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DevelopingMathematicalModelsThatAdmit
UnconstrainedMovingofMortalityCurvesandTheir

ApplicationtoProjectionsforJapan

FutoshiISHII

Thisstudyaimstoproposemathematicalmodelsthatadmitunconstrainedmovingofmortality

curvesandtheirapplicationtoprojectionsforJapanintermsofdevelopingnewmortalitymodels

thataresuitableforJapanesemortalitytrends.

Inthisstudy,weshowedthattheapplicationoftangentvectorfieldsonthelogmortalitysurface

isusefulforaframeworkofexpressionforunconstrainedmovingofmortalitycurves.Then,we

proposedanewshift-typemodel,theLinearDifference(LD)model,whichisapplicableforthat

typeofmodelingandabletoexpressoldagemortalityeffectively.

WeappliedthismethodtoJapanesemortalityandevaluatedthemodels.Applyingtheactual

ratestotheLee-Carter(LC)modelandtheLDmodel,wefoundthattheLDmodelexhibitsgood

fittingforoldageseventhoughtheLCmodelfitsslightlybetterforyoungerages.Wealsocom-

paredtheperformancesforbothmodelsfromthestatisticalviewpoint,andconfirmedthattheLD

modelisbetterthantheLCmodelforoldageswhereastheLCisbetterforyoungerages.From

theobservations,weconcludedthattherecentmortalityimprovementinJapancouldbebetterex-

pressedasshiftingthandeclining,andfoundthatitwouldbeeffectivetousetheLCmodelfor

youngeragesandtheLDmodelforoldages.Then,wedefinedavectorfieldthatcontinuouslycon-

nectsbetweentheLCmodelandtheLDmodelwithweightedaveragesofthevectorsbelonging

tobothmodelswithsomeweights,andproposedtheTVFmodelasawholeagemodel.

Finally,wedescribedthemethodofthemortalitymodelintheofficialpopulationprojectionin

2012anditsevaluationasanapplicationoftheTVFmodel.WefoundthattheTVFmodelsuc-

ceededinexpressingtheageshiftwithalargeimprovementanditsreflectiononprojectedmortal-

ity,whichcouldnotbeachievedwiththeLCmodel.WealsoobservedthattheTVFmodeldoes

notexhibittheunnaturalmortalitypatternsthatarefoundintheLCmodelwhenweassumeanex-

tremelyhighimprovementinmortality,andthatthefavorablebehaviorsofthesurvivorfunction

arecompatiblewithrecenttrendsinJapan.WefoundthattheprojectionsbytheTVFmodelhave

manyadvantagescomparedwiththosebytheLCmodel.


