

® < O O
—

cti
scu

n 2.2 broadly introduces otnhbemyi napnadc ts oocfi e
sing its impact on -2nfBr a@stscwuscstsunresglaamm
ations of population change on the i mpr
nment al and ectnonmrmilatedr spedtieses n Mhe
ciety have focused on the relation between
nancial situation, the industrial structure
ahave analysed the interrelationship betwee
blic infrastructure are extremely scarce 1in
ntioned in these secti @&mesr arreev ibeansiendg otnh eWeisnp
pulation change on facility planning, secti

vir

o O uw o

e models used in the analysis chapters. 1In
cation theioriyt andheacrcysas its theoretical f
w this study developSetthieer 2Zheopriesi dast e
pands experience in infrastructure spending
rspective. Finally, Section 2.8 summari ses
adeanpi ci ng this topic. A discussion is also pr
terature (academic contribution).
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2.-DPepopul ation I mpacts

Thiempact of popul ation decline on the economy
stiueds, the i mpact of depopulation can be f ounc
fiscal deficit), regional devel opment, savings
security and infrastructure planning.

As knowlnenfroomgpmi c di vidend theory, changes in t
greatly impact the maciiMThecomaecmpeCBh@omcet mapla.c
terms of both Oupphg demande mainde, popul ati on

consumers, negatively iIimpatcéi ocogahdhe mactbecpao
structure due to the declining bicthomatdéeand
macroeconomy: a positive impact due to an inc
for the el derly and a negative I mpactOndudeto

supply side, howemiesm a@rpd i mixed ameag gpredisng t he
popul ation, such as technol ogi cal progress, ¢
i mpr ov e me na nigakkyaohgaoskhui , 2008) . However, when fc
bet ween pepulgatoiwdm giaz e and per capita econon
effect on economic growth, and even i f demogr
technol ogi cal progress rates are chaeamgedapiot &
economic growth rate and savings rate do not

Besialexc,rease i-agé hpowpwl &i ngn direc{Kyommpgact s

Takahashi, 2008) raglen pJoappua na,t itohne iwso rdkeocpl gilnaitnigo nc
declines. Even i f t he -argeet iproepnuelnatt itoanr giest eoxft etnhc
wor kagnegg popul ation in 2030 wil/l be small er t h:
foreign | abour force c aanpnaont, bnee aesxupreecst e dn ef xi ceel so
popul ation are necessary, such as overseas tr
productivity through techmaoAlogmicaet i alnovadldn
Moreover, the i mpact on public finances and s
related to Madhoecgraomi ¢o. fi nanci al i mpact, a
to lead to a decr &peeifnclhdotygl Karnekeveéades)

bet ween popul ation changes and changes in pre
and profpromy2@ @& to 2003, and a strong correl
popul ation changes has been confirmed. Addit:.
and Communicationso6 2012 report, hat -tchree 2001

the |l ocal tax is the inhabitant tax, the | oca

future popul ation decline.
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the | mpaptul art i ©oc idaelc | 3 encetuarriah ywyeesl f naer d
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t hat pop
faci Mot e
and Degu
reducti o
(Uemur a,
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us
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a
0
h
t
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2.
fromasloc envi

ation declin

ctively.
ut t hat

medi cal expenses have-tiemrowr eas

stem t hat startedenef2060 Dl

l' y caused by ageing and not
teachl i en ewsh, e ns itnhcee ptohpeu |aastsioocn adt €

mwop kli atgi on .

on consumption, basic expend
ve expenddictaoren()care Wi ascelss
rgely i mpacted due to change
e, but the different outl ook
bhi, 2008). As thestpagpal afti on
e, the elderly are generally
However, at the same& thiame be
such an incarceaeaseidn i avresd mein

ashi (2008) argued that in general,

y to con
on and i

her hand
recsa ahad

n size,
'y, res
I mpact s
tions.

Perspect

studi es

stme, rt tonaautmpdli oinndérseds eniitre
nvest ment are expected to st

, the impact of popul ation d
demoms sr ared that the I mpac
the rate at which these chan

earch has been domd ,fraommd t he
on regional development. The
i ves

have suggested that depopul a

ral i rrigation in Japan (Furuyama, 2
, laOmt® ks hi Ma)t,§ 2an@dBnkE? os &er maains ¢ 281040 ¢
| ation decline affects the number of
ger, previous studies have focused o
hi, 2006), the deterioration of safe
i n maintenathacp, |2k®k4) (BSrtdhitlHe rr iamna |
2014), which result from |Ppeptli ani @n 3
5 systematically examine the variou

perspectives, whi

ronment al @Qahlelexomtomalc. pe2@@=)xtpn

ch set a framewor k for t he a
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sustainable devel opment concept. This framewo
infrastructuresaodalt heeswuirrouonmenngl and econo
and spati al horizons.

The soci al i mpact of popul ation decline on in

convenienceVaando usse csterrivtiyc.ces anddinnfthas trr Wat urye
built based on clTehret aieng up opeudl gotoipoun astiizoen. si ze v

secgiand i nWhersta umdpuleati on decline occurs af
mai ntain services and infrastructure decrease
faciTheresis a risk of i nconvemiocentcaei ninngdap u byl
services required by Il ocal residents.

Regarding the deQhatntee rijne ec oannvde nMaehnntcoeo,d (202 2)
based on the rapidly growing demographic chan
decadetha social sitwuation with suboptimal | e
and poor management of public initiatives. Th
infrastructure and O6soft 6 saolc ibaell hignforfa sotlrduecrt uf
Using the WHO f famewadrlky dbfuidn aegevi ronment, th
community public service needs and gaps in th
providing a bastessboeratusereieéssfabpb200d4derapd
(2007) found that habitability disperses due
in traffic demand, profitability ofntaddbBpbDoh
aggregation of shops and administrative facil
movement than that beforanidae, pPPOFpkkohamoecG

and Vinod et al. iHat0t22moadks&ul &ntee Otklaenuoc @av er age
the JDdbpurby adding parameters such as popul
infrastructure, etc. The results show that th
2019 is td mgpiectcauurse ongestion. The analytic
the usability and reliability of the WebApp B
future installations of mobile towers.

Buhr (2007) and Taircdaanhy®&5) ni mpoipaudtagd otnha ens
the strédetdumetwomk i n road capacity and additi
Al so, in order to save costs, roadside ban on
pedestrian overpass have alreadwynnYaptpiechaee,d 2 H0 &
Simi Uampl,y Kitazume(2®iado Mclamdedtt mat decommi ssi

reduce the total cost of maintenance by reduc
pl oughing of the road surface. Demol ition of
service ¢thelasvgrary bageccoll ection and street cl

be decommi ssioned is difficult, since the red
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establishments may negatively 1 mpaa tc iptryodose ratdyj
areas should also be retained. Clearly, ident
a chall enging gnStcjhenvatr z(, HR2OromMbh e e k

Jibrin Isah (2021) uses population size and t
infrastructure and examines the efficiency of
Nigeria. The @puadbllysi prfionmauyescdhmol s and pri ma
Eucli dean and road network methods in ArcGI S
examine whether these facilities provide adedq
dirsitbuti on of facilities in the study area i s
services in each region. The study also ident
services. Additionall y,yshased hen stthua yr ersaudlet g e
future public facility planning in the Zuru r

On the other hand, Just (2004) found that due
congestion on schoMMolreovads ghpepdealtednad.f you

causes the abolitianMatft sew,0019 3%3)c.i Ilitt iiess & IR«
popul ation simultaneously causes ageing, but

wel fare aggndcinesa, she®s ulatgien of medi cal staff an
2005). Al so, the need tiseuekhpasdepgubht cohaciwki
nurseryiwsdhoallso increase to copeiwjtho998pr. de
Fau(rze@03cusses the impact of demographic char
sector infrastructure in urban environments i
examines t hreesipnosnisietsutoifontahle housing and water
persons during the European refugee crisis in

of socioeconomic changes and popul ati otnhadensi
guantifying popul ation movements and assessin
I n the context of the refugee crisis, making

di spl aced peopl e anarkiImega d At oc iptoocers deickies iWwars hi n
sociodemographic characteristics can hinder a
The study confirms the impact of demographic
the caoamploédxit hat | mpact.

Marumo (2020ef fuesseetss amddexledt o anal yse the i mpa:«
infrastructure I mpact operations in the Bojan
concludes that the popudattea d nt gg opmt v ihsaiso m eqfa
services. Additionally, population growth and
water services. Moreover, the rise in poverty
connecti on Thnifsr asshtorwsc ttuhraet. demogr aphi ¢ changes
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eration of different types of facilities.
ma , Machari a, and Okiro et al . (2021) wuse c
fferences in distance to the nearestlpriamar

arsely distributed regisowdawiarlanr ddgardat owpe
resources is evident, the key to providing
ciTheiessults showed that the proportion of
di cal facilities in 13 regions of the count
om 61. 1% to 96. 3% in the raimy tskaswmaed Thernr
il ding models to accurately collect data an
ao and Azi mi a (2021) wuse a multinomial | og
iving, and busitti pscessabalysg oOhegspaery
identify food desert areas. The results sh
me areas have I mproved their accessiubdiyl ity
nfirm the i mportance of wusing different ana
dicators will have an i mpact on the anal ysi
cording to the actual situation of the anal
zanne, Mr i dul , and Ahmed et al. (-2b@dd)i ana
re across Nigeria and Ctte d'lvoire. The an

ographic data n health ftaeiyl iltiives .s érhwi me s
ral, and | ess ducat ed womeanb oarrtel oant caa rdei ssaedr
ere are significant inequalities in service
ci houi dsbe i ncreased troelraetdeudc emaatveorindaal b | neo rabbi
i s study demonstrates that the relevance of

anning should be emphasized in future resea

® O

e studibsyleyl, KiPezherskiy, and Krambeck (2022)
v-i®9 pandemic, discusses methods for identif"
cess to publ i c -shoeuarl cteh cdaatea .t hTrhoeu gsha lodpyerna me v D ¢
pooling popul ation data from Facebook, tem
enStreet Map, in conjunstoiucrc ewiGtOI5 TiNlee sWmreltdvo
ols. The computational framébwoikywas medatca
cess in two pilot regions in Indonesia and
nsistent with the observed health trends in
ti mation methad eshowltd bheatiumeopmpoademi c prev
anning.

edziel ski (2021) explores how three typical
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opportunitymandosnpacai ned, affect moderly di ffe
stores in Warsaw, Poland. The study found t ha
measuring accessibility wbkbakhk &doalrgsiandg pekeaekr a
spatiotemporal metriclitiwndiscsabettadatthamaftfhe
which, in turn, indicates that traffic access
broaden the horizon of accessibility researc
i ndi c or s.

Il n addition, the iIissue of vacant houses has b
i mpact of population decline on regional secu
number of homes is increrasaqng,i metshud tnwnmgbem @
Japan. I n particular, the number of vacant ho
rent or sel/l and have no resident househol ds
houses havmeanuangdeenteindte dand di sposal policies anc
compared to vacant houses in other categories
Besides, the number of vacant stores, factory
to the shrinkage ottltoebhl aetomomi esanddi htde s
number of vacant houses increases, disaster p
| andscape and public security, collapse, and
attractiveness of the area.

Regarding this seauniKoshi danC2008bhb) Mabsused on
houses due to the declining population. They
increase in maintenance costs, it is necessar
removetwkédea underground infrastructure, the
school s andl hgegygnmn aisti umasy. happen that the diver s
po-aboli shment facility is not per miottt ebde, scerc utr
Mor eover, it may cause new problems, such as
of diverted museuamtoishi deafi Qi008@aMafTauna, 2005
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eddR2®dphas specifi eodh & edeneiemi tdee ca csri roenls:

infrastructure costs in cities with d
mainly defines the requirements for a
| yat icoorsds fcarl ciunfrastructure assume t hat
ion is absent in cities with decreasin
|l ities |l eads to high per camiara ososftThe

o compri-srebBamins @anihamcand sgbeen field d
edomi na ndteltya cihnevdo Ifvaensi | syi nhgolueses and a di
ant buil di megoind tstte nwarrb an peaortea.i nShd o
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|l e use of building stock. That i s, d
I tdse nssu ikt wr brse,sidieggt i al and i1 nfill deve
tion of vacant buildings is pursued
ioning of infrastructure. Schiller6s
egional and infrastruatuiaefplaanmniucgu

specifically in thenSpbwalrati @008¢c]

and transportation facilities are g
supply andhmewagefsybteemsanchemalpob
of the water supply and sewe,r net wo
fact, although water demand has dec
s where the |l ength of water and sewa
at occurred si m2IlotOdrnng oaudsd iyt i(ovha,t seuvneon
n decreases, it is difficult to abol
vol ume, demand for drainage of rain
weveragtisomndddlIlciame Ipogpdd to the abol i
i X plants in the water supply system
on (Moss 2003) . Besides, t,B60d4hrinka
(2007) argued that it is difficult t
popul ati on.

above, we can see that it is gener al
p@l ¥ hfeadielcil it ine 1) tpopul ataiserd, i nd mpart
,2006 5i ef8patiopically, given the redu
and costs of removing tlkessxirsttiynde
even in the context of2 0p0OP)u.l aMa roeno e
t of the existing infrastructure 1in
evitalisatoimarh.f or matching economi

ment al Perspective

dies have also come to a compl ex
ecline on infrastructure developm
| g rbeuer mdheonuss es ugcahs aesmi ssi ons and wast
mption are expected to decrease.
I |l oad in the household sector ma
an increase in the number of hous

> 3 5 S o o!
O C 9 O C

Q_I—F(nt—l-

studies examining the environment al
nly on | andscape,Jipa,l |Tuatnigo,n,a nrde sZohuarnce
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amine the i mpact of wurban popul ation change
alyses the impact of five types of infrastr
pes, busens lamddscadpwpe®lispndiocators in 78 | arge
pleirnear quantitative relationship between 1ir
udy also pointed out that <cities wiurhe mor e
vestment in space. The study reiterates the

to urban planning.

sed on Urban ResilieNaeuTlkke€oywyneURTpnadthekdu
ckne Simpson (2020) examine the mechanisms
tigate climate change and i mprove human hea
the basis for action to reduwmde atshe vichhpa et c
tegrated with the theoretical foundation by
vel oping alternatives to fossil fuel energy
i's condeptm iph alnpme migod oaf tdleobal urban popul
d ofceheuet.

il ra (2005) indicated the complex i mpact of
obl ems of hygiene ocusuer enwfiftihc itehnee grpevdauecctaitiosne
cilities |l eaves the idle and unattended | an

the | andscape can be achieved as the establis
redevel opment work aeratcieonraf izlke . ndhwsal tar
the greenness of the | andscape iIs preserved.
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coast with a hu
conclusion questioned the validity of such in
i ntegrating con

m

nhai, Wang, and Tang (2021) examine the i mp
i ency of wurban | and a&tyisdlemspi ITlhhevemaefyfse
ts of transportation infrastructure on |
data from 30 regions in China from 2003
tructane pasi i segeapaiical spillover eff
old effect shows a marginal effect on |
ement of transportation infpastraadure.

ation for sustainable development of | a
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spi
sch (2022) examines the rationality of the
ge oaocemdr ektaes ts elaawalnl Eaafrtt ehrq utahkee

crete seawalls and natur e. The

miated and | i its access to a better ecologi

Wen, Al bert, and Von Haaren (2020) wuse the 2SI
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blue i nfrastructure (UGBI) per capita i bhyHahn
these facilities for the elderly. The study f
communities, older adults were generally not
findings provide pol i cykageso mmeetnwead n orness it doe ntm

Wang, Wang, and Liu (2021) examine the spati a
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stralia) and Enschede City (Netherl ands).
ice of tdenbkpoetatgoramer I mpact on access
eover, basgddnenwdbyki s methods provide a mo
n other methods when distance t hr esyhsoilsd salas
cusses the selection of the most appropria
di fferent contexts. The results provide a
ection of indibasorefenentbe snghiybsiscsanateno

study by Hereher (2020) i s agebbemphbtaody

or mat (Gd)® osry sptuebmt i ¢ facility planning. The ¢
|l ecting the infrastructure variables, such
ice centres, shopping malls, archmaalol Sgatia
a Service. Then risk projections in the ev
tpormoene areas off the coast -Baft i @man .c oTalse adt y
thern Oman Fpsr otnhee amoesaiv deusee maomiidams dnd hi gh
ul ation, infrastructure, and services.

h respect to pollution, reduction of the p
ssions, domestic wastewater, iefneviatontnee tfailr
posal site due to decreased amount of wast
ecabrscehr ved that to ensure the efficiency of
cleaning pl angporotc cdiirst @ rheee wiarsdree da gseasn, and
ses. In the case of water supply, i f the n
reases, the total water demand incoeases.

vent contamination of water supply caused

essary to clean the pipenmauxe 2000&n .ever a@dM
wal from underground rwalteevre |d ercirseeass,e sc,a utshien c
erground part,2df08t)he Asuiflodi nde( dewsage syst

mand | eads to sediments being generated in

i
a
n

ch requires extra flushing for removal ( Hu
t prebkcémas early deterioration of the pip
tamination of the groundwater and soil aro

Regarding resource and energy use, depopul ati
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the United Nations. Moreover, t
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2 Oldu8x; 2RDadnygje.and Faust (2022) an
changes on the water supply system
study makes a cdamparaatdi we paur alt

The results confirm that pop
net work connectivity. Theref

in cities of East Germany af

to 30% due to popul ation dec

ced ovansumption by 50 %. Ewert and Prskawe
not necessarily reduce traffic

reduction i B Fresbantaenesashau

bet ween | and deamMdad pmmenratk aa n d

a comparative analysis of sp

rmerhesi mbrasineéfuceenét wor kK use

ce is also higher in the form
emoving activity in the spraw
process of uabMat swminakda,aw2adO 7

udi es have pursued btémi SFifercd.
1997) conduct eddat anud ft i 1l acel
hat the Iieapastsi ohspwpsal aeaohy

popul ation are roughly proportiona
populYathieol498N8or dmauEdamwmchds et al

moder ately i nsi genmifsisciaonnts .b aHsoiv
alternate expectations indic
result of the insensitivity t
popul ation into a substantiall

model s. Gafféeélh Boda®édiNegpseélt
They assumed that the popul a

by a f acned tolr eoev esc esn &r iacs .o
scaling up and down with pop
ageing) have direct consequen

Yeen aakdomf eagpanl@gé) ng popul ation a
energy
economies of scale, parG iNeendtar]|l vy

consumption because of the a

resenmgltgnmeheal i mpact that depopul ati on
mpr ovement

exteriority are found in al/l
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energy use. Simpl vy, not only the gfraecect otf h gpto ptuH

decline, the situation of dispersion of popul
have a great influence on the odduwrsr,enme oafdetr
di scuss the i mpadtonofona ichdalaisnirrug tmuaopuliat t he
necessary to pay attention to populian iaddidtiisar
popul atianoad $obzéhe | ocation and scale of facil

2.-Economic Perspective

The economic influence that declining popul at
Various costs are incurred to maintain infras
overall cost; pi2t)a linrctrreahsstéreudentbuypreed ecaas t he t o
smal | number ABspeophbgefhandtp®8) cost of operat
constant, a decrease in population mauynlleesasd t
the per capita burden increases.

According to prior studies, | ocal public fina
governmentso tax revenues decline owing to no
sl owdown in economic and industrial activitie
security costs caused by ct He nagicreg mammuwleareind n
exacerbate. I n the event this situation conti
being abolished or free services entailing a
the convenienag.o

Lakhotia, Lam, and Chang et al. (2021) examin
and popul ation di stfradiultiitoinesarwsinmdg may mIri aloy d:
Census Bureau and the Florida Department of T
smal |l er population distributions were | ess |
hi ghwaye near residential areas with high inc
reference for future highway budgeting and ma
factors in public facility planning.

Regar di ng t he c hdaencgree a sne eixnp etnrsaefsf,i ct hveol ume due
may reduce the road maLanhen@®aong, castd D&oet obhl
fixxddects model by using-sdateal fcinadme35 ilnarCdhe na

i mpa of population inflow and soci al i nfrastr
suggest that population inflows can affect wur
infrastructure. Specificall y,eftfheec ti nocnr euarsbea ni nv
through the increase in education fiscal expe

medi cal and health fiscal expenditure, thereb
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hgqisi rie¢c ameeacfeosii nvestigating the in
el opment .

on, Roy and Matthew (1995) suggested
ting the facilitiesnd,uesdame potpwdiadd or
cl ai m. Reg-badedgfaembval esf abuekrdcog
rease from the viewpoint of maintain
circambshndas gMA@BayuynoThe maintenan
a | arge popul ation, does notamdkcessa
1999). The fiscal deficit expands du
n of bus services by private busines
crease in maintenancanldost 20@7)X.i mBh:
ce and managembat edx pteulrsea s tnoclr ceaagseeds b(
rz 2009; Taira 2005); not only the r
e when considering renewal (Just 200

rd to the increase Iin peeemapondcductoes:
s of transportation, water usage and
particul ar, Buhr (2007) indicated t
to t hred | wcar s gwivtelr inmm e trbliaes erade diuncftri aosnt ri
on, this per capita cost increase ca
cture, which may also |l ead to furthe

(©®®) argued that in a declining rural communi

wheatbelt
declining
managemen
be paid b

Il n ter ms
negative
capita bu
and thinl
t he burde
inevitabl
(Uemur &,

2.-Bheoret

The ur ban
for study

, after the railway was abolished du

popul ation, the rbohd taafWwayg wmal ome
t expenses, which the government had
y the municipalities and users.

of the economic i mpact of dedmographi
sides are present, as well as other

rden, before the population declined
y borne by the whel evacyo wrft rsye.r vH ccvee vseu
n on the | ocal residents. Mor eover,

y increase, unless it is supposed to
2014

i cal Framewor k

public facility Ipooatiidenetfhectyvand
ing spati al | ayout of public infrast
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theoretical framewor k of quantitative anal ysi
are applioablysifsonfthdeai mplications of depop

2. 6Unban Public Facility Location Theory

I n 1968, Teibanppwlplisedf acility | ocation theol
urban public pmremliseiets aeanhtieci ehey and fairne
| ocation research, I n geography. Teitz (1968)
deci-makinng of public and private facilieties,
model of public facilities | ocation distribut
theoretical framework of standardization and
i ncorporating politicaatiaod ®tkheooy cTivargadl e
|l ocation theory is to improve the rationality
public infrastructure facilities, to maxi mise
devel opmensociety. Construction of public fac
needs of residents. However, gt veedn atphdeo hcohhaarba ce
the |l ayout and | ocation ofcpubbncofatrhdttesn
selection theory. The concern and research on
Public facility research mainly experienced t
t heory anar yolnad @aficasans itchelorlyocati on theory adyv
objective of the public facilities site selec
agricultural |l ocation theory and Weber 6s indu
(Zho2n0gl,1) . The modern | ocation theory pays att
aiming at maximizing profits. The field of <co
expanding, from the traditiomwmdl pumdust diaal | a&
residenti al area, and pays attention to soci a
increasing profits.

Geography scholars use GI'S to evalwuate the ba

S piaa l accessibility and adjust facility | ayout
Spatial accessibility is one of the most effe
all ocation of publ i c s eor veivcael uraetseo utrhcee sl.a ylotu ti sc
emergency services, transportation, weadudcati on

Hynes, 204@Wu,Mu2rOrOa3y; Tal en, 23palt;i adu aagd d easrsdiob, i
mai nlyliem®isudedi st ance model met goadwmodyw mMumat hv
topology wmetepod) omawong catchment area @mepthod,
Mu, 2000; M¢ | | earndaBseh Kr, a RtODBl inABwkbi i nns, 0 nL, o n2g0l 0e7y)
Among t lgemwmotdpd met hod i s one of the most wid
characteristic is to inddripsratte et lpeo pudravii oen
side, and the spati al i nteraction between the
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framework based on the considerati AArs a@af nteh e otd

for eval uadaliintgy tcdhfe puwhkliiom facilities | ayout kK ¢
characteristics of simplicity and efficiency.
nosipatial factors into the reseacrtcelr iosft iscpsatoifa
demander (such as behavioural psychol aglguo,t o

2005; Naess, 2006) .

After 2010, the research and devel opment of p
became andiirmpotriteaamtf or the comprehensive use (
met hods to optimize public facility | ayout.

N
pl anning decision support system in solaving t
processing and map display functions of GI S w

c

model so that the model <calculation results
anMdonz-n, 2012; aGRgenani PhbewasBbusly, dependi:
system's visibility interactive module is wuse

constraints and parnarkeeresr st,o0 ac d nopra rneg adnedc i sse loenc
Al t hough pubtionfaeskiarghl bopics are diverse
facilities in recent yeasstsrehmkeygl ancecednspeaptira
Scholars are trying to accurately evaluate fa
construct various | ocation models to optimize
practice.ndttec htotudtd tbhee rapi d devel opment of j
years is closely related to the application o
and optimization methods.

This research discusses the development obapiate infrastructure planning considering the
declining population. Specifically, it analys
depopul ationd and Ahow to deal with that <chan
the public fadity location theory is indispensable for discussing what points need to be kept in

mind when considering the service level of infrastructure. Because the traditional gravity model
ignores the role of key factors such as population size and differdityfacale levels (Songt al.

2010; Xionget al.2012; Yang et al, 2016), this research has improved the traditional gravity model

by accounting for the influence of population size and level of elderly care facilities on the selection
behaviour of the elderly. Moreover, most of the existing studiesaisgies (districts) as the

research units and rarely select smaller areas as the research unit (Cheng et al, 2016; Pan et al, 201¢€
Ding and Chen2017; Tongand Chen2017). Selecting a smaller research unit can more effectively
reflect the differencem the spatial accessibility of facilities in the area and accurately determine

the basic unit that lacks services the most. Based on this consideration, this study chose residential
areas as the research unit in Chapter 6 and 7, which increased theyaottita research results.
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2. 6ARQcessibility Theory

Research on the | ocation of public facilities
spatial accessibility is considered an effect
facilities. I n 1959, Hansemsti ntirmed u cdeed | and cnegs si
for interaction between different nodes in a
f urban | and resources. Since then, var.i
i ng,i mgfemrgmatpihac systems (GI S) and transp
cessibility studies, and they have been
ing and site selection analysis of facil

use
pl an
to a
pl an

> O S5 O

Factors, sSwdhnase,titmea,ved costs, etc. can hind
Originally modell ed on Newton's | aw of gravit
destination was treated as a functioamef di st
analyses, the effect of the monetary cost was
EilGenei dy et al. 2016). Subsequent research ha
process that people endAseatoeaocohtevehehpercd
measurement of travel costs have al so become
LagtReaut |l er et al. 2016). Different travel mod
Several s#Zedli @€ @Abo®012; Chen-Getnealdy 20URB;) W
that people find it more pleasant to walk or
money costs and increasing time costs.

Il n contrast to t htihsat Hweingshheerr i(n2cOoln®e) gfroouunpds t er

costs in exchange for shorter travel ti mes. B
restricted by objective ®Pandimairerss . 2Mdpyg Grme
fluctuatabhbscioonditions can cause difference
day. Similarly, Farber et al. (2014) and Lei

affected by the timetabl e ofvepnemnlti coft reaxn ssp arntg
when applying accessibility theory for analys
construction of the model can basedr meedhodutan
| ocabtasoend met hadcoombpmnedi deeci fic model, whi cl
to measure accessibility (Wu and Levinson 202
From above, we can see the role of accessibil
becomes increasing)]yusevnde6GlL S Fbroeghmppati al
comprehensively consider factors, such as dem
resources, can Iimprove the accuracy and effec
resoursmasl latsaal e. Therefore, when studying t|

public infrastructure, considering spatial ac
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Accessibility theory proviade o nan idfyf edt ii md rvass
|l ocation and size in each region. Moreover, Ww
observe the rationality of infrastructure fac

demographmceabdlangegi on.

The mbdel ding i n Chapters 6 and 7 of this stu
process is discussed in Chapter 3. The select
mo dselrper esented in detail 1 n the analysis chapt

2.-Criticism on JapanO0s Experience of Urban Pl
As di scussed2.i5n seemeptiiroincsal2 .s3t udi es regarding t
demographic change and public infrastructure
Therefore, this section pr ovaindoess eax pberrb eefn cree voif
pl anniinmg raansdd r uct ure spending to provide backog
foll owing chapters.

271-Th€  mpaCt tCpncept

Japan has been grappling wpdpmpulaatdieen.i nimg2blieé

Speci al Measures Concerning Urban Renai ssance
framework named a site optimisation plan was
pl anning. To reargampascect tthher m,j typeanitfoi c ar eas,
i nduction areas and residenti al i nduction are
residence, medical welfare, commerTleraafdompea,bl
noti fwaatieqquired when conducting devel opment
| ocations in the two zones are eligibl &hfusr, v
the current wurban policy Ilyarkgnedwn iansv od hveeosmpt arcat
background to this is the recognition that to

highowth and bubble periods and that they are
rate and ageing popul ati on.

Didrfent researchers have different definition:e
foll owing spatial el ements, which Kaido (2007

1. High density;

2. Positioning bases inidtyadesnftrrarh tchd yc emntera
nei ghbourhood city where daily I|ife amenit
3. Do not all ow urban areas to expand in a di

4. Avail ability of familiar green spacengwhaer e
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car ;
5. Ability to use open spaces and so on; and
6. Connecting cities with public transportati
I n 2015, the Ministry of Land, Infrastructure
Policyo, whiabkbcpmsi bt onedofheesidential and u
that can i mprove convenience, revitalilsane cent
addition, in the fANational Grand Design 20500
Infrastructure, Transport and Tourism also pro

forwairidhnki ng appbwialchi f@ri ma20 90.

With reference to the i mpackKutosfuetaowsmp & xta 2nd dat2ide
the effects of the formation of a compact <cit
transportati dhewtthval themeifgr each means of
dependent v d&niranall e zeandwec@iBEP arcd Dinsdtex of compa
sed as the exXwlnsreagtuemyt |wariidblwa.s shown t hat
horter the distance travelled by the cityos
ravesltlaendcediand t he | onligneradifaet iivwanlgkiingtduwurd at i(c
ghlighted that much time had torbseededsicdeer
eas with high population densliktiyng Tdwer ateisocem
sidenti al areas with | owSpeypeitatanon (RéOMHi)t,y
nsidering six major cities (Melbourne, Bost
amples, found that compact <city forms pr omo
n, i mproves tBmhae klmena letth ad fmerdeQild7émgtpe.s §i on a
pul ation density and I iving conditions from
vironmental ). The results from this researc
pul ati one dreingheéern elsevalvs of | ife satisfacti ol

» o —F un C
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These studies were analysed usingeghenpopsl! at

c
he suburbs is sparse, then the distance from
ransportat iTohne raerfeo rree s tirti citsednnecessary to use
and Apopul ati ormedesnaittey @ fb anoe/lthmesn td tiurnd yt hceo ntba g
indicators in the analysis. The specific rese
guantitative analysis chapter.

i ndi cHeotwoervse.,r, t he movement of residents in the
for commutimdg,scsebhioplpi agtiavi ties, and the data
small area fails to dcaoptexamphe, mewement dihet
t he ity appears high, if the di atcrtiilvattiyorm asfe
t

t
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27. 2Theol i ti cs of I nfr Adtt ocattumem | nvest ment

nfrastructure is the underlying foundation t
nd enhances citizensdo quality of | ife. Moreo
ccess to socirelgi oemratvi des,pawiide esJ aman otbad r uc
nued to exitytpewietclo niotmy ,i mpwaedsti mantar |l y wit
apital for mawaronr.e clonn stthreu cptrioocne,sasv yodf u sptor
I i ndustry devel oped rapidly and basic
ed as a basis for promotin@Goaesegumhtl! w
the second | argeé$t hGDR ecotnlboeni womglr @& w
vel oped countries, the proportion of
ntly high since the end of the WW2. F
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When comparing internationall y, -tiytp ec aenc coneo npyo i
continwags at hilgeh | evel-t@DPt hahi ghi havedt mgnpr i
rates al most the same as that in increasingly
and private enterprise facitthda i @S atr ealmad slou tne
public capital formation is more than doubl e
outstanding. WastéerbhBuobopealhomekanitvely il gl
publ i cf crarpattiadn t o GDP, higher than that in ¢tt
countries declined thereafter; only fapao mai
20D6 Howevertefmomeaspongi veecasnml ekel fkascadcip.
and taxation, public investment is accumul ate
production activity aindf reacsotnrourcitcurwee | f are as s

Il n East Asi a, i nfprraogmnortweadt vrned psluasn miimge dhass onon
growth more inclusive. I n this regard, infras
the construction of production networks and b
as raonaddsel ectricity, has also played an i mport
I nfrastructure devel opment in East Asia has p
country to country, and even sBhawnghrsemetbeue
4ln Japan, after the WW2|nfrasitd bekd fuieioggmti td omp & rhe
devel oped countri esst egtmaretciom@ miwict Ipil tatne mene dt A6k In igmgd
1960, the gopeommeinhgseéeapaesi on of public investm
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eat need for i mprovement. Considering the r
comes generally |l ag in infrastructure devel
t we einn tho mgedw-iamadome countries in terms of tran
ads. I n terms of the overall infrastructure
nks 20th with 5.6 and China rankerabse wicobh
d opportunities fOoOUNESBCA®StILISucture devel opm

recent year s, criticism of social infrastr
rious environment al pr obl ems ,i gdge tnegr iroerl aattiendg
rrpublic projects. Along with other such cr
tionality of infrastrucltwantpidddnhb omrgD csidhrodi | d
®9 and others analysed thefop@tsetmaudck sitred ®m ©Hh e
scount made NaX@dohddreschtoiwed t hat i n Japan, the
ciimaflr asits ulcarugeeran narmeag otplodn tin rural areas
frasafr urciruale areas i s excessive from ahe vi e
kahi(20apsthanal ysed the marginal prowdarcalilvidogcil
frasgtrauckt uire Japan i s excessive because the
so, @&s®raetsimmal ysis, although it is impossi
hod and periegodal®iofdred , Miltwawmote®t al . (1995)
umul at iiof rafss v ack asirre Japan was too small [
ino et al. (1999) evaluate the simultaneo
ysed t he isnfrruaxcsturakecgtadrnegot hat doe#egoonhé d

i

t
Cc
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I

ocati on, itrhfer acsdrnrraeoktulrsesc iaalproducti vity | os
rther, latcalo8ad thd®®® opr evi ous study on the ecc
frasgtracke sipiet e widely distributed producti ol
eas, the effect of investment cannot be see
nce the 1990s, public investment i mpl emente
inly on road investment. As the demand for

t boost productivity in rgeiang aaredsde dMoirreiorn
ere is concern that infrastructure develope
teriorate and become excessive.

garding this, several criticisemesatfiacidliirteice s
pan from a political perspective. Since the
ewed certain public infrastructure projects

frastructurpeolciotnisctarlucatcitoinviatnides has bladdme r
96; Tam&da2d20MB0)6)c.onducted an analysis of th
vest ment and regional Saqt2dt0i8gab  mdocsd wepmks An
e i mplemented in specific areas. On the one
ficials (chiefs, | egislator and bureaucrats
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Oact hpubltherwhand, political

ion in their respective di st
s as | ittl e aisc,pobsusti btlheidos meapyy
votesodo for the election. Reg
re to Seictu@®@0&)nd obtain vote

rriegi oinat egprloynyoopematwomres of it
businesses based in a certa
gage in political activities
ol ders become oO0fixed votesbo
or . However, some voters ( mo
tead support tnhcey oovfe rpaurbcl hiicn gv
es of such individuals are ¢
f elections. From the standp
ndewotmay iad treimpky,t oan chctrlelass,e
ed votes. To ensure the deldi
onal promotion to their cons
prioritise enticing busines
se regions. I n this context,
ct pl asnSnéiintgd 0 Ob8uU)t. al so t heir

tl-makbangi andat mpl ameheatdeons
al officers and | egislators.

atslse gwmeerdk tsi tmosnidr over see t he

a
P

g

g9
e

f

rge in the practical affairs
roject I mplementati oear may be
to lack the incentive to pur
rable scenario for bureaucr a
encioés soCo @as$ e q wagoti ltny s d teehr @ fndges
encies can be increased, the
paoabhveni ence can be enhanced
iomp lpeubd nitci ppg oj ects 1 s an in
projects is highly unlikely
|l ess than the al |l odc.atBeyd cboundtgr

terprises, efforts to reduce cos

f salary increase and promoti on.
r eavatr @dr Bayise @MO )Y . pri vat e

he
and

political parties, parliament

|l ead the decision making and
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enticed with icooesretqgiuees e( iofe.opti mal spending)
themselves have aimed to become efficient |1 mp
awareness, winning in the elections i g ostbiel |

promoted as executives, which means that they
deci sions and the i mplementation of public wo
that the above partiesowehaggehehefficiewsyabd
A fundamental strategy is to change the syste
streamlining the project process. These refor
resaed n a short period. However, f the creat
the insideb6 cannot be expected soon, then it

be derived 6from t he outpserdfeedc.t Tchh osi csec hfeare emat
seems realistic and fairly effective in build
sides in terms of ensurSiang @edfof8i)c.i ency of publ
With regards t o t hientasbh o vseenveenrtailo nsetdu dkieeys phoav e L
|l egi sl ator-el acimiog &od tke administration par
| eadership can promote public policies and i m
with rebethacwork of Persson and Tabelini (20
proagedsated topelcact namepgl i pres (including th
el ecti on compeelteicttiioonn) paonlid tpiotsste (o fnch wdig entg ft dren
agenda operation). Based on this division, I

policy benefits (as discussed in political sc
generated bygyompfeasbnuctoreases wherein infra
of empirical research in political science, t
6profit induction politicsé are often analyse
A prevailing eneWwpbobsentonsethhanateéblocally and

and thinly by all votersd; this argument, whi
suggests that incentives for el ect eidt |fergdms |tah:¢
public projects. Cox and McCabbins (1986) con
cartel for the distribution of profitsd, cl ai
strong basis. Wit hharsegbhaeredns rteop oUS epdo Itihtaitc so,t hiet
fighting the election favourably by profit in
Levitt and Snyder Jr. (1995), Omore governmen
heading towards areas with higher Democratic

considered government expenditure as a depend
the real effects of completed infrastructure

|l addi ti on, some empirical anal yses have focus
particular, o6voting transactions in the | egis
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in which oO6unanimity [is]c owostko rbaurdyg eitn ptrhoe opaad
1997). Weingast (1981) analysed the incentive
the government at different | evels and intern
findings sugumeistutdatulifi mxpel y maniibesefas e
calcul ation will be distorted, thus hindering

Thus, Apoliticiahdbenef§ipebiincegrandteconomic

i nf rcasutrreu i nvest ment significantly diffemr.m Fir
settings in which one profit distribution cor
capture the chamdaotasrtmpicdweameht sbecatse of th
announcements, construction and service. Seco
i mmedi ately after atlilndaatiingn piod idlimadt aalall ymsre
benef iot st hdkeue xti st ence of infrastructure are su
through the construction of productive infras
and the trade area iIs projestkeeneédi expaonh. e x
empl oyment opportunities and wage increases.

effect in infrastructure investment equates t
flows and pakti ayebaceéetuiat $ yt hecogni sed by vote

Thirdly, infrastructure investment is irrever
is fixed midway, and the nature differs from
adj us dgst far each fiscal year. Al most no
i nfra cture once constructed, is involved.
suppl benefits as regional p ufbil ti ci ngdouocdtsi atr
analy infrastructure investment tends to
all oc n of | ocal public goods with extreme
infra cture censiaér alblopwoimyf | aedcéebeteffec
given region. Although political incentives a
infrastructure have been discussed, the empha
pratve materials that accompany infrastructure
and asset effect that are per manehtadyt geantume
formation have generally Dbeaen nifgrmesrned.ctTulre prm
more complicated than those discussed thus fa
can be considered as political public project
by poactiiwvcwiati es. Therefore, the political per:
and conclusion of this study.

—+
-
Q C C

n 9 n< n —+ X
nw oS

t
t
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Schol aalsatm@ptvlkedt Japands infrastructure investrt
being guided by an efficiency perspective. Th
has been widely researched fromLeai bonwds Spmegrdep
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(1995) and Ansol abehere and Snyder (2006) <con

empirical analysis to clarify the effects of
federal spending for | ottcAdevgdveramme iBtny diem t(H&
positive i mpact of democratic vote share on |
i mportance of | ocal partisanship. On the othe
empiri caolf asnuablsyisdiises from state and | ocal govVve
with a high voter turnout for the ruling part

di stribution.

Il n Japan, Nagamine (2008pj(t2®Walmd)lyen @adn ¢ h@o tda s(t 2

public investment amonbageminas(ada@dlpolbusedcat
invest ment data from 1993 to 1995, divided ro
nati onal governmentefhedtuonad and-sesomédobbabgrag
analysis that considered politithcealL ifbaecrtalr sDe i
Partpy» ot e share, the number of elections and
insignificant. On the other hand, Tanabe and

amount of investment in prefectul®dDP voaecs sthrao
was significantly positive. The i mpact of pol
However, although this study applied a panel

period i s extremely Isihmartee di,s aunsde do ntloy itprhdei cLaDtPe

Il n adfait(i2®di0) suggested the possibility that
transportation infrastructure investment deva
swprt the needs Ddi |ldamcd |l Aloimman(i 9 %*®%) showed
treasury disbursements by prefecture from the

party members and negati Vestoempheicali ngspéat
conclusion that the prefectures with more rul
the prefectures in which competition with opp
Most studi esuqgmetshti & hseubjngddtuences of the ruli
on theeginoeal allocation of HpwbVEec, i somet ment
the one conducted by Hirano (2011)ansarognued et h
regional allocation of public invesdimemal i s |
all ocation of public investment and political
Th above criticisms on the effectiveness of

e

mi smatch between the supply and demand of pub

that the scale and spatinalt allacoataibore emopglhl,

needs to consider the interaction of multiple

| ocation conditions, transportation costs, se
c

faciclcietsysiabi I ity. Numerous scholars have triec
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bal ancing a series of goals and determining t
l i ght of the act walepsintowa tlieonme ¢ &Uoscihn gMmad Ictyveal s L ¢

(291 studied a measure model of the i mpact of
accessibility of public services based on GI S
conducted i n the Waalredsi.f f&toagratlaggp o enp @ssoeudt hae rlnay er €
configuration model for basic public services
mul tiple objectives and defined it a®bgealkipl
S piaa | optimisation configuration model and cor
planning of the parking transfer facility 1in
three major issues must be addfesstdci hithesp
as many potenti al users as possible, parking
possible to major roads and depl oymentThef fac
above studi eocan itome odp ptuibdli calflaci |l ities will
future public facilities in Japan. For Japan,
reexamination of social resource al |aocccautriaotne liy

to trends of economic anidnfsroaxgdest yec tehtracecgke awhd c
support the whole country.

2. -Summary

As mentioned in chapter one, the manal yesethe
outcome of the work of infrastruther eopgpliaahep
of the formation of this research question by
di scussed above25 Fwam sseeec ttioants t2he2 demogr aphi c
i mpacts on infrastructure planning. Hewaved,

variables in infrastructure planning has been
demoge apihaie only, despite the anticipated si gl
al |l regions in Japan, especially population d
effects on infrastructure plaenidomgs Thloe terxe &N
beyond its use as a scale factor. Mor eover, f
geographical factors in their discussion of t
i mprovement. | ns agdtdudii®sn, tme pirefvli weince of de]
i mprovement of several types of evident infra
most of these studies are discussed from a qu
usiagadfor quantitative analysis. Further more
criticisms are directed towards the effective
argue whether the infrastr uuccttuurree pp raonjneecrtd si sr as

Il n the |ight of these findings, it is fair to
infrastructure is stildl in its early stage. A
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|l ati oveemi polpeit ati on change and infrastructu
mparably | ess attention has been given to e
eld these relationships. Wi der antdomioc e det
mprehensively and draw more definitive conc
ing more targeted anal ytical met hods and ob

siderabl e roononftorri biuniper otvoe nmeonrte tfhlaetx ick
enarios of future infrastructure demand pro
derstanding of historical patterns of infra

this sense, this studydkomogsasphoeo sheei ahd
frastructure demand and planspegi a&scwelkbeas

ent analysis wild.l be per f etrenmepdo ruasli ndga taa Ssue
ul arly,t o hienwodbsticgatve t he magni tude of

ure that substantially affect public in

considerably affected Mor eéedgveegsreendemeganaphysesh
(2013) and Matanle (2011), there are only a |
popul ation decline on public infrastructure p
andisaster facilities aamB, cwheral nahumaktodnsta:
frequentl y. -dSismcse emanfyacadtiiti es in Japan are |
research should focus on and discuss the i mpa
infrasAddict uoral | y, as discussed in section 2
al so pay attenti on lityoop angerea p mige alhiek ecrobuingt ir o/sdlksso p ¢
complicated coasthdi hesns(Rhchadungl the presen
with the possibility of earthquake, (3) demog
structure, (4) historical and geogr aphii byl cCo
devel oping countries.

Further Matanl ebs (2013) conclusion also quest

sea wall planning conducted by the | ocal gove
a high seaewdlilvedygnmpotevemft all natural disast
consideredefmrpl amgieng of public infrastructu
ideas introduced in these studiesy Dhi pl papen

di fferent types of faciHFutturees ibmfsreas tornu dthwer e nj

n

to account Japandés various resources (human

and resoursmaeqQt loy.prAdddeietdi onal ly, the planner

soeicoonomi c and demographic conditions objecti
Hence, i mprovements to the devel opment of <cre
pl aongnican be achieved through a better underst

Matanle (2017) performed a qualitative analys
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strate the residentsdéd responses to the sh
| ation size. The 1fesiddemtss i amndd cqd \eert hrad n it
rity of economic growth. They accept the
ance for their |livingstabldi shmast ohsé¢éea
Ss seiekt iogppportunities to achieve regional
onditions of population decline. This 1is
e region places 1 mpr owiirg otf hegpmatn tcy r ef
ed| ynIsveazt §PWOde¥) noted that popul ation de
n a depopulation dividend, tdmdr adisye posi
ul ati on stoheaittd taoanbadfeicomoEi to@aald environmen
findings offer new ways of thinking for
ty, while also providingnatmhnef eaumds gesufsyrt
study demonstrates the reliability of th
pulation dividends through infrastructure

- + > 0 o0 <

® ®d ©

study conductssioda icmpnpatehenfsi dep amuall gt i on

astructure. Such analysis provides a conc
ation change and infrastructure planning
t ehd ctaawwssadc mechani sms, assess the state of
nfrastructure planning and offer several
findings draw empirical evildengpeldrd presw
structure planning.

o]

current research also has advantages in i
g the few existing empirical studies that
as tarnncitnigr eanpdl | mprovement . Prior studies i
arch have been qualitative) and scope (e.
l e type of i nfhreausrtrreunctt urieees)eeampcyhr cucsieelsr app f o
orms a comprehensive analysis of the subj
n at th.e Tligs ommtaddy ewedl.d be valuable for
outl ook for the potenti al range of projec

fhacnges i n infrastructiwroeulsdc glreo vadde mu mbeere.r eS

eas
nde
sse
pti
na.l

onabl e estimates of future malihntrednance an
rstanding infrastructure demand across di
ssment of potential distributional effect
mi stic that t-bedowsttawame swidfl tblrei pa¥Xdpamul ar
ysing similar situations in other countri

respective paths through similar patterns of
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CHAPTER 3

METHODOL OGY

3.-1ntroduction

Chapters 1 and 2 clarified the background and

present the methodol ogies applied in the anal
assess the dppmdprisatreice 1 eopl anning. This st
t wotep floating catchment area method, and fi

appropriateness of planning for elderly <care

This chapter consists of the following sectio
theory and accessibility theory discussed in
31083.5 introduce diffetemal wmmectkesdsbibdisyuoy wihi
infrastructure facilities and discuss how thi
that the strength of the gravity model used i
data obasmedvmaode®ih compari son for accessibility

di scusses the strengthsepardfd owmda kge xs2d < hanfe ntt h ea
Section 3.5 evaluates the usef ulamedsosm oeff ftehcet sm

to analyse the impact of popul ation change on
3.-Appl i odlthiewmmr eti cal Foundations

3. 2Cllassification of Accessibility in spatial
Accessibility didrfiegsnacadracdisndg itcamati on criter.i
aspects, namely admissibility, availability,

and William, 1981). Admissibility andrafvanidl ad
as spatial accessibility. Acceptability, acco
nospati al accessibility. On different spati al
are different. I nsibeli¢gi oedl ecost ¢ehe, dacctes
bet ween regions, mainly measuring the spati al
(Mackiewicz and Ratajczak, 1996). Wi thin a ci
and boktadebgraphic relationships between urba
accessibility within the city is divided into
former refers to the diffinctuhe ycoristrreaicmt s1goft
reflecting the quality of | ife of the residen

l ocation (Kw@bdel Mpurr2a903). This study explore
infrastraftcaomue,e.t Tdheanal ysis of accessibility |
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accessibility within a city. The specific cla

Tabl 6CBagdgdsi fication of Accessibili

Accessibility
Regional Within City Spatial Accessibility Non-spatial Accessibility
Context
Regional Individual Location Admissibility | Availability | Acceptability | Accommodability | Affordability
Accessibility | Accessibility | Accessibility

Sources: Kwa@GgelMayp0oay, dMadki ewicz and Ratajczak (

The spati al accessibility of public infrastru
access facilities and services thr ouagrhe sviedheinctls
and public infrastructure facilities. It refl
to certain public services in a particular ar
concern if theysulcahc kK aacddeastsiiesi.l ity to

-

n other words, the concept of spatial access
nderstood from three perspectives: (1) From

ubl i c service cfoascti liintciversr erde fbeyr st teo rtehnsei dent s
btain services; (2) From the perspective of

facilities refers to the number of, osphpooprptiunng ,t
schooling, recreation and so on within a cert
opportunities available, the higher the spati
the area; (3) From nther petrispreccttitvee opatsipalt i ad «
infrastructure facilities refers to the mutua
infrastructure facilities. The greater the in
infrtasteufcaci |l ities.

O T C
—_ — —

3. 2SRatial Accessibility Analysis of Public 11

Studying the spatial accessibility of public
point and the end point, and the form of conn
point. Together, theyrdamdt ietl etme nttise tthlfatea fme
JoseaepRihi Il i psenglaBadi2®heans shown in Figure 3. 1.



Starting Point
(Demand)
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FiguriKe3y. El ement s

Connection Form

N\ )

End Point (Supply)

y, J y,

1. Population Size) 1. Traffic 1. Attribute |

Density impedance _

2. Location and 2. Distance 2. Location

Scale of Residenty attenuation 3. Scale |
Sources: Josephlommrgd amkL2hiems , 1984;
When stusilyatigalt h&@ccessibility of public infra
the demander iafespuwkelnites,searmnwdi denhe end point ref
infrastructure facilities thoant fnoerem itsh et hnee etdrse
system between the residents and facilities.
on spatial accessibility of public infrastruc
el ementscafesspdtilalya
When urban residents choose public infrastruc
mainly affected by the | ocation, scale and po
i mpact of | ocatiomni of siezée demtspanidalpopudtassi
residenti al area is |l ocated in a place with <c
number of places the residents can r eaicehs itno a
obtain services are insured, which indicates
popul ation size of a certain area is relative
facilities near the eesededentb apetafowhbsehvim
increases their travel cost s.
The spatial distribution and attributes of va
school, business, adntrercttdivremersts, aetdc .s)c,alteh e iarl
accessibility of such facilities. For exampl e
evenly distributed, each studentds educationa
educmaal facilities are concentrated in a smal
hi gher the | evel of spatial accessibility. Mo
di stance to settl ement sscaldesihdsmpt ¢ awisl Iwi @ tht dén
That is to say, the | arger the scale of the f
facilities to residents.
The transportation system refl ectesndt lpoindnv ar
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cost incurred by the resi
ns for residentso6o travel
iftoresg estlenttsave® obtain p

atial accessibility has b
are two key factors, whi
e is reflected in the dif

nt research situations, i

traneé), dosta@rceayYéelravest dj st

T QO 0o «Q

erefore
i mped

point

_..,
S5 —~ o0

spati

w -

NO O O>S® o — =
- 0o c

o W ®© T < O

cahc peesosp

Amgmmr—rﬁ
5 =
Q 9 @
N c un D —

>
o)

O 9 O

ed | imitation and the met
, 1t 1s necessary to comp
ance of residents. The &ef
he increase in the distan
nd itdhtearnae gaettt orou atti ors  fwiel
cessibility assessment.

al accessibility is the m
ati al dri esa sra rbault li eo.n Aocf ¢ epsushbi
with which one point reac
es of accessibility. Spat
lppubl i c facilities and gali
frastructure accessibilit
ect the actwalr essdwrade .n \
d equal spati al accessibi
met hods are stil]l used to

activitidéeéocan imamsodmhesse n
¢ oofa graocup s uilmrdisfofce rad nts e
i al | ayout of social seryv
cilities is i nspeicttieas amt

i eadv dmalbimptrolm&sdhol ars have applied spa

study

o Qo =

spatial distribution of

feevan characteristics and at:t
fferent types of public fac
characteri ste cgsr aovfi tpyu bnhoi dce |f ak
i nt ersatcea p ofnl onettihrogl, c dtwohment area met |
types of facilities. These

ftawri d itth esisr

spati a
fferent
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3.-&ravity Model

Thmeasur ement method based on the gravity mod

accessibility of public facilities. The exi st
comprehensively considered factioesssftucihmasanae
and infrastructure service capability (Porta,
of the i mpact of different | evels (scales) of
resi dent s ciksi nrge.l aAtfitveel ysulmamar i zi ng the concept
application in infrastructure spatial accessi
facility | evel scale influence coef fiacnide nutsoe st
Japan as an example to explore how it wildl be
accessibility of public infrastructure and th
The gravity model iI's exmamigered riamp hiyedioon &larec a
uni versal gravitation and study the interact.i
classic models of spatiaidountselagtriamm.e Frnermsdh
concept afr awnitvadrisoanlal potential based on Newt
scholars (Weibull, 1976; Gharani et al, 2015;

geography and gradually developed the gravity

The potential pmaddecaecsfntdhem emerglyj ect to ano:

A

@ produced by 00§,0 Whoér edeegr'esiesntés t he scal e o
006 represents the travel i mpedamace foacdtd rmebet
is used to represent the sum of potentials ge
system forbéopsoitnte ic,oeafnfdi c6i ent of travel fricti

model ecxapnr ébsesed as:

(3.1)

The gravity model is widely used to compare t
traffic conditions within the city, antdi veo an
economic devel opment . I n 1959, Hansen propose
and since then scholars have gradually applie
public infrastructure fmadel i toemealdhea wWHENgp
of a residenti al area o6i ', 0téo realplr erselnd warthef &
of the publicdofiaciddttwyaldljy,t mendcwmudatp vkl ival |
facilities in the study area toOtthenceéindesnt i
wi || decrease accod dialgdg, (The batrger the Dpat
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The general fommdked obnshdegsavheyutility ser
factor but does not consider the competition
sharing the same public facilities. Thengfore
the gener al gravity model: I f the service cap
service population of these two facilities di
i's the same undernctehe bsuaame tt riasv eolb viinopuesd at hat t
actually have the same spatial accessibility.
(1982), added a popdd atoi otnh es igzeen eirnapl a cfto rfnmaucl tao rc
usith@ téo represent the population of settl emei
foll ows:

(3.2)

Al t hough32f)orcnounlsai dler s rerei ceomipse tfidr olni mift ed pu
it i gnores the influence of different scales
choice behaviour. Di fferent | evels/ scales of
attracti on for r estHdevretls meRarc ad x afmapclid,i thiiegsh ar e
technical strength, which can often attract r
intractabl e dlieveals ense d ivcha [Isahallcdiwl iin i £salae and r
technical strength, and wuswually only provide
mi nor illnesses and are thus unable to attrac
The i mpact of scalbeagé ohbice balkbavVi ouesobbnre
travel time | imit (distance) in this study, f
settl ement points exceeding X km in distance
| onged huiys residents. @B@&ctoo di gl gsewnwte Che tusav e

b

e

public facilities, 0j 6. Public f®b6ilandeshefh
t h l evel of publikué@Qail 6ties, the | arger th
For the same public facility 00d&d,béttweesnotblve o
residential area o0i' and the facility o6j 6, th
behavi our . vTah eu &sb6 oosimbdd déthhee gr eat er t hi s Oiénf |l ue
goes b@by,onidt 6i s concluded that residents no | c
t he i nf |l u¥dnce fuascetdort o6 eoX p rpaishd itchd aicnfllitae rese 0|

behaviour of residential area o0i'. The i mprov
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=: By T %
L IF
(3. 3)
|l n f o33nMwléaér epresents the spatial accessibilit
public Dacrkepresesegnté the service capacity of

beds, the number eafc hfee &Ipt, r etbeelsrei6disanhe(tpopul
settlemdntrepké&sedts the poPwbdl aceporsseinge it mpat
i mpedance factor (time or distance) beW¥Yiveienn t
a level/ scale influence coefficient that repr
|l evel s/ scales on the wutil i'Q6atrieopnr ebseehnatvsi otuhre otfr
(di stance), apsubdliiscc ufsasceid iatbioevse ,of di fferent | €
0O6; refpMd esents the travel friction coefficient
facilities and settlements, respectively.

For formOlba©®f )t herd toher eYtOh & ,c omhri ecshp omedainrsg t h
time |imit (distance) is exceeded. I n that <ca
residents. I n the cal™alwitlilonhes aseét ntagfa@ i vlel tvi
f a (3) is actually a model of the total
nts at all | evel s/ scal es. 't takes into
popul ati on ssi,zet hoef rseeltattlieoomesnhti p bet ween publ ic
nce and the impact of different scales
ed with the traditional gr aeicty tmedalct u
situati on. 't should measure the ability of e
includes the number of beds per person and/ or

Al ong this |l gneaeyit@Whembthpltrovaed be also applied
schools by further adjustment of the formul a.
school district governance by ur banbasisd dent s
education facilities, the analysis need to co
school s Under nor mal circumstances, most stu
di strict, and few st udegntosuswislclh ocohloso sien tJoa paatnt.
gravity models by considering the district sp

= B~ 1 d By L

IFE 5 1 |

1 O a O n, 1 O b O m
(3. 4)
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| hor m3dl)a 6(6r epresents the service capacity of
et M.0; répresents the popwd arte porne soefn ttsh et hsee tptd peur
f actOodr ;r epresentsnedef dctaorel (i i mmedar di stance)
and the Botbpoésdnwvs ©Ohe travel friction coeff

of schools and settlements, respectively.
When a=1, the s pascceh onoaln adgiesnternitc tofi st hceonsi der ec
i ntregional school selection behaviour. When a
management, and students are not restricted i
the space géveheaschoolegdiontadi cstchamd crdextio
summary, the gravity model comprehensively <co
(popul ation), supply factors (instiett weiemnal s
residences and facilities) between the supply
di fficulty of the populationbés access to publ
this study wil!/| apptg the gcaessybimobdey oD hao
care facilities.

3.-Fwestep Floating Catchment Area Met hod

The early floatingepaéesbémeaetd Baheasmat had acce
calcul ati“gmahe sapplby Figure 3.2 is a specia

model . Note that the radius of the cimselae chem
area of demand point 6 (the upper left circle
di stance threshold | ength), there is only 1 s
(including demand pointkelsuppl 8,pdint, hds aad
Therefore, the spati al accessibility of deman
9 is 3, that is, 6ad, 6b6, and O6cd, with the

11, abh8) therefore, the spatial accessibility o
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Figuriea3.ld Fl oating Catchment Area N\

The early floating catchment area method has
resi derstesaricrh tahreea can obtain the services pro
di stance between demand points and supply poi
of the residents' travel. Mor eotvelri mitthed steo v ¢
the search area; it may al so provide services

Il n order to overcome the above -sheptftlomamnigsg

area method, which is based on both demand po
t wice which i s whtyep tf |li csatcrad § eda tt thkechd Wtoe & er r e (
model ). The model i's described as foll ows:

1=
By L g

(3.5)

The first step is to search for all the deman
t he tr avtehlr edsihsotladn céed 6 a rde ncaanldéyd laa ti do tohe sempiny
represented by popustathenpei zeapttheansdopply, w
supply capacityYooi spohet s@pd nfKwieitdoss méh eo ft r af f |
i mpedance bet weled 0k 6t tner dd dmadnd awnal we of the «
generally expressed as popul ation si ze.
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1=
- Blu -I::- ||-.

(3.6)

The second step is to search for all the supp
or the travel Qdjsthaepoet hbr epdbdfdl Ppaiccte sGiididar
by summari sidegnaimtdi@¥d safpppalyl supply points with
whelQed @& s the traffic infedandcdemampedmtdio’ odn
point 6j6 in the 06i060 sveadruceh arpeaa.h aTghhea clcaerbgee rb i
ol '

This method takes into account the interactio
study area, and the spatial accessibility cal
an il lusSF&Ai modef . aSB2arch area 6ad has 1 sup

unit and there are dCemhemrdanmdtp wi otfs ,s utplpd ys ppp
same princi-pé¢mandheatsiuppdfy t he sruepapldéyp 6pdisntl/ &
supdgkewand ratio of the supply point 6cd of th

analysis, the residents of demand point 6 can
traffic timedtineaankel d hore sthrodwWel an¥otBus. i On
the other hand, residents of demand point 9 ¢
by the search areas of 6aé, 6bdoabdan dé bodée,bd)a n da nc

the same threshold rangYyeyG&®d=01ft 40spavdradl 5a6c

Fi guriel h2SF CA Model

T

@)( %' I
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A

/
.




Th
t h
t h
s h
t h
accu

® O @ D O

i mpr
i mpr

I n t
faci
fric
popu

Sspat.i

stud
Andi
sudd
refu
acce
pl an
poin
anal
addi
cons

appl
3.-Fi

The
t he

Pane
pane

59

2SFCA model does not consi der tahses utnigaslt u e n

spati al accessibility of each demand poin
di fference bet weenrrtema sdpeantainadl paod cnesss.i binl
tcoming, this study considers the influen
supply point within the travel distance |
ranguysti shie difference between the spati
oved 2SFCA is actwually a combination of t
oved 2SFCA model has the following expres

v

= Bim.m {:=Bim m "ogmy I

(3.7)

hi®d sitsudtyhe 6scal e factor of tYheofputbhe cpdlalc
|l ities is represented pmys stemegyefoadil lbiet; t darve
t
I

ion coefficiend asdexpeess addfdbyi si heheed aa
ation of resid@emm®@)rjnanhtetbeadbtamteai f &
cabbréeaty by selecting different threshol
y will wutilise the 2SFCA-dmodaslt etro farcallyde
saster facilities referate amdr dshcaconmr ¢
en natural disasters and accidents (Liu,

ge, basic living security, rescue and com
ssibilityesf mparportgreamdspacts. Accordi
ni ngi wdstaenrt ifacilities is to minimize the
ts to certain facilities (distaned can al
yses the minimum and maxi mum di stance fro
tion, the 2SFCA model noits @t gr coacii ldietr is e

iders the factors of turta fofni.c Tchoenmrdeiftoiroen s ia
y the 2SFCA model to analyYseaanherevalkudaie

xed Effect s, and Random Effects Model s

identification of causal draglaat iTdhn shispstda
fixed effects and random effects model s t

Leadbaq ro.
(3.8)

| data is the data set observed over mul t
I data, as in Eq. (3.8), it is common to
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error term with twod tShdstcrmptpoi nthet ji nama

ndi vi dual that does not change with ti me
east squares method may cause a bias 1in
idn algu Fi in the error term through the | eas

autocorrelated and may correlate with the exp
term assumptions for obtaining)thwelBedtailinea

Therefor e, It I s necessary to treat Eq. (3. 8)
data, dependi i0g Dhmethandbmr afcfft e®©t Stmecde
independent of t he, ewlhpillae atthoa yf ivae d a@fi fee mmtos me

panel

shoul

independent of this variable. The form of the
d be noted that the esti matd otnhenodel
independence of the explanatory variables. Th

mo d e |

Legdhe .40.= a0
(3.9)

randoi@ief fEgct  3mdBJeli,s i ncl udedOi+n t he
treated as the error te@ m.auAtoctolrir=s | tait me,n

bet ween
assumpt.i

BLUE.

Her e,

expl anat
independ

the error terms at difhetbkbat tase, poh
on that the covariance of the error t
east squares method, efficiency canno
erefore, tse esandnamedaf fuessdatng mdhckelgeiner
siders the autocorrelation of the err

I's worth noting that the random effe

a n at, o rbye cvhadQieamif@aitned i n the error ter
ory variables, the assumption that th
ent cannot be satisfied. Therefore, e
arvcee hod, the parameters are inconsistent, a

the random effects modéebndt hbhefexplasaht

i @ balree

correl atCids, itnhcelruedfeodr ei,n iafthieorerir rc rt e
t he ex@laannda ttohrey "@ratroiyg btl@enan € onsi stency

ned. Thus, it becomes necessargi n ot hnea kfei »

simpl est

model veWhil enet hedes &dmwme e®at i'@Qratihen t ha
i's to create a dummy variable for ea

explanatory variabl e. However, sabtesth
ncluded i n the excpdmsnuanionrgy anad itahbd reesf,or
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i n practice.

I n the fixed effects model, insteadthdt udoegyg
change over tasmeumsngemovedtbwwati on formul a t
period mean value for each individual. Mor e s
over the entire period t for eacd ainmbdi ef duat o
the peri wdamidmroft he individual |i. However
the peri od "Qivse rtahgee’'Osvaanheu ea s

) S

JL < & 987T 0%«

(3.10)
L=+ +o0
(3.11)
Eed)= BGEL) F-4)+ ofs0)
(3.12)
L & dbgo g
(3.13)
Next, Eq. (3.11) is subtracted from Eq. (3.10
deviation from the period mean on both sides,
aver a@esoferi,s trheursov edi onn tThhiesr eefqouraet, as show
fixed effects model is esti wadred, bwhi bk &easo
by converting the explained and explanatory v
val Slien®es removed in Eq. (3.13), the error tel
vari ables, and a consistent estimate can be o

Due to the names of the random and fixed effe

di f f erwenecne tbheetm i s simply that i f the Fi fluct
effects model, while if it is fixed without f
expressed by Eq. (3.8), theyiat®OcsHabBasyv drn e dt ha
names are not of concern in this study; as di
fixed effects models is whet®andotheoéexphanat

vari@abl e

Since tdmd apadmesl a | arge sample size and includ
time series, a | ot of information can fortuna
the random and the fixed efdetches fmoxded sef fHo avte:
uni que merit that it allows for the easy obta
in the previous section. Nevertheless, one re

remoWdy n@ktihe period average or the deviatio
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only to the Iinear model
As described above, the fixed effects model h
generally applied accoaralnygsito. tdteatsipetcii dalcl yp,

commonly used as a method to determine whethe

Il n the Hausman test Oanhde tnhuel |e xhpyl paongahteosriys viasr ite
i ndependreuwnlt]. hypathrkesi s cannot be rejected, t|
be rejected, the fixed effects model iI's selec
significance | evel at which shethaupe agpat bes
probability (the probability that the random
model i s suppvwaltueed onsh etnh e hHta ps man test i s suff
0.10, whil eecthse moadhedlo m se fshuad pucer tiesd |valregre .t he p

Thet &st can al so be applied to select the rigl
test examines the null hypothesis that all in
rected ddueestto tthheerFe i s no intrinsic effect, &
in most cases, iIintrinsic effects are present

Ft est and deci de bet wetesn ntohdee |rsa nbdyo nmu sainndg ftihxee dt

36-Summar y

This chapter presents an overview of the main

chapters. The constbhrassetdi @om awfr btame pai brho ce lfsacii d
accessibility theory discussed in Chapter 2 a
characteristics of the research objects. Part

anal ysdisbialcicteys from resi denti3dndale@®a ptioe rel &d)e;r
t wotep floating catchment area method to exam
primary schools in NagamdeCisyr@Ghdamterfrfert sa
of change in population size and (Lthrafeateur e on
Detailed explanations of the further i mprovem
set are tpheovduweadeaedhi ng chapters.
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CHAPTER 4

DEMOGRAPHI C AND SPATI AL DATA ACQUI SI TI

As has been discussed previously, the applica
corresponding dat aset squeos farnesndear p at nhdes sitnufdryadsst r
responding appropriatel yT hteo fJoal pl aonwdi sn gd esneocgtri aopnhs
di fferent kinds of datasets employed in the e
4 . -An I ntroduction to Data and I nformation
This study is designed ntgo seoredwdt deammi rsied sl ta
guestions mentioned in the previous section:
with regard to its population and social econ
Statist)i,candNANati onal Land Numeri cal Il nf or mat

SJPS was conducted in August 2014 by the Cabi

aimed to understand public awareness of the f
fo formulating future social policies and mea
events in Japan and obtain a basic data sourc
and welfare. This survey iscembducbédtheomutls
NAS, using data from Report on Prefectural Ac
applied to study the regional wvariations in e
Nati onal l ncome (GNI) and National  ncom

Among these datasets, the VS survey Tihe the pr

robustness of Japané6s vital statistics system
kos@k)system. The decl arations of births, demi
family registration | aw by updating the fami/|

has gained ubiquitous recogniti oinomnldi ps lwetdwe
di fferent member sThdr eaf areey,i sttheer eMS fsaumrivieyy. can
demographic dat a.

Moreover, this study uses the NLNI dataset ob
Transport and Tourism of Japan for the geogra
infrastructur e. I n Japan, thefBamati bawUonl Pe
enacted in 2007. Consequently, the use of geo
future economic society, and the government h
Additional l vy, Ptriopeno"tB aosni o fP |Germ sfpart i al I nf or mat
on the progress of information technology and
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to realise a society with efficientltyhwaand ext
everyone can use this information anyti me and
sophisticated analysi s. Based on this i1idea, t
Tourism became a governmentdcNametidal ornf anmo
downl oad service" was developed as one of the
There are 61 kinds of eight data classified o
categorised by | aawm. tlhtati 9 nd patmsa la bioruft o r" mvehteir e
the "Digital Nati onal Land I nformation" is a
|l ands such as terrain, |l and use, public facil
nahab | and policies such as national | and pl a
This information is maintained as GIS data. T
into the foll owing categories.

Tabl eN&tilonal L alndl rmMfuarematciaon, Categor.i

Designated Regional | The Three Major Metropolitan Planning Areas,
Area City Area, Agricultural Areas, Forest Areas, etc.

Coastal Zones Fishery Ports, Tidal and Marine Facilities,

Coastal Zone mesh. etc.

Nature Altitude and Gradient Tertiary Mesh,
Land Classification Mesh, Climatic Data Mesh, efc.
Land Related Publication of Land Prices, Prefectural Land Price Surveys,
Land Use Tertiary Mesh, etc.
National Land Administrative Divisions, Coastal Lines, Lakes. Rivers,
Skeleton data Railways, Airports, Ports, etc.
Facilities Public Facilities. Power Stations, Cultural Assets, etc.

Census of Commerce | Census of Commerce Mesh. Census of Manufacture Mesh.

Census of Agriculture Mesh, etc.

Hydrology Basin and Non-Water Catchment Area Mesh. etc.

Sources: http:é¢/inhdeéyp. Imimkt . go.jp/ ks]

The data required to apply the analytical mo d
demand point | ocati on diantfarsaestt rwictthuirne tlhoec asttiuodr
dataset connecting the demand points and infr
dafThe acquisition process of these data is in

4 . -Pemand Point Location Data Acquisition

As described in Chapter 3, when studying spat
into seveahystseatbfrpasaas basic units for anal
basic unit of the national census for divisio
anal ysis area is then used &sd st sd uddegmand epnpitrs
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Google MapsoO poi ntOpceefn Sit maecaNtlLNEHtp d aRet)it gdaaiteav,t h e

accessibility of certain infrastructure facil
point. Demand point information about various
sources. To apquntedahasdemahdthe research ar

software platform, and the centre point of th
area. Then, the obtained candidate ddmamhappoi
(obtained fraomdNCMlbsgbesPOdssed previously) | aye

the final demand point for the relevant publi
the higher the cal clueé aitmnderx acfcutriae yop eHoateivemn ,
Because the main purpose of the spati al acces
to quantitatively describe their spatial di st
sudyelseever al representative residemdi BLNhreat
to participate in the model operation to redu
cal cul ation accuracy. Thenr etshee ssep aetcit ald eadcecneasnsd
measured by conducting inverse distance weigh

of different typescame omftraasntdudtour é ufra dielri @in

The cdgdaloen of the representative residential ar
principles:

AQ)The sample residential area should be repres
structure and | ayout odaméreorsedienmitlear atrce at Isd
surrounding residenti al areas, and the road
net work features in the area.

2)The spatial distribution of the selected res:s
spatparlatsieon between t hl&ml|lomeulreé be no | ess

B3I n order to facilitate the acquisition of tfF
residential areas should be basically consi s
corresponding to the wurban planning area. Th
the selected residenti al areas can be obtair
corresponding to the nationatcepohential sur.\

4 . -Bnfrastructure Location Data Acquisition

This section describes the NOIREkE dNaiN&a dait hi s ad

originally created by various agencies, inclu
Mariti me Saf ertiyolAg edicyi,t alr edataa groups concer |
The NLNI provides necessary data to each mini
pl an. Data devel opment was started s eagtuae nhta vad

been created at each ministry and agency, and
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I nitially, the NLNI was created for the for mu
devel opment plans, such as ehée RNRaanomaad «Qampo
Pl an. However, data were provided to public a
fields. Currently, the use targets are expand
through the elrnt ersnatat aHdwewmat is created for

agencies, numerous data fcoalmaetds gdeon enroal c®IrS essc

i mmedi ately representing the downl oaded NLNI
representation becomes possible by using a sof
Converter Tool) that converts the NLNI data i

As discussed, the NLNI was developed by the N
leiti tute as the basic numerical geographic da
can be categorised and quantified to the exte
of the NLNI are as foll ¢®3: ChobhrpeB83i flanbuee, r é
rel ated, |(@mn)d MN«&«tqilaantadmci |aft i cenamegdr7c(e8BCe Myus ol o

Specific data include geographical factors, s
railroadses)] akasd sohbhsi dence areas, c¢climate v
roughly divided into two types: (1) raster an
and dot, Il ine and polygon data are based on v
Mesh doatda @i region with an orthogonal | attice
|l atitude |l ines and encode the statistical dat
mesh) for each | attice. Meskardi viegiom omeshhesy

Primary mesh corresponds to the topographical
corresponding to a topographic map of 1/ 25,00

vertical and horizontali aegt mesdh. (Feftehenmnoer e
obtained by dividing the secondary mesh into
tertiary mesh is 30 s in the |l atitude directi
kM, e&endcentthire | and of Japan is divided into a
presents representation process of mesh dat a.
|l and use (a). This map i s di vi dae dc ebryt asienv esriazle

the |l arge | and area contained in each | attice
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FigurieRepresentation Process of Mesh

(b)

(c)
Point data belong toimtotmattygpebgndopnbvidem
to represent the | ocation of public facilitie
School, as an example of a public facility, i
mawith a red circle (a). Point data can be ex

(b) .
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FiguriRep.rsentation Process of Line

=

Polygon data represent an area of surface inf
as surface information by utilischgsedcaponpeasy
generated by connecting |ine segments that <co
metropolitan planning areas, forests and | ake
polygon dapaesEngeréedvéheschosl sedhieon i s expre

Then, polygon data are expressed by concatena



I n addition ft@or mhtes,e dtoabbl elatlaedger ) datad ar ¢
(ledger) datadé are obtained by extracting onl
I

ine, polygon and mesh) and inputt/hisrgnami & nd al
records of storm surge and tsunami disasters
As these data do not include position infor ma

correlated with mapep tcerheaiadi pwliated.n t he
4 -&el ection of Infrastructure Facilitybés Scal
This study entail sandeNusdle dat ®@peonSbvbeat Mappa

infrastructure facilities and residenti al ar e
and 8 analyse the impact of demographic chang
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housing demand, respectivel y. I n particul ar, C
| ocati onal di stribution by analysing geograph
about the service caparcetyl andr sqgualredfi mazdd
spati al i nformation. Although different analy
to measure the size of housing demand. | n the
desisgmhaaown i n Table 4. 2.
Tabl eS&dal2e I ndicators
Ty pes Indi cators
El derly care Maxi mum acceptuashkel
Primary scho|{Number of teacher
buil ding are
Housi ng Contracuedtasadae
With respect to elderly care facilities, Chap
measure of service capacicthy.o sResg arhdei nngu nsbcehro ool f
number of teachers, as well as the building a
(service capacity) of the school. Chapter 7 e
Mor eover, t hnedidcaattao rosf atrhee sneoti only obtained fr
to relevant data published by government depa

4 . -BonnectibDat &oAanqui si ti on

4. 5Rdad Network Moafreiilcnigmpeadance Cal cul ati on

With the deep understanding of spatial access
measurement model, road network modelling has
accessibility amel yisi g.enlerraaflfliyc oibmpae dhaenrd t hr ou
which is a typical topology network. The thre
Geodat abase provides a nredaddeek woa ke Id aft eans eshismu
net work el ement s, connectivity, attributes, d

net wor ks.

Mul tiple network paths can be taken bet ween t
characteristics of (despeaensen, ttme,i mpetdanetc
small est. Thus, in the spatial accessibility
according to the shortest path between the st
poiing smainly composed of three parts (as showt
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Figuriel he. Di st ance Between the Starting

| | 8
D

t he -Cf irgeuprree,s et s ftrhemlti me ast antsitmgpcgoi nt to
road-Dnetewarels;en@s the network distance bet
rting point and the enea eparemsenttesd tthoee tlh en eta
restd node to the target point on tCher erfoeards
the shortest path among all possible traff
shortest path analysigomethomd. mahel yhomntceé
orithm and the heuristic search algorithm.
wor k analysis of GI'S, the traffic distance
usi ng aysniest wwwordku laen a(lnet wor kanal yst), proxir
in) operation. The calculation process of

rch for the nearest point C onett heetr ola;d Qel
|l inear distance between each starting poi
the point D on the road network closest t
tanc bet wete na neda ciht st acrogrerte sppooinndi ng poi nt D
rtrest network distance between Sets 1 and
3 to get the shortest distance between th

(0]

s studyatukies data i n-ttime NKhNIlor gnatt @a oand r oena
ormation centre to obtain road network and
Japan. The attribute fieldsdof tHe Tamelad

ti me period encoding; the data collection int

per
roa
A (

iods I n 24 hourmeg 8dedRfrdmisi mbeOroad co
ds indicatersoadcdecamndirteispromn.diige road condi t
unbl ocked) , B (slow), C (congested) and D
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Traffic
t 287
B
e e
D

Tabl 6TBHe 3HIi stori cal Dat a
0 é é

éee

t
A
ée é

éee

éee

é
C

t he
driving
(this
Tabl es

anal ysis report of the Road
speed range and speed start
study dadesmbinnédss es eNAA\NN d adrayt aa n
4. 4 and 4. 5:

According to
data, the
and grades
are shown 1in

Tabl éDAL 94i

ng

Speed

Range

Conditio

Seve
Conge

ri conges
S

S|l ow

Unbl oc

Hi ghway

V<10

100VO]

20<VO/4

V>40

Pr i niRaorayd

V<5

50V01

12<VO0OZ

V>25

Secondar

V<5

50V01

10<VOZ

V>20

Tabl éDAL Bi

ng

Speed

Start.

ng

Val

ues

Sever Sl ow Unbl oc
Conges
Hi ghwa 15

Pr i nRaorayd 12

Secondar 8

Conditio Conges

30
20
18

56
40
30

18
14
10

refer to the nur
speed

di fferentti dmsnecsarmfl

tt hrea vved h iscpleee ds hodfu | d
bet ween the vehicleobs
roads with

actual

onship
speed

ned:

The

r el and

at i
travel of

obt ai

|
11
N

(04]

e

(Equation 4
driving speed under idi ffer
di fferm@mits rtolaed stoanrdti itn g n\wse
S ple esd st hoef iodhinfbfeenreesn to fr oaacdt
number of | anes for dat-waygol areds | olmut st hdheaal
oneay | anes. Therefore, the wei soft henhen unnubrebr
reference Ilmmesl.anfdhevaledes ear e Tabl e

Whemwei s the actual
corresponds to four
di fferent road grade

v al
shown i n
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Tabl 6Rf érence Lane Val ues

Grades Number of Refer
Hi ghways 3
Pr i niRaorayd s 2
Secondary Road 1.5

. 5DR2iving Speed Calcul ation Model

the spati al atcoésasbiruictyrevéalacati omnesf re
|l ected as the traffic i mpedance indicator.

ad network wild.l have an i mportant T mphactsoao
e road sysskeimst o hi csalstwadgd condition data t
fferent road grades to reflect the actual t
ch selected residenti al area.

o ptl readwe | has certain regularity and stabil!ii:

ction of road without considering trabfic a
(unbl ocked) , B (slow), C,(a@aangeddhteend )t harodi g
erage ddalecdloatiioavn ,ng formula can be used to

TF —? B=ya B|zqp@ Bpzqm BpZym

(Equation 4

re@pr epresents the average speed of the road
ndayrepresents the speed of the road under
ndi ticoanisc.ulTahtei on of this SBPBHEBOIASI BlOased on e
spectively indicate the number of statistic
d severely congested.

order to make the calaqd altewels pefedr daed treet
nual speed i-Meak earyqglea, i msiang@ntehe foll owing
B- 1%
T 2t

(Equation 4

re@pr epresents the aver age rseppereeds evnatesu et ehpek Iayvwe
eed corresponding to different mont hs. Fina
|l ues calcul ated based on Equation 4.1 are a
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spee@ds obtained.

T+
(Equation 4

According to the driving speed calculation mo
added to the road attribute, and time i mpedan
by the following method.

Travel'ﬁl'I jk:'q“ 60

(Equation 4

Here, ShapelLength is the | ength of the road.
the speed unit is 6km/ hé. The final time i mpe
mul tipl.iied by 60

46-Summar y

This chapter provides an introdsuctional o eBheaec
how to obtain data related to each analysis e
calcul ation ideastiwonvy &l ve&gpeicn ftilte drmaad anal ysi
combining spatial data, attribute data, and m
of each chapter.
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CHAPTBR

POPULATI ON TRENDSRANDRUCTURE POLI CI ES

5. -1ntroducti on

The ffoomsapters clarify the research questions,

this study wusing mathemati cal model s, combi ne
popul ation decline on infrastr uwdtswrues selsa rtrhien @
Japan's population changes and trhel atoend emalsi ooi
based on government statistics and document s,
for the analysischaptoédressublsseqatentct hmreeof th
5.2 provides a detailed introduction to the c
Section 5.3 reviews the content and dmpacsses
the prospects for future infrastructure plann
Japan's socioeconomic conditions. Section 5.5
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published by the Ministry of |1 nternali nfefefrasi,r s
which was 88,831 in 2004, decreased to 81,414
construction engineers also decreased from 21

decr &Kasm )o,( Il nagaki )and Kitazaki, 2011

Maneyngi neers involved in such infrastructure ¢
compahherse are many high school and technical
weight of t hlen edadcairtl iyon o ffhuttduer. en uensbteirmaotfe spr od u
and | abour workers in the public affairs sect
services sectors show that the number of worKk
people willojncmaaaslki (Kadmi Ki t azaki ne2zesspryTlh:
| ohgegrm aocdnsumeng efforts, such as recruitmen
medi-tutmoh @ r m measures, t o -rreeltaatiend theucmhanni craels oaunrdc
sge.

5.-Bomprehensive National Development Pl ans

Since theWorld War II, Japan's infrastructure development has been carried out in connection with
economic planning. The Comprehensive National Development Plan (CNDP), whichtisral

land plan, was a spatial expression of a development plan for economic purposes. It was formulated
from the 1st to the 5th Plans from 1962 to 1998 and stipulates the ideal state of comprehensive
national land development. It is based on the Natiband Comprehensive Development Law,

enacted in 1950 by the Economic Council. In addition, under the National Land Comprehensive
Development Law, which is a highkavel plan, longterm plans for public works were carried out,

such as for roads, parksycahousing. There were also regional plans, such as the metropolitan area
development plan, Kinki area development plan, and prefectural development plan.

This sectionconsiders how infrastructure development plans have changed during the age of
population growth, by looking at how infrastructure development has been dealt with in these plans.
It mainly targets the CNDP, which has defined the direction of infrastructure development in Japan,
and focuses on the relationship between the infrastrudauaopment plan of each era and its
timeliness, spatiality, efficiency, fairness, and sustainability. This is to consider how to plan for
population decline, by giving an overview of social issues and the modification of infrastructure
development plans.

The Comprehensive National Development Plan, specifically, directs infrastructure development
across the entire country; and, based on this, the metropolitan area development plan and the
regional development promotion plan, including the regional itrfreisire development, are
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formulated. The planning system has an upper plan, influenced by the Comprehensive National
Development Plan, and low&vel local development plans. Plans for each infrastructure field are
being drafted.

The following sectionsummarise each Comprehensive National Development Plan, while giving
historical context and details of infrastructure planning at the time.

5.3.1- The First Comprehensive National Development Plan (1CNDP)

In 1960, the National Income Doubling Plamas implemented under Prime Minister Ikeda's

Cabinet. The plan proposed the Pacific Belt Zone concept as an advanced industrial lacation.
order to improve investment efficiency, investment needed to focus on a specific region, that is, the
industrially advanced Pacific Belt region, which was formulated with the idea that it will contribute
to the national economic growth of Japan. In &ddj in order to utilize direct investment in

production, priority was given to the enhancement of industrial infrastructure, such as roads and
port facilities. The term "sociahfrastructuré was used for the first time in Japan's economic plan

in the 1CNDP.

However, from the time of the formulation of the National Income Doubling Plan, there was
concern that investment in areas other than the Pacific Belt would be postponed, leading to
widening disparities. This generated fierce oppositionégtan. Therefore, in 1961, the Economic
Planning Agency established the Regional Economic Issues Investigation Committee as an
affiliated organization. In its report, "Regional Economic Issues and Countermeasures”, it stated
that it is essential to harmiae the principles of efficiency and necessity as the basic policy of
national land development. In other words, development is based on investing a little social
infrastructure according to the ratio of marginal capital to income, to obtain laagginal income.
This is guided by the need to balance political and social freedoms with safety and stability. It is
necessary to consider the balance between these two perspectives.

In response to the above flow, the First Comprehensive Naleedlopment Plan was formulated

in 1962. This was a plan to promote the underdeveloped region. The base development method was
set up, and Japan's territory was divided into overcrowded areas, maintenance areas, and
development areas. The government aitoetiake industrial production more efficient by setting

up largescale development areas in the Pacific Belt and elsewhere.

In the 1960s, the government drew up a grand design for infrastructure development and
contributed financial resources againstiekground of "big government". During this period, it
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was clear that investing in the industrial base mainly in the Pacific belt area and ensuring fairness
between regions by redistributing the income obtained there would contribute efficiently to the
development of the nation, and infrastructure. The targets of investment were basic infrastructure,
such as established large agglomeration areas, bases in metropolises and industrial areas, and main
roads and railways that connected those b@#es Kitazume and Asami et al. 2013)

5.3.2- The Second Comprehensive National Development PI§RCNDP)

The rapid economic growth of the 1960s promoted the further concentration of population and
industry in the existing agglomeration areas, and therewrasern about the shortage of
infrastructure and industrial land. In 1964, the Act on Promotion of Special Area Development for
Industrial Development was enacted by a member of the Diet, and only the area within the Pacific
Belt Zone was designated fodnstrial development. Under these circumstances, the new
Comprehensive National Development Plan was enacted in 1969. The plan set out the basic
skeleton of the infrastructure and included the nationwide Shinkansen network andszddege
development piject, and the grand design that is the basis of the current facility development was
drawn.

The large scale of the plérelped bring aboutpid economic growth. However, in the latter half of

the 1960s, this was accompanied by increasing pollution and associated diseases, such as asthma,
Minamata disease and Hiai disease. Around 1970, solving environmental problems became

major politial issues, and there were many criticisms of those policies that prioritized economic
development. Then, in 1971, the United States decided to suspend the exchange of dollars and gold
and to impose import charges, causing the Nixon shock.

Under these citamstances, the Kakuei Tanaka Cabinet, which advocated "the plan for remodeling
the Japanese archipelago,” was established in 1972, and promoted development in both large cities
and regions, while being based on the 2CNDP. According to the plan, conretilapanese
archipelago with higlspeed transportation networks such as highways and bullet trains was

believed to promote the industrialization of rural areas and solve the problems of depopulation,
overcrowding and pollution at the same time. Howeveg eesult of the archipelago remodeling

boom, land prices nationwide skyrocketed. According to the 1986 White Paper on Land, this was
caused by factors including increased demand for land for commercial and residential use,
increasing urban populationgychthe boom in archipelago remodelling. This was caused by
speculative land demand, and the price of land rose significantly, regardless of the area or use. As
land prices continued to rise, land became a target for speculation, and the land myth became
edablished. Soaring land prices have increased the value of land assets, but have made it difficult to
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acquire public land and delayed the development of livatgtedsocialinfrastructureln large
cities, sprawl to the suburbs progressed, hindethie effective use of land.

The 2CNDP also took over the line of the 1CNDP. Under the idea of big government, the
infrastructure development plan as a means to redistribute income from urban areas to the rural
areas became strong. One of the goalseb#sic plan was to expand and balance the development
potential to the whole country for the effective utilization of the national land. The 2CNDP
stipulated that excessive biasing of national land use to some regions would lead to a decline in
economic #iciency, and that each region should promote its own development planning. Therefore,
the plan tried to balance the pursuit of economic efficiency with consideration for fairness between
rural areas and large cities. The 2CNDP was focused on maximfficigrey. It sought to

improve the main axis of the country by prioritizing investment in developed regions, and
promoting devel opment via a O6new networ ko. I n
into blocks, and listed the development directiand projects of each area. It was a clear plan that
the government should take the initiative in infrastructure development. The targets of specific
infrastructure investment were mainly new lasgale industrial bases in rural areas, such as
communicabn facilities, main air routes, bullet trains, and highways for connecting industrial
basegUto, Kitazume and Asami et al. 2013)

5.3.3- The Third Comprehensive National Development Plan (3CNDP)

It has become clear that the adverse effects of the rapid economic growth under2&aiy

include the deterioration of environment and the rise in land prices due to land speculation. The new
comprehensive inspection work to review the 2CNDP was dtarte971, and in August 1973, the
megacity and its countermeasures were announced. It was pointed out that, if the current population
concentration continues in the future, Tokyo will reach its limit as a city in 1985, facing land, water,
electricity shotages, traffic congestion, pollution problems, and garbage problems.

Against this background, the 3CNDP began with a review of the 2CNDP, and the main planning
issues were focused on fields different from the conventional ones. It was to systematieddiy de

a healthy and culturally comprehensive environment for human settlement, which was rooted in
historical and traditional culture, and had a sense of stability and harmony between humans and
nature, while making the best use of regional characteristicgher words, while 2CNDP

mentioned the transportation communication system and the construction of industrial bases at the
beginning, 3CNDP put environmental issues at the beginning, followed by national land
conservation and utilization (for disastgrhousing, and food, energy problems, etc..

The planning period was set to show the basic goals for the next 10 years, taking into account the
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review of 3CNDP and the ultlang-term outlook for the year 2000. The actual formulation work

was carried oun 1975, and the plan was formulated with the goal of 1985 to 1990. Specifically,
3CNDP set up a settlement area concept and tried to promote settlement in rural areas. Different
from 1CNDP and 2CNDP, 3CNDP was not led by the national government, boharasterized

by the fact that the municipalities took the initiative in implementing the settlement area concept.
Regarding the direction of the development of the settlement area, the local government decided the
intention of the residents based on thisttng measures of the area, etc., while considering the
watershed. In prefectures, it was decided to cooperate with municipalities to develop basic facilities
to ensure the use and management of national land resources, the formation of transportation
networks, and the stability of residence. On the other hand, in consideration of the implementation
of comprehensive measures by local governments in the settlement area, the role of the national
government was to promote the enhancement and strengtheniagoofs measures for the
development of the settlement area. It was reflected that, with the end of the economic miracle, the
national government could no longer afford public investment.

3CNDP pointed out that it was necessary to first improve the éms@donment in order to establish
settlements in rural areas. Specifically, according to the notification model settlement area plan
formulation guidelines issued by the National Land Agency in July 1979, 40 areas for
environmental improvement nationwidere designated based on requests from each region, and
four areas were designated based on the intention of the National Land Agency. A total of 44 areas
were targeted. However, although the settlement area concept was an idea that local governments
would create a stable and safe comprehensive living environment, while making the best use of the
characteristics of the area, the method taken to realize it was not much different from the
conventional one conducted by 2CNDP. In other words, the designatioe £éttlement area by

the national government resulted in a national initiative. In addition, as for the maintenance projects
targeted for support measures, such as subsidies from the national government, river maintenance
and infrastructure developmemrojects for attracting factories were focused on. In response to this,
factories were invited in various places for the purpose of creating employment. Along with this,
land was turned over to industry, industrial water supplies, roads, harbors, sesystages were
established, and housing was constructed.

Due to the effects of the secondary oil crisis that occurred in 1979, there was low economic growth
during this period. The regional disparity in prefectural income was widening, and both thel nationa
and | ocal governments were feeling a sense of
concept, modelled on Silicon Valley in the United States, was proposed in a report by the Industrial
Structure Council in March 1980. In 1983, the High Tedbgw Industrial Accumulation Area
Development Promotion Law (Technopolis Law) was enacted, and development was promoted at
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26 locations nationwide. The Ministry of International Trade and Industry's original plan envisioned
one location nationwide with anvestment of one trillion yen, but, as the regional disparities
widened, nearly 40 regions applied for regional designation. The system also set subsidies for
companies in terms of taxation, finance, etc., and the actual public investment was mainly for
companies or industries, such as airports, highways, industrial complex development, and
redevelopment in front of stations.

In the latter half of the 1970s, in the midst of the global recession triggered by the 1973 oil crisis
and with the shrinking puldlisector, Japan was fully equipped with basic infrastructure nationwide,
and the problem of fiscal consolidation became apparent. It was a time when the government
reduced public investment. Against this backdrop, 3CNDP brought a new perspective to dealing
with problems that had persisted since the latter half of the 1960s, such as pollution and limited
resources. It introduced the idea of sustainable development. In response to the overcrowding of
cities and the deterioration of the natural environmeni3BE reflected on the conventional idea of
emphasizing efficiency, which prioritizes development that leads to the growth of Gross Domestic
Product (GDP). However, at its core, 3CNDP inherited 2CNBt#tside of ensuring fairness

between regions edistributing income, and it had a Technopolis concept with the goal of
alleviating overcrowding in large cities and aiming for balanced regional development. Investment
in industrial infrastructure, such as land development, based on the Technopajst comatinued

in various parts of the region. However, due to the decentralization movement, local governments
were required to bear some investment burden for furtlity Kitazume and Asami et al. 2013)

5.3.4- The Fourth Comprehensive National Development Plan (4CNDP)

In the 1980s, nebiberalism emerged internationally, including the United Kingdom and the United
States, and various deregulations and the opening of the public sector were carried out toward a
"small government”, and the utilization of private sector vitality was promoted. In Japan as well,
fiscal consolidation has become an issue since 1980. The idea of formingrdtasaducture

which is the expansion of the national minimum, waanged. The privatization of public

enterprises began, and the private sector business was promoted. Public investment was severely
curtailed from 1981 until 1985, while investment in sotiétastructuredevelopment through fiscal
investment and Bban program increased.

Additionally, the Japanese economy improved from the first half of the 1980s, and the population of
Tokyo began to increase again against the background of the internationalization of finance and
information. The population of Tokyhad been increasing since 1982, and land prices, which had
been calming since the mid70s, began to rise. With the rise in land demand in Tokyo, attention
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was focused on the development of the Tokyo Bay Area. The Nakasone Cabinet, which was
establishedn November 1982 with a pledge of administrative and financial reform, aimed at
national land development centered on urban redevelopment, while reducing the financial burden
by utilizing private capital and selling public land. Under these circumstaheefmrmulation of

the 4CNDP focused on avoiding overconcentration in Tokyo and resolving issues like ageing and
internationalisation. In the 1984 interim report, a preparatory work for 4CNDP, the current situation
was recognized that the centralized ctve of people, goods, money, and information in Tokyo

was a problem. There was an urgent need to formulate 4CNDP in order to correct this. Prime
Minister Nakasone stated that it was necessary to clarify the status and function of the world city
Tokyo in4CNDP. In December 1986, the National Land Council Planning Subcommittee released
an interim report of the 4CNDP. This clarified the direction of positioning Tokyo as an international
financial information city and focusing on its development.

On the other hand, tHecal authorities across Japaised an objection that it was disrespectful to
them. Therefore, 4CNDP was further revised, and the Cabinet decided in June 1987 to form a
multipolar decentralized national land that aims for balanced development of the public land, rather
than finally ©nfirming the high population concentration in the Tokyo metropolitan area. The

target year of 4CNDP was set to 2000, and the basic goal was to build a multipolar decentralized
land. Then, the exchange network concept was proposed as a method for cogstnnctlitipolar
decentralized land. In other words, in order to alleviate unipolar concentration and aim for
multipolar decentralization, it was shown that interregional exchanges should be promoted and
infrastructure development for forming networks cecting poles should be prioritized.

Specifically, "improvement of transportation and communication systems for settlement and
exchange" was mentioned as "formation of national land axis". The proposals also included the
development of 15 airports nationwids an international transportation network; the enlargement

of 15 base ports nationwide; the formation of a ystdndard main road network of 14,000 km as a
domestic main transportation network; the start of Shinkansen development; and the enlarfgement o
some regional airports. As for the development of information and communication systems, the
nationwide expansion of the comprehensive digital network and regnohation serviceThe
development of communication bases and the promotion of netwarkinterregional systems

were mentioned. As a result, ACNDP promoted the development of local transportation and
information infrastructuréUto, Kitazume and Asami et al. 2013)

In local areas, conventional infrastructure development was promotedly ipyestment, while
private funds were invested in infrastructure in large cities such as Tokyo. In addition to the
background that the utilization of the vitality of the private sector by neoliberalism was the
mainstream in Britain and the United S&tidere was also the background that domestic demand
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expanded with restrained fiscal stimulus and urban development was focused on as a private
investment destination. In 1986, the Nakasone Cabinet enacted the Civil Activity Law (Temporary
Law for Promoton of Specified Facility Development by Utilizing the Capabilities of Private
Businesses), and private businesses further increased their presence in the public sector.

In the4CNDP, which came into effect in 1987, in consideration of the fairness dfdoeas and
metropolitan areas, a multipolar decentralized national land concept was proclaimed to correct the
excess concentration in Tokyo. On the other hand, with the progress of internationalization, Tokyo
increased its presence as an internationg| aitd in response to the private utilization and
deregulation route promoted under the leadership of Prime Minister Nakdsége's function as

one of the world's financial centres has been fulfilksgla result, the efficiency of intensive
development of Tokyo was emphasized, and the development in the Tokyo area was further
promoted. In addition, 4CNDP focused on the utilization of the private sector ascewnelapment
entity and source of finance, and the way of collaboration between the public sector and the private
sector. The relaxation of many urban development regulations facilitated private investment in
urban development projects and real estate dpusnt. In addition, the second sector method was
often adopted as an operating method. It was a time when local governments also invested in
infrastructure themselves and cultural facilities, for example, were developed.

5.3.5- The 21st Century Nationd Land Grand Design

The collapse of the bubble economy became evident in 1991 when the Japanese economy stalled
rapidly, and the government was under a huge budget deficit. In the latter half of the 1990s, the rise
of East Asian countries becamegp par ent , and t here were concern
competitiveness. Under these circumstances, and with the 21st century on the horizon, the 21st
Century National Land Grand Design (Fifth Comprehensive National Development Plan, 5CNDP)
was enfored in 1998 as a completely new national land plan. The major differences to past plans
were the abolishment of the wording "Comprehensive National Development Plan" from the name,
that the quantitative goals for infrastructure development were no lorgmfiep, and that the

opinions of Internet users were solicited when formulating the plan.

Although the plan takes over the mipolar decentralized land of 4CNDP, it was stated that the
hierarchical structure between cities would be transformed intoizontal network structure. In

addition, as a regional cooperation axis, the plan was envisioned to organize the regions connected
on the axis, and promises were made to strengthen interregional cooperation. Therefore, instead of
being bound by the ided developing a full set of infrastructure facilities in one local public body,
more efficient investment in collaboration with other local public bodies in the development of
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national land infrastructure was promoted based on the idea of regional caop&dditionally,
joint investment was promoted on the premise of vaicea use. This marked a major shift from the
conventional policy of satisfying general infrastructure development within one local government.

Due to the influence of the developmentauburbanization during the bubble period, the
exhaustion of the central area of the local city was an issue, and it was decided that renovation of
the urban metropolitan area had to be carried out. This was the first time that the utilization of
existing infrastructure was evident in the plan. In addition, under the Koizumi administration after
2002, various deregulations were enforced in urban development, anddalgeedevelopment in

the city center and on office buildings in the center of lo¢escivas promoted.

As for the planning concept, in addition to the conventional-iregional fairness, the

intergenerational fairness of the cost burden for infrastructure development was mentioned for the
first time. Furthermore, it was stipulated thia participation of various actors as maintenance

actors should be promoted, and the importance of cooperation between them was indicated to
improve the efficiency of national infrastructure investment. In addition to the conventional facility
developmet) the provision of resident services was also mentioned regarding the role of the private
sector. This was expected to not only contribute funds to private companies but also share the
business risks, and the private finance initiative method has bectine & addition to the local

public bodies that have been mentioned since 3CNDP, 5CNDP highlights the importance of
establishing a system for resident participation and consensus building regarding the planning entity.
In addition, the scope of what tharivate sector"” refers to has expanded: whereas up to 4CNDP it
mainly referred to companies, with 5CNDP it has also come to include local sectors such as
residents. Furthermore, due to the financial difficulties of the government, efficiency has dmme to
discussed from the perspective of "hnow small investment can make a big diffe(enage.”

Kitazume and Asami et al. 2013)

5.3.6- National Spatial Strategies

In the 2000s, due to the rapidly declining birthrateageingpopulation, and the decline in the

superiority of Japanese industry in the world as a result of ecomgpobialization a sense of crisis

about the existence of the regional economic base began to emerge. Under these circumstances, the
National Spatial Strategies were formulated with the aim of "National Spatial Strategies for

Improving the Quality of Land Suitable folMature Society with a Declining Population.” The

main policy of the new national land plan is to carry out the \&@r@e regional plan with the aim of
correcting the unipolar and uniaxial national land structures. To put this policy into practice, local
governments are required to have the authority and financial resources to implement measures
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necessary for regional management under their own choice and responsibility, and they are strongly
in favor of decentralization.

Regarding the infrastructure devptoent plan, while exchange and cooperation with East Asia are
emphasized, the strengthening of international ports and metropolitan area base airports is
mentioned as a way to play a part in the Asian gateway. In addition, since the Koizumi
administratiorwas established in 2002, many laiggle redevelopments have been carried out in

both the city centers and central areas of local cities under active deregulation. On the other hand, it
is also characterized by the fact that the investment target isnited to the conventional area
infrastructure, but also includes the barfirere undergrounding of utility poles, landscape repair,

and greening, to name but a few, that help improve the quality of life.

The biggest difference between the National @p&trategies and the previous plans is that the role
of citizensas the main body of infrastructure development is increakihgs been claimed that
this is necessary to secure a fAnew pndiilkki c0 ca
expected that every citizen becomes a carrier of public services around them. Regarding
infrastructure, it has been suggested that there should be an increase in maintenance and renewal
investment to cope with the deterioration of facilities. ®htile this is technically the responsibility

of the national and local governments that own the facilities, it is required of stakeholders, such as
local residents, to expand the national infrastructure management in which it voluntarily and
actively partcipates. In addition to the conventional private sector, the National Spatial Strategies
suggested new measures to secure funds, such as mini public offering bonds, NPO banks,
community funds, and town development funds as "small funds circulation."

Furthermore, it is stipulated that the role of local governments will shift from focusing on
self-directed efforts such as attracting factories to emphasizing the initiative and business mindset
of the private sector. This implies that the government will [zbleto take care of the region as it
has in the past. The National Spatial Strategies also touch on the need for technology inheritance
across generations, which is an issue that did not exist in the past. In addition, the concept of
national infrastructte stock management was introduced as a maintenance method, and the
importance of optimizing and prioritizing investment inageinginfrastructure has been

highlighted.

Economic efficiency has been consistently prioritized interms ofigga i f i cance i n Ja
infrastructure planning. The difference is that up to the 4CNDP, the idea of prioritizing

infrastructure development, which contributes to economic development, and distributing the

income as the economy develops was the basisirmg the 5SCNDP, the financial resources of the
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public sector have become tighter, so that the focus of efficiency has shifted to investment
efficiency, which is to achieve a large result with as little investment as possible.

At first, the issue of fairres in infrastructure development was between big cities and regions. The
policy was to distribute the income of metropolitan areas to rural areas, but there were times when
the investment target was oriented towards metropolitan areas. In 5CNDP, iniigaakequity

was newly added as an issue for consideration. This is because the problem of the declining
birthrate and the ageing population had become apparent under the declining population, making it
necessary to consider the appropriate beneficiargdm to equitably share the costs between the
current generation and future generations in infrastructure development.

Sustainability in infrastructure development is another issue that has been discussed relatively
recently. In the latter half of the @9s, the limits of urban growth were becoming apparent due to

the problems of pollution and overcrowding in urban areas. Then in the 1973 oil crisis and the
subsequent recession, 3CNDP emerged with the idea that development sustainability could be said
to have sprung up, such as "the finiteness of national land resources" and "the inability to sustain
high economic growth."

In 4CNDP, environmental sustainability was mentioned from the point of view that the benefits of
the environment should be enjoyedtausably; thus the expression, "sustainable use of the land,"
appeared for the first time in 5CNDP. The 5CNDP also emphasized the importance of sustainability
in a wide range of fields such as the natural environment, agriculture, energy, and industry.
Furthermore, in the 2008 National Spatial Strategies, the sustainability of infrastructure
maintenance was mentioned not only from the perspective of the sustainability of national land use
but also from that of crosgenerational sharing of financial resces@nd human resource
development. In addition, the National Spatial Strategies considered the need to respond to the
increase in maintenance and renewal investment to cope with the ageing of infrastructure, and the
plan focused not only on new infrastruiet but also on the maintenance of existing ones. In the
beginning, discussions on environmental aspects such as pollution and resources were the main
focus, but recently, technical discussions have also been added.

During the population growth period, proving the infrastructure development rate is the mission

of the infrastructure development plan, but the future infrastructure development plan in the
depopulating society has been the maintenance of the existing ones, and considering which aspects
shout be the target of the maintenance becomes more important than constructing new
infrastructural facilities. The main focus is on planning to determine the area of selection and
concentration.
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Also, in the past, it was considergdodto build a heavy, long, sturdy and letagting

infrastructure. However, as population decline is occurring locally, and considering that its rate and
the speed of ageing infrastructure do not always match, ecisssary to consider infrastructure
development with minimum specifications in near future. The minimum specs mean that
infrastructure that can be shared beyond the boundaries of local governments should be shared and
managed on the premise of wideea coperation proposed in the National Spatial Strategies; it

also means that the infrastructure required for each specific area should be of a scale that can be
maintained and managed within the area. Infrastructural facilities should be designed ftarishort

use of about 10 to 20 years so that they can be easily reduced when the local population decreases,
but the quality should not be compromised to guarantee minimum safety.

On the contrary, decentralisation has, in recent years, been a topic of edissidn. When

authority and financial resources are handed over to local areas, local infrastructure suffers a
decrease in users, and it is difficult to bear a considerable amount of infrastructure maintenance
costs with a small number of users, wheth@wvnsizing or renewing. On the other hand, the

number of users of infrastructure in metropolitan areas does not decrease as much, for which it is
costeffective renewing the infrastructure with the same number of users at present. For this reason,
decentrésation of infrastructure development in an era of depopulation will eventually increase the
burden on local governments. It is important to consider the needs and burdens of each district to
minimise unnecessary construction of new and renewal of exisfirastructure. It is also

important to develop the necessary infrastructure nationwide with a certain amount of equal burden
to make possible the realisation of the freedom of residence guaranteed by the Constitution. For this
reason, the challenge is\W to balance the partial optimisation centred on the regions with the

overall optimisation of the entire country. It will be necessary to float funds in metropolitan areas
and then send them to local areas while aiming for overall optimisation. Atntieisitiis also

important not to create regional gaps in service levels, such as clarifying the nafitimalm and
promoting downsizing.

In this way, the infrastructure development plan in the era of population decline is based on
optimising the level oinfrastructure development, including spec down, shortening the useful life
of infrastructure while focusing on maintenance and management, observing population trends
when renewing and mageingthe gap between infrastructure capacity and infrastructure service
demand. This gap management requires the management of spatial p{ahojikgtazume and
Asami et al. 2013)
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The Prospects for Future Infrastructure Planning
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CHAPTER 6

SPATI AL ACCESS TO ELDERLY CARE SERVI CES AN
A CASE STOBNDAN CITY

6.-Introducti on

As discussed in Chapters 1 and 5, Japan is fa
ageing population as opposed to births. Gover
and thageahg will continue to increase. Estim
number of the el derly population itself wild.l

el derly to the total popul ati cen dwinmaln di rfcorre arseed
and el derly care will increase as a result, t
will have a great i mpact on the medical and e
services witl I[f dre meestuifrig ctileen demand.

However, by 2035, when the baby boomer gener a
Japan's el derly care needs, which are I|ikely

downward trend (téeerien milghteaectditfifmirreqqcdue 1t
region). Thus, elderly care in Japan i s expec
and the subsequent era of 'decreasing ,needs'’

advances in medical technology are also chang
providing efficient and fair elderly care ser
This chapter explores the Isypadarad danvineess toh]
accessibility &ealdwpnsi ®ha gmudrucdsa afn t hi s anal
accessibility and equalisation | evel of the d
spati al pnedr stpheecnt iivdeesntai fy areas with a shortac
from a | ack of spatial equalisation in terms

were processed via ArcGI S by applmeisngpft tehei mm
provide suggestions on improving the planning
demographic and spati al perspectives. The fin
| ayout theories (dmakestslkee omgLhmiaptiemt gr atnido
and infrastructure planning easier.

This chapte
as the analysis object bytunérodendsesgof hageun
Section 3 shows the current distribution patt
6.3 provide some context for subsequent analy

]

consists of the following sectio
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appliedalysilBe dhis section also shows how th
this study, which was done to obtain results
the outcomes of which are viewpkersedcvng AecG
shortages. Section 6.6 interprets the results
soeicoonomi c situation of Sendai . Finally, Sect
providing a scientifioc bheepdmadni egenéndetpoie
the context of depopulation and ageing.

6.-Ageing in Sendai
According to the census released by the Minis

2015), the tot ada sp oappuplraotxiioma toefl yJ alp2a7fn, 090, 000
approximately 962,600 I ess than the populatio

prefectures experienced a decline in total p o
expechednieart future. Il n particular, a sharp d
above nationwide, which is expected to peak i
el derly care facilities has rbeeaesnre cdanr rtiheed ed udte r
However, due to the aforementioned changes, i
of elderly facilities, that will cater for th

popul ation to be served.

Figuricseth.dlatiy
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Sourittetsps: / / www. t ohokuandtokyo. org/route_23/

Sendaha€i aytot al popul ation of 1, OBi2, 0an0d (ae st
popul ation denEityTlhd t18t8& pmopuledti on i s exp
2025 (1% Il ess than in 2015) and) .t oSi9mi0l, &r0 0t @ nt
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trends, the rate of ageing is advancing in Se
and above was 239,903 (as compared to 233,525
accounting for 22.8%202%t he tbeabameppkatodno
Additionally, the number of people aged 75 an
to 385,000 in 2025 (a 29% increase from 2015)
Owing eoréehsedin theagoumgp @alnat womk, ntghe pr op
aged 65 and above among the total population

2025 and 35.2% in 2040. Howea ed e cnSetalslea i riesv ae xe
this age grbeupparatfmeenrt 200f50St(ati s)t.i cal Analysi s,

Fi ge2ieAgeing i n Sendai
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40

1,000,000
B = .
800,000 30

600,000

400,000 15
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200,000
5
0 0
2015 2020 2025 2030 2035 2040 2045
N 65+ m15-64 mm0-14 Ageing rate

Sources: National I nstitute of Population and Soc
According to estimates by the National l nstit
ageing rate of all five wards in Sendai are b

of ageing is advancing i8&8%Trai hakubowéad. B%) Waka l
and Aoba (21. 8%) . Mi yagino (21.2%) has the 1| o
that of Taihaku and | zumi, thereby resulting
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Fi gu3ieSeth.dai War ds

Sources: https:// www28ilBBd4B8MNEIBAAX7M09 com/ Sendal

I n terms of junior high school districts (a s
settings), the rate of a(g39.n53%)i,s ftohlel oowesdt bayd vt
and Choumeigaoka (37.4%). Moreover, in some o0
Japan earthquake, one in three people was age

ageing rate, fo0l4.03w%)d. blyheloang giaw@a rate i n thes:
| ower than thawhibthashawsedonasedsunabolre hdiigfhf esrc
di stlreivcetls when compaAddi tbohakl waridn!| eedai , t
75 and above already accounts for more than 5
been the c@seepasritmeeent2 IO St ati s)tTihheasle An gluy eiss
tme i s a severe shortage of elderly care serv
current sitwuation of elderly care services 1in

As of the end of March 2017, St¢tedai clhae/ 43ppo
ofwhich 42,304 were primary insured persons (a
of certified persons will continue to increas
i ncreases.
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Fi g64iecChangesNuimmbetPee@ddee t i fi edlefrar Clacreg Need
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I n terms of future esti mayteeasr so fa ntdh ea bnouvneb esru foffe

dementia, assuming that the prevalence of dem
in the prevalence of diabetes, the number is
in 2035.

Fi ge%iecChangesNuintb etPe @ | eDewetnRgiead 65 +
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It is also noteworthy that the number of ol de

consi sting agfe do rbl5y amedo mlbeove Ag et e aal@ay Ilyoo me
bawyomer junior generations get older, the nu
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| arge cities. I n contrast, due-atge tphoe ud wartri eomt
decrease signidipraeapaye Tberahoekdetl y popul a
nursing care and to r esppeornsdo nt oeltdheer |rya phiodu sienhcorl
revitalize the | ocal communityeamcondengkgdsto

Fi geéidcamiSi yuct BlrdeePeldbypl e i n Sendai
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Sources: Department of Statistical Analysis, Send

The per capita medical expense (National Heal
capi ttaedmngare benefi tibomduntaties JARY¥Y 2246 ,p00 w
average. The total capacisyldbael gdepbyecéaB8 p
aged 75 and above), which is below the nation
| omgrm care insurance facilities is 9047 peop
compl exes iIis &f4®r8e petolpd ecaP@medcrarye oif nd wma@nce f &
par with the nat isoennailora vcertaigzee,n sb uta ptahrattmeonft c c

average. I n addition, the total pambwirtbfthbar
nati onal average.

Sendai was chosen for the case analysis becau
bet ween the Nakakita River and the Hirose Riv
economic | anderadiptei ams @atdemMomogeneous, which
construction and experimental simulation. Fro
current characteristics and devel opment dtrend
reference for the spatial optimisation of eld

further analysis.
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6.-Fhe State of Elderly Care in Sendai

This section presents an overview of the situ

care facilities in Japan are broadly Tdhei ded
out patient Ouypatiedleudeesciali ongsusho kaigo); Re
Day Care 18emiPyiceap(, Tsusho rihabiriteshon); Da
commuibnasgd dayti me nursing care, and services
i 197, Chiikimitchakugatnalt sdwdeirom Kcasinmgeo )f; o rC odven
patients (griouwp MhoimesNi nfchi sho taiogata tsushc
rehabilitatiomermpmrergdaereiiMwPsrl. enyg, Kaigoyobo t su:
ri habiriteshothepr mPcavenfereskeimmogtcommpmal | i vi
1 @l 1071, Kai goyobo ninchisho taiogata tsusho

The occupancyyetrypmperimclhedadaé s h =s etirnv [Keaeisg ofraocjiilni t
fukushi)  Lomigsrerh sawwar e hoetal-t B »f &aii Igiotriog s n()hok en

Sanatorium medical facil-teimsdsapoief (ctheKeaeilgerly
ryoyogata)iliyonghicaets® or -dbeegisgpmat ead ufgaavielrintme
1+ Jo7 Tokuteishisetsu my@Qdkmmuwslmial isnegi kcaatrseu fkoari gd e
pati enmt sl A o7t Ninchisho taioga)@ohkmyo#iiasegdkat :

wel fare care facilities for the dglxdefby that

2 W o3 17+ do7 Chi i ki mi ¢ ¢ hjaikru gfau kau skhaii gsolrios et s u n\
kai)Paily | ife care for per swmased ifvaxmigl iatti edse sfi
1t 7+ do7 ,Chi i ki mi cchakugata tokutprishisetsu n

I n the | atter half of the 1980s, many el derly
significantl-¥9@¥en litn thet mught that the cau:
them were sdpplm edras meansg allurfiagi It hat peri od.

the Temm Care Insurance Law in 2000, medical

services facilities as a measure. Consequentl
i ncrem@gs However, since the | atter half of the
were completed, the number of geriatric healt
the number of welfare chtedf dspkeciaésniiosi nige
el derlyd) increased significantly in the 1990
support measures related to the opening of th
been reduceaed.t e®d etnltegr d oirs t he number to increa
does not increase muc H aasfetde rn utrhsa tn.g-cTahaed enduf nabpeari
el derly homesd) began to increhae guanhiet 2000
restrictions have also been involved in the s

recently.



I n

t

108

his way, although t het ynpuembeelrd earnldy sccaarl ee fodf c

increased signfi fscmpmardty, mé¢hoeurteenfdr @am t he gov

| arsgeal e facili-baesdscab@imMoneist yl t i s thought
ot increase as before. From another passespect
rom around 2030 at the national l evel , i1t 1is

before. The increase creates issues, such

n
f
as
sca
co
ef

As

t

e and the distimi lttei drutawfr eeladchear Ihyo wp & @p Ipe o

mmubasegd facilities. The perspective of how
fectively is also becoming increasingly i mp

he popul ati on oetfe renhndeeerd sy ipnecorpel aes ewsi,t hi tl obnegc

devel op a compr ehlmeresiswe t eanmmthrait t-tyerr o imkald csad a 1t

and

preventiosuplpousi merandcgelsi fby expanding th

i mprovementtsedanr € hey dtoenng and-insouraased sesei acf
Additionally, suppotermgcpeepbygy epéfectiwgl yon
comprehensixareommstietny and building a strong

Acc
of
Mi
Se

> S

Af t
f ac

o

rding t@CGantdeSemMwuirse nignf or mati on Discl osur

Heal t h, Labour and Wel fare amdotvha edatbiyon d

[
d

car e
er al lItyh ed ecnesnet rianl ar-lerab amdarseag.s eAddi tpieanal |

=]

ge
t he
of

t he

|t
t he
Sen
el d

d
e

stry of Land, I nfrastructure, Thaonstpodti
ai

rr sifting through the ,dathae dbotcaitn ed forfom a
l'ity in Sendai can be i mported into ArcMa
facilities in the city. The map shows th

centr al area are gesniezread Ifyadiilmittieadd sari e 112¢
heThi sydi stribution iasi |ldalbielcittly @fr olpaomd iro
number of facilities in the west and sout

s desirable to consider the | ocation of t
eplodpeurllayt i on, who are the target users. Cur
ai are |l ocated in the centre of the city
ri1y popul ation is | argecionsideredtyhaénth

di fference in the positional relationship bet

t he

present. However, it can be seen that the

peui baemsarand the suburban areas outside the <c
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FiguTieeEl@d.erly Care Facilities Spatial
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s .gheton Vi ket
- < m/gmoﬁ % auj A T Q
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SourNetsi:on al Land Numeri cal I nformati on database,

In terms of the number of el derly care facild.
i's i n Wakabayashi at 11.72, awhechges($51idhb)x | y

in Aoba is the | owest (9.22), followed by Miy
Japan Medical Analysis Platform, 2021). Thus,
bel ow the natieomal eaveal ageil nIheate the seriou
di stribution of elderly care facilities in th

Due to the high density of buildings and over
capacity of some Tamctkdti ea RPORatednheeremssof
el derly care facilities per 1,000 people aged
a62.77, foll oWMegahbynohatr 86e9bn while the rat
(79). 3Wwere above the nati oAabaayv60ageé)( «w8re7al
considerably higher than that of the national
el derly care service suppel ywumbegaciotfy ciameSeasnmnad
aged 75 and over, all wards (Aoba: 72.48, Wak
Mi yagino: 75.09) were noted to hav(e Jhaipgahne rMerdai
Anal ysis Pltaweovrenr,, 2tOh2els)e. fi gures al so show ¢t

di fferences in the number of care staff in Se
To respond to the ageing society and establis
|l omgrm care, the Japanese government issued a

Promote Comprehensive SectuarimiyQaeorfd Me@o m@amb niClay
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was passed by the ordinary Diet session in 20
6comprehensive community care systtemdn (charrtei cl
i nsurance systemrefibasavem obmmbaei 6gompre syst

baby boomer generation wil/ be over 75 years
| ohgegrm care, they will be able to Iive on the
steasg of their |ives. The | aw aims to build a f
6housingd6, 6medical careb6é, Onursing caredo, O0p
However, three major probl ems hi ndreirt yt hcea rpa osm
The first is the financi al problem. As the po
and Japan's budget deficit is on the rise. So
but in 2016, ot haeb oruat elsl 6wegmnti dpg oth yen, whi ch w
words, the average annual social security ben
yen per yealapuauar Maddeaaddnial Byi 2 0R Daatbfiybem, t B
boomers wil/ be over 75 years old, the pressu
especially for -medmcaadr earlen alma@ctd ongccording
and Wel fareds RevisionecfurFayuEapEstsiemat &ar e
2015 to FY 2025, pensions will cost about 56
macroeconomic slides. However, ¢{#{tle mcecatre iamweo
expected to expliodde ofnr oyne na btoou ta b500utt 75 tril |l i c

The second problem is how to respond to the r

declining popul ation. Thet edreimacnadr ef otre nniesd itcoa | b €
| agteage el derly (75 year-stapbd ailvdeglemrc6®ohan .-
However, according to the National I nstitute
popul ation estimates ( medsituang ee setlidreartleys,) ,whtihceh
million in 2B00t 2Ol mMmi rkeaoch in 202%tade@ aealddet
2020 wi || be about 1.3 times, in 2030 about 1
Therefore, the metdeircnalc acraer en eaendds twa e illadithngc riem sie
areas, waiting |ists for special nursedergl yhome
care facilities wild/l become even more serious

The third problem is the responsae ntgo ttohd heki D&
Design 2050 of the Landd announced by the Min

in July 2014, the areas where the popul ation
will occupy morent hees608&noifak hareasrelt is p
areas willksibdennomal . Looking at this by popul a
become, the greater wil/l be the ratwarods ,potpawl
and villages with a current population of | es

popul ation in 2010 will be halved in 2083, wi
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areas, the popul atiabouwi UI0DO TB@absss@bhé&h mMmabhs

of depopulation in these areas will be about
decline rate (speed). As a result, muni ci pal.i
crg siin their financi al base.

The ways to solve the three aforesaid problem

measures that can be considered is, as pointe
Compact City6, owhitdahr 6 otmpe efhiesnisorve community
6compact citydéd that aims to consolidate the p

efficiently and effectively prtoevrindec asrea viirc etsh ¢
central-geadithwigbusing and community spaces o0
extremely i mportant to anadtgsen theeapprcopriiate
determining the distribution and the forecast

ch ans
e to t
rm. Cu
mul ati
stribu
d the
l ati on
) the
opl e i
arby f
en und

QD
=]

nal gbosely related to the problem of
rapid development of GIS, it has b
ently, few analysaeasd WeaoGI(R200m)]apd
analysis to outpatient facilities

on of the elderly population, facto
umbeanoénpeopt eewhacicli ty were al so

hip between the facility | ocation an
| derly people in the <city tcheenterledse rclay
the mountainous areas cannot receiyv
cilities and that (2) the percentage
t he restamgiectdii en amfc et lnd M@a>»i mmmi s |

- O C C
-
> - o

O n - a W

® > T — =
< ® ® » ®d® >
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Il n addition, Takahashi, Odagiri, and Uchida (
| ohgegrm cared by dividing the Voronoi-tdramgrcame
faci |KafiesCiitny, Yamanashi Prefecture. The anal
people regermiogréong | arge i n twheesteemt mpeardHf,
idea is to prioritise facaltetaygy dévehephMenodonoi
greatly between the two regiohsrmanar desérdweisc.
normterst ern part, the range in which one facild:i
Furukawa ahi) Nandloyed t he placement probl em
Voronoi partition in Komatsushima City, Tokus|
selecting the I ocation of a facilstgf ftolme tfhaci
should be grasped in advance and the i mportan
clarified. As described above, it has become
the facility | ocmd iothu diod 9 cti lteasst. aphelrye talre st at
rationality of the facilitiesd |l ocations in J
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6.-Data and Met hodol ogi es

6. 4D4dt abase

The 2015 national census was selected to prov
i nf oromatf orThaen ad egsgrsaphi c data of residenti al

obtained t hrTohueg H otchae i MInNla.nd scal e of hdeaei faci
kurashi (@& MmaybigQPdd), the geographic informatio
Public Relations SectbBendaGeTted gdg Aifrfagirmast eBur:
of elderly people in each 6esddEhf€eanlyaHeal wh
Wel f aamnéd NRIlr si ng Care | nsiRrO®2mBc e nBwcd ierde sy R lhaen Hz

Bureau, Senior ®Pémdail ngitdOysi anahysis, a geogr
established through ArcMap, |inkingtdemandapae
the accessibility rates of eBdeelwl caneiables
introduced in Section 6.4, were iIintegrated an

in ArcGI S. FimappyngthendAtcMapwas used to vis

The establishment of the database commenced b
vectorise the administrative map of c®emdainadre
system. Thuisp,oitnhtr,e d ilndewe rasn dc rpeoaltyegdoon and t heir
attribute fields and f 8at uArmeosn gwetrhee ne s ttahbel ipsohier

comprised buildings, the |Iine | ayer mainly <co
|l ines of surrounding cities and counties, and
areas. Thednat at hoef srpeastiidee t aald aid edas | YyFichPre f &
obtained from the NLNI were imported as new |
attribute fields dealing with teédertg ochrehée
| ayer contained fields dealing with the maxim

network | ayer from the OSM deal)l. wihédséeéheat aa
necessary for conducstiinngg naent haonda | iyss i dse. s cTrhieb epdr oi
section.
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Figur@Elbderly CdagveFacility

>

~

Fi gur®2R®&éad Network Layer

_4_,

Wit hr aphied i ncrease in the ageing popu-agéeion at

popul ation, the | ayout of el derly care facild@
on scientific population fovemasnti od. cDmids t wio
with insufficient el der lpyl acnarien gr eosf@ afrasce $l yiatnide s

popul atled tahiemsstudy, the results of the 2015
predict the realuieledmeernitys codr e esgaromi ces based ¢
di stribution patterns of the elderly popul ati
and spati al | ayout of el derly care fam&kilmgi es
suggestions are also provided.
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6. 4M2t hods

The combination of the spatial anal ysi s model
probl ems regarding the spatial allocatTlhinsand
study uses the ArcGlI S software network analys
experiments to identify the areas of shortage
attempts to build an i mproved grtavetyi modef d.
travel costs, scale of facilities, and servidc

Ch
c h

apter 2, the GI'S software is a useful and e
apter, thepmodebedstbusuhértbe characteri st
used to provide theoretical and practical fou
el derly cTahies senalixeipati albasad yems met hods,
the theories and methods of economic geograph

a

st tistical and medi cal data to conduct the

Ba
Ar
mo
Ar
t h

ed onsddlee lmamge and oclptagdiimdd aftrtam bgid vee rdrarmhen
GI'S software was used to establish the bas
ul e Ar@emnStseftware platform to conduct spat
Gis and @Gp%esenvi shel results and discuss

coverage of elderly care services in Send

T O O O Ou

6. 4:Ap.pll i cati on o&r atvNMledyé mpr oved

e effectiveness and rationality of resource
| ater al i ndicator, such as the number of i
e facilities in different regional I nstitu
cilities is influemdedg,byhrumédens yf pctedes.
gamao kita, r 201 7). The di stance between an el de
one of the factors that influences the eld
ccessibility focuses on the distance barrier
siders demand factors (the number of el der
nd the distance barriendbpotwees (hkekesdppt gna
residenti al area and a facility). These three
obtaining elderly care services in different

gravity aloyzé¢ tlme amccessibility of elderly <ca

-~ =+ 0 c 4
—

L O 9D
o
5

As discussed in Chapter 3, the traditional gravity model ignores the influence of different scales of
public infrastructure facilities on residents' usage choice behaviour. Different levels/grades of
public facilities in real life have different levels aitraction for residents. For examppeiblic

facilities such as intensive care homes and sanatorium medical facilities for the elderly requiring
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long-term care are characterized by the fact that older people who requitetongare can move

in with low costs; such facilities are popular and generally have many people waiting to move in.
Therefore, this study analyses these facilitdi
privately conducted facilities. Publicly conducted elderly care feeslire larger in size and have a
higher level of nursing and medical management, which can often attract patients who live far away,
especially those who have intractable diseases or require higher service quality. Privately conducted
facilities are smadlir and relatively less effective in terms of nursing and medical management, and
usually provide basic elderly care services to nearby residents, thus offering only a limited

attraction to older people living far away.

The impact of scale of public facilities on usage choice behaviour of residents is reflected in the

travel time limit (distance) in this study, for example, the location of elderly care facilities from
residential areas exceeding 30 minutes in travel time, is considered as no longer used by residents.
Accordingl y$,06 weo craenp ruessee lmiit (distdnee) of elderly ete fatilities,

6j6. Elderly care facilities$dof and ftere nhi d heevt
facilities, tied.l arger the value of 0

For the same publithdacihetymaf Bebetivesdiobtvam
residential area o6i' and the facility 6j6, th
behaviour. The % boa%dd, btthhee vgarl euaetse ro ft hoi cfSian f | u e
goes b%bo,onidt 6is concluded that residents no | c
t he i nfl WBebdbn cies fuascetdort o6 express the influence ¢
behaviour of residents in residem al area O6i ' . The i mproved grav
(Formula6.1):

(For m@.lla

I n f oor trduydl &r epr es eratcs etstseé bspatiyalof the resi dent

el derly cAceesachblittgsrefers to the convenie
experience in obtaining services, meastuirneed by
spent, and distance travelled) and the )gualit

6 6 represents the sedqvitcheatc aipsa,citthye oma xtihneu ni aa
use®® represents the popul ation si zéed afe paledern
the popul ati on$di zepirmepaat sf a ditero t(;rtaiwneel oirmpdei dsal
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bet ween the residenti3ad iasr eaa |6eVv e la/nsdc atlhee ifnafclit

represents the influence of the elderly care
behaviour sofdeunsteir&ld iane@acedient st he travel 1t i me
above, facilities of differedd; rempeeseéntal ehe
friction coefficient; and ed&dnd amd ed nida crielpirteisees
areas, respectivel y.

For f 6rim@l16af$066 t hen t her e3 toh e ,c omhri ecshp omedainrsg t h

time |imit (distance) i selexeadeadad.r elyn itsh antotc aa
residents. I n the calX@larta omegt atld .eglatt iive n
fomué6.a)( is actually a model of the total amou
| evel s/ scales avail able to each residential a
the popul ation sizetiodnshkisp deeat waen afraaisl, i tihe
travel | mpedan dffereatrsahlestohfailitiesromusearst utiliaation behaviour.

Compared with the traditional gravity model, this improved model can better reflect the actual
situation.

I n this analysis, the distance barrier factor
center point of a residential area to an el de
traffic netiwdrek egpteaatidrs .vairneg asssi gned to differ
Articles 11 and 27 of the Rdé&adiTnafyf isa zAect( cEmp
cal cul ated according to the number of beds in
number of el derly people over the age of 65 vy
popul ation si ze.

The gravadrmwyt adordse |t he tr Wl | fer ida tfif em ead e fvfail aiee

bwhich expands the scope of the model ' s appl:i
measurement, choosi ngbptolsee smas td i SAfdidcdudd ritiecpsr akdbeal e
t hactan have different mathematical expressi ons
obvaries with service type, populatiint char ac

ideal to deter mhree ftalte ladtyyalwhusdéd aefan be done
of users at differeRégdiananeesalfrom20hbe) fase
cal cul at ebutnhdee rv adliufef eorfent di st ance detcialyg f fulnew
data of 439 regions in Germany from 2003 to 2
amount of data and is costly and difficult to
of nmsucletniari o analysi aramemel si p keetoFé@dle.me sssefd

Based on the outcomesamnd TPlfeoddDusf ctnmdi esat Ptk
mai nly bet we &noOVdadndga Bfd2 6026.a2s9u.r ed t he spati al ac
medi cal services in the Chbiectawece narlea amd [1i.ndi
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2. | n addgftoiuond, tthlrae d thteh@arccessi bilityds mea
al uesasienowi t h t hber ail uer dbaug e tdfe tmieni mum val ue
nd (L2ZW0ob05) wused the gravitational pol ygon met't
n Shanghai and c obnmdanfide &i tvie @b strhiwantsc atsteast otfh e

eographical effect i s weak and that the seryv
onsibde2oe de suett@llifheanddyzed the accessibilit
acilities in Beijing and believed that compa
not meet certain urgent medical needs. The au
care facilities is smaller than that of medi ca
and demand) of an el derly care facili®byal se we
of 1 is reasonableenThestaédvectedi byi onmeoetust
the actual me a Rerf ememtc ei g adigfef iodu dmdt helsarf o rwie
have mosbag. ©a( Oxlde gal k2 ; Ding et al. 2016) ,

al . 2016), 1.8 (Reggiani eon@ald. @0HI7,)) . alnrd t2hi0:s
these four values are substituted intobFor mul
values on the spatial accessibility to elder]l

- o < O

- 0O «Q

6. 4:12Zmp2l ement ati on Gratv hMogdfell mpr oved

The OD Cost Matrix is establ i sThheed ttrharvoeulg hs pteheec
based on the | egal speed $émda.iatTChoanws paered tlh emi
di fferent cldansastel so noafl rroocaudise sar e60km/ h, prefectu
roads: FbOGkm/hte. feature data coll ection in the
the main body and a topology network of Senda
topology relat.onship (Figure 6.

Figur2Réad Network with Topologi cal Re
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Based on this network, the shortest network d
areas to 605 elderly car®&® cdacibetfiiesalcianete D
evaluation index system fsotra btlhies hed @l .e(rHiiyn asiedr woi.

accessibility rates can be calculated in ArcG
The i mit tOrafvdlirhialiagdted necledenmd gctcaaneei st t o 15m
t hPeubl i cly conduct edo en odte rc oyn sciadkeer fsaucc N iitnmpeasc t
that each residential area wil/ choose at | ea

Fi g6x®0Operation Results of OD Matri

The specific i mplementation steps through the
is set to 2 as an exampl e):

1. Create a net wor kSedatad g &€th slgaogddtaom nt met wor
the cost matrix tool, I oad the elderly care f
points as the origin |locations, click 6Sol vebo

t heD CCost . dbf tabl e.

2. Add t h® tfd etlDdeCoxst . dbf fOallce.,or df Inrgudtiasttean c e
60 / 40000,3 ,adadn dt h@a $fcile-tadt eexport the result,

t ab3l.edbf .

3. Jion the aebBayemtwialhdbhetabWwe t®,gecdalecuyl atd
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W= popul3a®i,onsw*mmaadzer ding to the | ocation of
and derive the datawthd .obtain a new table Sum

4 . Connect t hee dtbhablteo Sthme el derly oar « afl xail lait
0 =33/ Swm and soOnatacroirzdei ng to the |l ocation of
the data tooobtbdéablne;t he Sum

5. Connect ot.hHébfSumbl e aokeayner recidemnaialt he
value of each residential area to elderly car
vi sualizat4an (Figure 6.1

6 . RepeatisSttepsca&l cul ate the=c@amfdf i18j8ent of f

Fi gurdgAcdc ds sRabidisi®t y i but i on

Based on the accessibility measurement of the
transportatcapacetwoponk, thkefacility service (
comprehensively reflects the actuaThalhodal i o
reflects scientifical hyenhencel ati oesbipibhgt w
and the capacity of providing elderly care se
and to what extent 't he Tsheer vriecseusl tasr eo fa ftfheec tiendp r
showptédeence of considerable spatial differen
area as well as certain spatial regul arities.
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6.-5GM Out comes
The descriptive stati shviad alle samaley siho winhe € mintTd &
from t he t abblva lituteart e avhesn, tthree maxi mum val ue of
mi ni mum value decreases and the standard devi
results gradually shows the characterilstiycs o
evaluation results ar & amidg lalny apem shipteievdes ett @ atbha
selected for calculation.
Tabll4A6écessibility Rates Compar.i s
b = 1., b =1.% b = 1., b = 2.
Mi n 4. 442 3.652 3.394 3.382
Ma x 23. 054 23. 6917 26. 103 26. 47
SD 2.176 2.435 2. 734 3.638

Fro

m observing four sets of bdathd®,dOiat |vaag efroudd

range and greater dispersion degree than the
oofbwere too concentrated and could not aptly r
el derly care services in different rebBidedt0a
for the calculationedfdetrhyg <@atei sleradccessi mi IS
The foll owing were somebof thlke@ :mo uwmti ecnaimme & ad lutea i
maxi mum value is 26.470, and the average valu
values batowubhd®0ed@O0for 28.57%, and accessibili
22.22%. Among the residential areasd,s tthhe &d ge
the accessi bilY)ty svalhuee loofweGitd e rBesii derst it nle airi
where accessibility values are hi gspe,r Huhraons e2 1(
), and ®daiichi (

Based on the above analysis, the results of t
calcul ated wiybhHFocanuld mome laccurately describe
service resources that can actually be obtain
di fference Iin the accessibility Thfeareddeirh yt ltia
section, thezaksUWusesd wtid hanal yse the accessi bi
determine argaesedfaiengeFtivggrdr sl ha iacicteys sriat es ¢
residenti al aredb5aren sSSlecvwdmmii,n thiegurceeg.si bi |l it
pattern centred latrsowtnsdiElreesiid®ti)i .al Takiemg t he ¢
the centre, the accessradiusyi sasegniwfitbant hy
accessibility rates along traffic roads and |
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Fi g ur5éAc6e.els s Rabti e s hiSyyf uAr ye a

i vgameyama

Aeon M;ﬂt 'lorrg\ya O = Q rotgf\‘iidrk “ Q
e e B 25 5 km
g L134-5
Es5-10
~rande; 21 (Miya o
12.9291’:; gpor( ye;v =12’;2 )
4.159 . & i s
2004

W65
Simuyania Shr
s 11 %]

Shiogar
&

Kamafusa Lake
E ]

ioku

k

A
’ Yuriage Harbor.
| 4 ~E@Nator Morning Market 59

However, accessibility is unequal across regi
hi gher than the city's average | evEbuf w8u36),
4. 159) and sout hwest¥,r n3.p3&2) uirsb asni garriefai cCa rdtel
average | evel. Combined with the popuSandain d
Citythe resideateatienaseaandn|! ®&rgely popul at ed,
Kouryou are scattered and sparsely popul ated.

service resources is the most serious in resi
| mproving otri requ etnheldexiwmiace shortage area 1 s ¢
el derly care service network. The residenti al
el derly care services, and the di fd efrernmat ii an

the shortage areal mfordarrtty mare isetrwitciewsel y
in the accessibility to elderly care facilit.i
residenti al ace® stso bt he tyvermndge of the city,
facilities in Sendai was dividedOia®dp, ffaergr
(1-:10049), fai-r.lH0)g,oogdoqd .(501. 70) . 2ttheatant thee se
proportion of o6fairé and o6fairly gooddé grades

el derly care facilities in near half of the r
However, the pr o@foaitri opno corfd ogproaodrebs ainsd 47 . 6 %. 1
four grades exceeds 90%, indicating an obviou

facilities in Sendai



123

Tabl26G6ades of Accessibility Rates

Poor Fairly Fair Fairly Good

(<0.5 (0:055M¢ (1-:1004¢ (1:-150/ (>1.7

Numbe 8 22 26 5 2

% 12.7 34.9 41. 3 7.9 3.2
Additionally, two |l evels of differentiation ¢
services in Sendai The residenti al area with
residenti al area with tdiet il oorwe stth ea cdciesstsriibhb u tiitc
service resources within the same ward is als
ward ranks second biugtr ¢ hried evihtoil &1 sdmuaelgys awietahi n |
accessi bgrlaupy, vaandiet hus the | evel of equalizat
I n the context of the construction of a compa
it is necessary to focus rolny tder e ad earnwieae | rag/ s
increase facilities and i mprove appropriately
6.-®i sparities in Accessibility of EIlderly Car
The scale and number offeslidemlty at¢ame efagcii Ini t ih
have obvious advantages in ,butr adbteiremg aueenss ta
facilities of the same scale are amarangedaad,j
concentrated, such asxin, r2eG.iadehtiadd aD&ia6 Ui
Further mor e ur Alsb6steheen -sibna gFeigahigpgh ar eas ar e mai
in residenti al a raeraas, Minydaigciantoi nagn dt hDeati ntohhe s e t v
advantages for obtaMinyagi emd dies |l rcealfdiadasketrivales.
have service capaciti,dpubolfi cmoyr ec ot nhdaattipt3eld apfeaotpyl |
conducted ffacmilmgi &@srel atively complete hiera
Residential a3pehl|l Dalinpwobanduofppedataetyl cobndsct e
whi ch carne pirdbevntdse wi t h gatah i ¢ fyf ied identl yarcarkei ¢l
When a compl ete hierarchical system of el der|
and the different care needs of heel doevrelryalrle ssipde
accessibility of elderly care services is sup
facilities, it i s necessary to consider not o
of existi mg dfeacitloi teiseasabilnmsh a good hierarchic
At the same ti me, it is necessary to avoid th
are too close together, | eavecinlgi sioene, aaeadsr €a
duplication of construction and redundancy of
to achieve harmony between suppl yv alnude daerneaansd ,c
accessibility s heoxutledn doeadadthoenlroewelassd saand hat t he
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derly care facilities iIis balanced totf§airly
ghway Sendai ni)s hpia sdscewsr @ h(r ough Tai haku, Aob
fveecltyy, connecting various types of nearby el c
ong the route have higher spatial accessibi
affic conditions are clointdyu coifv ee ltdoe rilnyp rcoavrien of
operation of rail transit and ground transp
utes can save travel time, provide resident
our ces anidl iismeptrioovne rtahtee uatf el derly care f ac
ernmentso6é vigorous promotion of a "compact
tes, strengthening the system cfoinlnleictg olml iot
ts will greatly i mprove the accessibility

~+

the western and the -nuobameamepartsoméeé toaei
I

all in number, scattered and slightly remot
vel opment accumul ation. Al thwwoatgihon hien mume cn
|l atively complete, the elderly care facilit
ached a | evel that matches the regional dev
cessibilityatinvelhesmpoamr easoitsheedesi dents o0
near by areas. However, as the increasing t
d infr ggtadwatl urye eigaui pped, the fspaitliiatli e cfe®
sidents in the region is expected to i mprov
the accessibility rates of elderly care se
erages in each residenti al area, the result
t match t heaegediisgersi.b uAsi osnh@own ni 5 ofneguregi ®.nk
efrages, accessi biveartsyelryat ewven tasr oehrpelevoaargeeass, Co n
cessibility rates are hiagle msgeamde Irecwdrd eandd e

tes are mostly distribwtrdani mrtelas. western a
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FigureeDibstlri buti onsRadfe sAdadoyicRnitlaistdy Age iomvg |

xanty
@ @ o o

@ e o

nipel
P
!
{

Thi s mismatch i s dQueen daoil $@iet@y,tr \ot ahnei s antcircema soef i n
and housi ngWWlelmamals asfhiefrt ed t he residential | &
old city area to the surrounding hills from t
situati opmadtdhyerf,i etfhdes t o t he east side of the ¢
and the forested hills on the north and west

devel opment up to 1969 was centreld areasndat de
old city region and public residential areas

(Koganamr@wa 2016) . Due to the underdevel oped c

many residential ar ealsn wehree 1c97n0sst,r uwcittehd tohne salc
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on technology, such as the introduc
cutting and embankment of sl opes s

Figur7egDibstlri butiTowessof New

he suburban residenti al areas devel

el oped aans | yi mglsée denti al areas where simila

d to
ar
C

g
i

Iy

o Mmoo 9 @ T

ool i
ur ba
ec
ul at
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ar di
t he
t he
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t he
eal s
t he
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i n

i n

ng,
n r
on,d
i on

ng
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t h
hou

ve in in | arge numwmbBech dowmuisnggt ke mp
ularly motivated to settle down, an
many cases, the housing complex att

nemrAtbea 2014). As a result, the elderly po

reageohgtlae sr, e svii d derl tddeewhyo awe rteh en an

urthermore, the second ade mareatsi dms fnlodwium

empl oyment, marri age,agetim.gthteesreef o
esidenti al areas is "relative incre
igre nad duittiioooan to the characteristic
"abexcnlgskei vdnt he

these soci al backgrounds, studies h
da9 ,artehae (dGCHiflussilon of Masiyd®R$0t i al a
search on the |l ocation of ao@maomi ni
cul arly,addohdd®etladc h edd srceussisdkeesn ttiheael é
ur bs. Il n the study, an aSeen dcaoimpQistiyt
at the bias in population siZaegof t
sing compl ex. Atatgemthigomei s edi dwmti @&
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progressing rngriodlgy heuéirsttigenerati on and th
generation since 2005.

Sualgei ngt he suburbs is attributable not only
the di agei egei al withi mgtehag®elbdabs2C2THhesh 20
™M eaeap, and it is particularly high in the hi
cent$enad.i Fdrttyh eargneoorheg,t htehe opul ati on i s consp

eardlewel oped residenti al areas exi atm@neuzblay.
These housing complexes were created before t
dependi ng ngn ctome@ iltiiwns, such as distance to s
ol der the devel opameenptn gagga ee,s st. h eMafniaesvt@diroplehekes ¢ e s a
areas are residential areagodsrkeaeabhad onr sl apes
ageohgresidenti al compl exes in hills progress
inconvenienced if the |iving environment and
the dif feerdeenvceel apnmermht peri od of the housing cc
l evel are considered to greatly influ&nmel ahe
to the situation in Tokyo thae wasotidsbossedg
built in the 1970s and 1980s in the fringe ar
ur bani sation policies. This has | ed to a spat
l eads to thd itmammswenriteande ng which in turn in
these areas to obtain public services.

Owing to the expansion of wurban area&as owddhul ti
period, housing comssitbuu dtsi. o Desppdredddc et 0 ntch e a
the suburbs, tranampadr tsa&tvieorali 3§ eisndemy e rail e mtr e a
negatively affect elderly people who cannot d
i s deal isn gnificantlydat hgwirkli feeaomessnbohveyi
the withdrawal of grocery and convenience sto
|l ifelines such asHepnpads tnaoadi mptevesthegiteaffi
will be indispensable to secure transportatio
Similarly, the wuse of public transport, such
wor kdgngg pdpuwnl,a and further decline is expected
public transport usage is declining significa
such as increased usage feespasdibetductgdthas
people with mobility difficulties wil!/l i ncr ea

an area and those who neetdertno cvairsei.t Ttoh @ nhpor sopvie
is vitah aondmaeoatme services by promoting the
transportation, by improving the transit of p
transport infrastructure, includiop@dr oadd., nrei
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nsion of wurban areas wil|l require renewal
ril'y people will increase in the future, i
| opment frha@amndil y deeloxhamrelleyf-or a® aacces s .

ddition, although the eldestgrpopubatbsenb
decrease by more f{lFamgul@o6ti 1 ieo sott haerre ahsa n
n aerledaesr,| yt hpeopul ati on i s expected to incre
he centr al area and also the cityds easte
|l ities and the amount of demand is expect

his way, when considering the opti mal |l ay
ssary to consider the i mbalance in the <cu
ges -iengitdrealsubni t s. Wietrh yt hpeo piun carte aosne iinn tt
ern regions, there i-semamcoacerhactihlittitade
re. An analysis of the rationality of the
| bpulta coenmeamntd of the facilities, the regior
el derly population by 2050, and the physi

he | ocations of the facilities remhln the
me strorugédrani mrtelaes ,persipeci ally in the sub

I n addition, there wil!/ be areas where
ral region, whitdbsfiis dcurFruegnthley mpereer altl yw a
tage wil |l occur in the eastern side of th

he city.



129

FigurBéeElbddr |l y MPopurabubogaeabove)2@rd Predicte
Popul ation Distribution in 2030 (middl
P TR ) © T 7 g )
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