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AnExaminationoftheRiskofBecomingUninhabitedat
theSmallAreaScale:

UsingDatafromtheWebSystemofSmallArea
PopulationProjectionsfortheWholeJapan
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1.Introduction

ThefirstauthorreleasedtheoriginalwebsiteofTheWebSystemofSmallAreaPopulation

ProjectionsfortheWholeofJapanin2016(Inoue2016,2018)."SAPPforJapan"standsforthis

system,whichopenedsmall-area(about217thousandareas),long-time(2015-60),and

nationwideprojectedpopulationofJapanforthefirsttimeoninternet.Thissystemenablesusto

performvarioustypesofdemographicanalysisbymakingthemostoftheadvantageofpopulation
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TheWebSystemofSmallAreaPopulationProjectionsfortheWholeofJapan(SAPPforJapan)was

releasedbythefirstauthorin2016.Thepurposeofthisstudyistoattemptanexaminationoftheriskof

becominguninhabitedatthesmallareascaleinJapanusingdatafromSAPPforJapanandtodemonstrate

itsapplicationcapabilitythroughtheexamination.Weperformedtheanalysisbyapplyingtwologitmodels

tothe2010small-areacensuspopulationandtheprojectedpopulationobtainedfromSAPPforJapan.We

alsoformulatedthe(a)risk-of-disappearingdummy,(b)marginal-villagedummy,(c)non-DIDdummy,and

(d)nonmetropolitan-areadummy.Variableswereassignedavalueof1ifasmallareasatisfiedoneofthe

followingfourcriteria,and0iftheydidnot:(a)Thefemalepopulationaged20-39declinesbymorethanor

equalto50percentfrom2010to2040;(b)Theproportionofthepopulationaged65andolderin2010is50

percentormore;(c)Thepopulationpersquarekilometerin2010islessthan4,000persons;(d)Thelocation

isoutsideofthethreemajormetropolitanareasincludingthe11prefectures(Saitama,Chiba,Tokyo,

Kanagawa,Gifu,Aichi,Mie,Osaka,Kyoto,Hyogo,orNara).Theanalysisresultsaresummarizedas

follows:First,theconditionsatisfyingthemarginal-villagecriterionisthemostinfluentialriskfactorinterms

ofsmallareas'becominguninhabitedinthefuture.Thissuggeststhattheriskisextremelyhighinsmallareas

wherethepopulationissignificantlyaging.Second,theconditionsatisfyingtherisk-of-disappearingcriterion

isalsoaninfluentialriskfactorforsmallareas.Thissuggeststhatthedeclineintheyoungfemalepopulation

insmallareasgreatlyincreasestherisk.Third,thenon-DIDandnonmetropolitan-areacriteriahavelittle

influenceontherisk.Inotherwords,lowpopulationdensityinsmallareasdoesnotalwaysincreasetherisk.

Forth,asaresult,ithasbeenproventhatSAPPforJapanhasacapabilityforthedemographicanalysis.



forecastingonaper-small-areabasis.Infact,thefirstauthorhasindicatedtheefficacyofthe

systemthroughafewdemographicanalyses(Inoue2018;InoueandKomatsu2018;Inoueand

Inoue2018).Thepurposeofthisstudyistoattemptanexaminationoftheriskofbecoming

uninhabitedatthesmallareascaleinJapanusingdatafromSAPPforJapanandtodemonstratethe

applicationcapabilityofthesystemthroughtheexamination.

RegionalPopulationProjectionsforJapan:2010-2040practicedbytheNationalInstituteof

PopulationandSocialSecurity(2013)assumedthatpopulationmigrationrateswouldconvergeto

acertainextentinthefuture.Incontrast,theJapanPolicyCouncil(2014)assumedthatmigration

amongregionswouldnotconvergeinthefutureandthat,asaresult,theyoungfemalepopulation

of896municipalities(49.8percentofthetotal)woulddecreasebymorethanorequalto50percent

by2040.Ofthese896municipalities,thereare523municipalities(29.1percentofthetotal)whose

populationislessthan10,000.TheCouncildesignatedthemunicipalitieswherethefemale

populationaged20-39woulddecreaseby50percentormorefrom2010to2040asthe"citiesat

riskofdisappearing."Inthemeantime,Ohno(1991)advocatedthenewterm"marginalvillage"for

villageswheremorethanorequalto50percentofthepopulationisages65andolder.Marginal

villagesfacedifficultiesinmaintainingtheirfunctionsascommunities.TheRuralDevelopment

PlanningCommission(2006)surveyedsomeproblemspeculiartothemarginalvillage1).Several

studiescriticallyandempiricallydiscussedthepossibilitythatthemarginalvillagewouldbecome

uninhabited(e.g.,Sakuno2012;Yamamoto2014).

Asmentionedabove,theconditionofbecomingacityatriskofdisappearingfocusesonlyon

theyoungfemalepopulation,andbycontrast,theconditionofbecomingamarginalvillagefocuses

onlyontheelderlypopulation.Adeclineinthenumberofyoungwomenwhoreproducethe

populationleadstoareductioninthenumberofchildren,whicheventuallyresultsinpopulation

decline.Furthermore,areaswithahighpercentageofelderlypeopletendtohavearelativelylow

production-agepopulation,whichmakesitdifficulttomaintainthecommunityandpromotes

populationdeclineinthearea.Althougheitheroftheaboveconditionsisafactorinpopulation

decline,therearefewstudiesthatcomparethetwoconditionsintermsoftheirinfluenceon

increasingtheriskofbecominguninhabitedinJapan.Thisstudyattemptsanexaminationofthe

riskofbecominguninhabitedatthesmallareascaleinJapanthroughademographicanalysis,

specificallybyapplyinglogitmodelstothe2010small-areacensuspopulationandtheprojected

populationobtainedfromSAPPforJapan.Sincethisanalysisdemonstratestheconditionthat

providesmoreexplanatoryfactorsfortherisk,itisalsopossibletoidentifyareaswherethe

populationwillexcessivelydeclineinthefuture.Section2explainsthedataandspecificmethods

usedintheanalysis.Section3describesanalysisresultsbyapplyinglogitmodels.Thefinalsection

summarizestheanalysisresultsandreferstofutureissues.
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1)Manyotherstudiesdiscussedproblemsonthemarginalvillage(e.g.,Ohno2005,2008;Odagiri2009).



2.DataandMethods

Thissectiondescribesthedataandmethodsusedintheanalysis.Twotypesofdatawereused.

Thefirstoneisthecensusdemographicdatabysexand5-yearagegrouponaper-small-areabasis

in2010.Thesecondoneistheprojectedpopulationdatafromtheofficialversion2.0ofSAPPfor

Japan.Asmentionedabove,thissystemfirstofferedweb-basedaccesstosmall-area（approxi-

mately217,000cho-chosandazas），long-term （2015-60）,andnationwidepopulation

projectionsforJapanbysexand5-yearagegroup.Beforedevelopingthissystem,Inoue(2014,

2017)proposedanewmethodtosmooththetwodemographicindicators(cohortchangeratioand

child-womanratio)ontheanalogyofthepopulationpotentialbyStewart(1947).Themethod

smoothsthetwodemographicindicatorsofasmallareabyusingthoseofamunicipalityincluding

thesmallareaandiswritteninthefollowingequation:

・・i・
pi・

pi・ ・ P・
・
qi

pi

・
P・

pi・ ・ P・
・
Q

P
, (1)

wherepiandqishowthepopulationofsmallareai,PandQshowthepopulationofamunicipality

includingthesmallarea,and・・idenotesanestimatorofdemographicindicatorqi/piofsmallarea

i.IfpiandPshowthepopulationregardingacertaincohortatonetimepointandifqiandQshow

thepopulationregardingthesamecohortatanothertimepoint,bothqi/piandQ/Pindicatea

cohortchangeratio.IfpiandPshowthefemalepopulationaged20-39andifqiandQshowthe

populationaged0-4,bothqi/piandQ/Pindicateachild-womanratio.Theprojectedpopulation

ofSAPPforJapanhavebeencalculatedbasedonthecohortchangeratiomethod2)usingtheabove

twodemographicindicatorssmoothedbyEquation(1).Asiswellknown,thepopulation

projectionsbythismethodisperformedunderthepreconditionthatallcohortchangeratiosandall

child-womanratiosatthebeginningofaprojectionperiodareconstantduringtheperiod3).Because

thechild-womanratioisoneofindicatorsshowingfertilityorafertilityrate,wecanconsiderthe

cohortchangeratiomethodtobeademographictechniqueestablishedunderthepreconditionthat

thecohortchangeratioandthefertilityrateareconstant.

Toperformtheabove-mentioneddemographicanalysisbylogitmodels,weattemptedto

measuretheriskofbecominguninhabitedinsmallareasbycomparingtheprojected2060

populationdatawiththe2010censusdata.Theanalysisfocusedon203,373smallareaswitha

populationgreaterthanorequalto10in2010.AccordingtoSAPPforJapan,theproportionof

thosesmallareastothetotalis93.66percentonanumberbasis,88.22percentonanareabasis,

and99.99percentonapopulationbasis.

Basedonfourcriteria,wedefinedfourdummyvariablesasexplanatoryonesoflogitmodels:
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2)ThismethodwasformulatedbyHamiltonandPerry(1962)andismostusuallyusedforsmallareapopulationprojections

atpresent.

3)Underthisprecondition,ifonceanareabecomesuninhabited,theareaneverbecomesinhabited.



criteriaandvariablesregardingthe"cityatriskofdisappearing,"the"marginalvillage,"the

non-DID4),andthenonmetropolitanarea(hereinafterreferredtoasrisk-of-disappearing,

marginal-village,non-DID,andnonmetropolitan-areacriteria/dummies,respectively).Thechief

aimofthisanalysiswastocomparetherisk-of-disappearingcriterionwiththemarginal-village

criterion.Nevertheless,thenon-DIDandnonmetropolitan-areacriteriawerealsoaddedtogenerate

thedummyvariablesinthisregression,becausethenon-DIDornonmetropolitan-areacriteria

indicateasmallareawithlowpopulationdensityoracertainlevelofrurality,andbothindicatethat

thesmallareaislikelytobecomeuninhabited.Giventheabove,weformulatedthe(a)

risk-of-disappearingdummy,(b)marginal-villagedummy,(c)non-DID dummy,and(d)

nonmetropolitan-areadummy.Variableswereassignedavalueof1ifasmallareasatisfiedoneof

thefollowingfourcriteria,and0iftheydidnot:

(a)Thefemalepopulationaged20-39declinesbymorethanorequalto50percentfrom

2010to2040;

(b)Theproportionofthepopulationaged65andolderin2010is50percentormore;

(c)Thepopulationpersquarekilometerin2010islessthan4,000persons;

(d)Thelocationisoutsideofthethreemajormetropolitanareasincludingthe11prefectures

(Saitama,Chiba,Tokyo,Kanagawa,Gifu,Aichi,Mie,Osaka,Kyoto,Hyogo,orNara).

Table1representsbasicstatisticsbygroupsofsmallareasdeterminedaccordingtowhether

theysatisfiedeachcriterion,i.e.,whethereachdummyvariableequals1or0.Everypopulation
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4)DID(DenselyInhabitedDistrict)isatypeofstatisticalareainJapan.Itscorecriterionisthatthepopulationdensityis

morethanorequalto4,000personspersquarekilometer.Forthedetails,pleaseseeStatisticsBureauHP.

(https://www.stat.go.jp/english/data/chiri/did/1-1.html).

Table1BasicStatisticsbyGroupsofSmallAreasDividedbyWhetherEachDummyVariableisEqualto1or0

valueofeachdummy
variable

numberof
smallareas

totalarea
(square
kilometers)

2010 2060

population
indexin
2060

(2010=100)

total
population

average
population
persmall
area

total
population

average
population
persmall
area

(1,000
persons)

(persons)
(1,000
persons)

(persons)

(a)risk-of-
disappearingdummy

1 64,693 106,329 20,040 310 10,512 162 52.5

0 138,680 222,476 108,002 779 75,976 548 70.3

(b)marginal-
villagedummy

1 9,231 39,486 1,111 120 261 28 23.5

0 194,142 289,319 126,932 654 86,227 444 67.9

(c)non-DID
dummy

1 124,416 320,267 52,801 424 30,797 248 58.3

0 78,957 8,537 75,241 953 55,692 705 74.0

(d)nonmetropolitan-
areadummy

1 130,643 280,177 62,586 479 36,045 276 57.6

0 72,730 48,628 65,456 900 50,444 694 77.1



indexattherightendinTable1wascalculatedbydividingthetotalpopulationin2060bythatin

2010,orbydividingtheaveragepopulationpersmallareain2060bythatin2010.Theindices

showedthehighestvaluewhenthenonmetropolitan-areadummy=0,indicatingthatthepopulation

declinesrelativelyslowlyinthemetropolitanareas.Ontheotherhand,theindicesshowedbyfar

thelowestvaluewhenthemarginal-villagedummy=1,indicatingthatthepopulationrapidly

declinesinareaswithaveryhighagingrate.Focusingonthedifferencesintheindices,wefound

thatthedifferencesbetweenthecaseswheredummy=1anddummy=0were17.8,44.4,15.7,and

19.5percentpointsforthefourvariables,respectively,andthatthemarginal-villagedummy

displayedthelargestdifference(44.4).Thissuggeststhatthemarginal-villagecriterioncanmost

distinctlydelineateextremelydepopulatedareas.

Theabovefourdummyvariablescorrespondtotheexplanatoryonesthatwereinputintologit

modelsconstructedinthisstudy.Meanwhile,theobjectivevariablesoftheselogitmodelswere

formulatedbyusingtheabove-mentionedpopulationindices.Basedontheseindices,ifwejudged

thatasmallareawouldalmostorcompletelybecomeuninhabited,1wasgiventotheobjected

variables,andotherwise,zerowasgiventothem.Todecidethejudgementcriteria,wedefinedthe

followingsixstagesaccordingtothepopulationindex:

1)StageI:index>100;

2)StageII:100index>50;

3)StageIII:50index>25;

4)StageIV:25index>10;

5)StageV:10index>0;

6)StageVI:index=0.

Ofthesesixstages,onlyStageIindicatesthatthepopulationofsmallareasincreasefrom2010to

2040,andonlyStageVIindicatesthatsmallareasbecomecompletelyuninhabitedby2040.Table

2representsthenumberofsmallareasbyvalueofeachdummyvariableandbystage.By

comparingthetwomodesinthecasesofdummy=1anddummy=0foreachdummyvariable,

wecanrealizewhichvariableismoreefficientfordetectingsmallareaswiththeriskofbecoming

uninhabited.Asregardstherisk-of-disappearingdummy,StageⅢ andStageⅡ areequivalentto

themodewhendummy=1anddummy=0,respectively.Asregardsthemarginal-villagedummy,

StageⅣandStageⅡareequivalenttothemodewhendummy=1anddummy=0,respectively.

Bycontrast,asregardsthenon-DIDandnonmetropolitan-areadummies,StageⅡ isequivalentto

themodewhenbothdummy=1anddummy=0.Thesefactssuggestthattherisk-of-disappearing

andmarginal-villagedummiesaremoreefficientfordetectingsmallareasthatmightbecome

uninhabitedthanthenon-DIDandnonmetropolitan-areadummies.

Thisstudyconsideredthefollowingcriteriatobereasonablefordefiningtheobjective

variables:thefirstoneiswhetherornotindex=0(StageⅥ);thesecondoneiswhetherornot

index10(StagesⅤ andⅥ);andthethirdoneiswhetherornotindex・ 25(StagesⅣ,Ⅴ,and
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Ⅵ).However,thefirstonewasnotadoptedascriterion,because,asshowninTable2,therewere

noareasbelongingtoStageⅥinthecaseoftherisk-of-disappearingdummy=0,andbecausethe

logitmodelinthiscasewasnotestablished.Asaresult,twobinaryvariablesweredefinedas

objectiveoneasfollows:onevariableshows1(ifindex・ 10)orzero(otherwise);andtheother

variableshows1(ifindex・ 25)orzero(otherwise).Twologitmodelsformulatedusingthe

formerandthelattervariableswerereferredtoasModel1andModel2,respectively.Bothofthe

twomodelsincludefourexplanatorydummyvariables(therisk-of-disappearing,marginal-village,

non-DID,andnonmetropolitan-areadummies).

ThenextsectionconsidersanalysisresultsofModels1and2formulatedinthissection.

Beforebeginningtheconsideration,letushaveabriefdiscussiononrelativerisksthrougha

contingencytable,whichwecreatedbyrearrangingTable2basedontheformsofthosetwologit
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Table2TheNumberofSmallAreasbyValueofEachDummyVariableandbyStage

valueofeachdummy
variable

numberofsmallareas

total StageI StageⅡ StageⅢ StageⅣ StageⅤ StageⅥ

(a)risk-of-
disappearingdummy

1 64,693 505 20,361 31,389 9,442 2,285 711

0 138,680 5,975 90,760 39,408 2,455 82 0

(b)marginal-
villagedummy

1 9,231 0 59 2,076 4,387 2,037 672

0 194,142 6,480 111,062 68,721 7,510 330 39

(c)non-DID
dummy

1 124,416 2,068 54,792 53,893 10,865 2,110 688

0 78,957 4,412 56,329 16,904 1,032 257 23

(d)nonmetropolitan-
areadummy

1 130,643 1,726 58,672 57,734 9,951 1,968 592

0 72,730 4,754 52,449 13,063 1,946 399 119

Table3ContingencyTablewithRelativeRisksRegardingCategorizations1and2

valueofeachdummy
variable

total

Categorization1 Categorization2

StagesⅠ-Ⅳ StagesⅤ-Ⅵ relative
risk

StagesⅠ-Ⅲ StagesⅣ-Ⅵ relative
riskindex>10 index・ 10 index>25 Index・ 25

(a)risk-of-
disappearingdummy

1 64,693 61,697 2,996
78.32

52,255 12,438
10.51

0 138,680 138,598 82 136,143 2,537

(b)marginal-
villagedummy

1 9,231 6,522 2,709
154.40

2,135 7,096
18.94

0 194,142 193,773 369 186,263 7,879

(c)non-DID
dummy

1 124,416 121,618 2,798
6.34

110,753 13,663
6.61

0 78,957 78,677 280 77,645 1,312

(d)nonmetropolitan-
areadummy

1 130,643 128,083 2,560
2.75

118,132 12,511
2.83

0 72,730 72,212 518 70,266 2,464

note:Models1and2inthenextsectionareformulatedonthebasisofCategorizations1and2,respectively.



models(Table3).EveryrelativeriskinTable3wascalculatedasaratiooftheriskinthecaseof

dummy=0tothatinthecaseofdummy=1.Forexample,therelativerisk(78.32)ofthe

risk-of-disappearingdummyinCategorization1wasgivenby(2,996/64,693)/(82/138,680).

AccordingtoTable3,therelativeriskofthemarginal-villagedummyshowedthehighestvalue

bothinCategorizations1and2.Thesefactsstronglysuggestthatthemarginal-villagecriterion

(above-mentionedcriterion(b))wouldmostdistinctlydelineateareasthatarelikelytobecome

uninhabited.

3.AnalysisResults

Table4showstheapplicationresultsofModels1and2.Accordingtothistable,thelog

likelihoodis-7,017andpseudoR2is0.56forModel1;andloglikelihoodis-30,004andpseudo

R2is0.44forModel2.TheseresultsrevealedthatModel1ismorefittingthanModel2.Next,we

focusedonoddsratiosobtainedbyconvertingtheregressioncoefficientsofeachdummyvariable.

WithregardtoModel1,theoddsratiosweresignificantatthe1percentlevelexceptthattheratio

ofthenonmetropolitan-areadummywassignificantatthe5percentlevel,andthemarginal-village

dummyhadthehighestratio(100.08),followedbytherisk-of-disappearingdummy(31.03).For

Model2,alloddsratiosweresignificantatthe1percentlevel,andaswithModel1,the

marginal-villagedummyhadthehighestratio(61.89),followedbytherisk-of-disappearingdummy

(12.20).

Moreover,byaddinginteractiontermstoModels1and2,thisstudyattemptedtoapplyfurther

twologitmodels,Models1'and2'.Although6interactiontermsbasedonallcombinationsof4

dummies(a)-(d)wereinputintothetwomodelsusingthestepwisemethod,only3interaction

terms(a)*(b),(b)*(c),and(c)*(d)wereadoptedasvariablesignificantatthe5percentlevelin

Model1'andonly3interactionterms(a)*(d),(b)*(c),and(c)*(d)wereadoptedasvariable

significantatthe5percentlevelinModel2'.Alloddsratiosofnewlyaddedinteractiontermswere

withinarangeof0.2-1.2,andasaresult,weunderstoodthattheinteractionofthose4dummies
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Table4ApplicationResultsofTwoLogitModels

Model1 Model2

numberofobservations 203,373 203,373

loglikelihood -7,017 -30,004

pseudoR2 0.56 0.44

oddsratio

(a)risk-of-disappearingdummy 31.03** 12.20**

(b)marginalvillagedummy 100.08** 61.89**

(c)non-DIDdummy 1.73** 5.29**

(d)nonmetropolitan-areadummy 1.15 * 1.57**

note:*and**indicatestatisticalsignificanceatthe5%and1%levels,respectively.



wasnotstrongastogreatlyincreasetheriskofbecominguninhabited5).

TheaboveresultsregardingModels1and2clarifythefactthatthemarginal-villageand

risk-of-disappearingcriteriacanmoreclearlydelineatesmallareasatariskofbecoming

uninhabitedthanthenon-DIDandnonmetropolitan-area,andinparticularthemarginal-village

criterionincreasestheriskmuchhigherthantherisk-of-disappearing.Thisfactmeansthatthe

demographicfactorssuchaspopulationaginganddeclineinfemalepopulationincreasetherisk

morethanthegeographicalfactorssuchaslowpopulationdensityandrurality,andthatespecially

thepopulationagingincreasestheriskmorethanthedeclineinyoungfemalepopulation.

4.Conclusion

Thisstudypracticedanexaminationoftheriskofbecominguninhabitedatthesmallarea

scalebyperformingademographicanalysisbySAPPforJapantodemonstrateitsapplication

capabilitythroughtheanalysis.Theanalysisresultsaresummarizedasfollows:

1)Theconditionsatisfyingthemarginal-villagecriterionisthemostinfluentialriskfactor

intermsofsmallareas'becominguninhabitedinthefuture.Thissuggeststhattherisk

isextremelyhighinsmallareaswherethepopulationissignificantlyaging.

2)Theconditionsatisfyingtherisk-of-disappearingcriterionisalsoaninfluentialrisk

factorforsmallareas.Thissuggeststhatthedeclineintheyoungfemalepopulationin

smallareasgreatlyincreasestherisk.

3)Thenon-DIDandnonmetropolitan-areacriteriahavelessinfluenceontherisk.In

otherwords,lowpopulationdensityinsmallareasdoesnotalwaysincreasetherisk.

4)Asaresult,ithasbeenproventhatSAPPforJapanhasacapabilityforthe

demographicanalysis.

Asmentionedabove,SAPPforJapanwasdevelopedbasedonthecohortchangeratiomethod,

andthemethodisconsideredtobeademographictechniqueestablishedunderthepreconditionthat

thecohortchangeratioandthefertilityrateareconstant.Thispreconditionisaminimumand

necessaryprincipleadoptedcommonlyineverymethodofpopulationprojections,inotherwords,

ageneralprincipleunderlyinginthepopulationchange,andthereforetheaboveresultshavea

possibilitytoholdinvarioussituationsofthepopulationchange.InSAPPforJapan,however,the

populationprojectionswereperformedusingcohortchangeratiosandchild-womanratiosofa

specifictimepoint,thatis,theyearof2010,whenin-migrationintoareaswithahighagingrate

wasscarcelyobservedinJapan,andconsequentlytheperiodicaleffectcausedbysuchtheregional
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5)Theoddsratiosof(a)*(b),(b)*(c),(c)*(d)inModel1'and(a)*(d),(b)*(c),(c)*(d)inModel2'were0.2,0.2,0.7,0.6,

0.3,1.2,respectively.Oftheseratios,onlythevalue1.2meanstheinteractiongavepositiveeffectsontherisk,and

obviouslytheeffectwasnotstrong.Ontheotherhand,thevalues0.2,0.2,and0.3,eachofwhichwasaratioregarding

themarginal-villagedummy,meantheinteractionsgavestrongnegativeeffectsontherisk.Wethinkthat,becausethe

marginal-villagedummyshowedanextremelyhighratiobyitself,anadjustmentmechanism operatedonthose

interactionstocontroltheeffectofthedummy.



demographicsituationin2010mightappearintheaboveresult1),whichisthemostimportantone.

Itisafutureproblemtoevaluatetheperiodicaleffectaccuratelybecauseitisbeyondthescopeof

thispaper.

Thisstudyanalyzedthedataonlyattwotimepoints,theyears2010and2060;however,SAPP

forJapanprovides5-yeardemographicdataupto20606).Therefore,infuturestudies,wewill

identifyhowchangesoccurintheanalysisresultsbysegmentingtheanalysisperiod.Moreover,the

dummyvariablesusedasexplanatoryvariableswerebasedonlyononepopulationstructure,such

astheagingrate(i.e.,theproportionofthepopulationaged65andover)orthedeclineinthe

femalepopulationaged20-39.Amoreexplanatorymodelwouldincorporatevariablesbasedon

multipledemographicstructures.
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