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X7, TORERHMEGTEZITS diTid, HEOET) VI NEELL S,

UL ULBENS, ZoXkH7%, HEFEEOPTHEMFFORMEEREL T 5 bMEDIETE
FV T H-TE, ThETHBNEETHOOATETOAIRFOET VEZDE E

_3_



HHTA2OTEST L EOABONUIEAD D, DREOITRIIZEDES LT
TIVEFMNRD 5N b, KRR, ok BREERO T, bAEOILTE MO KB
HWL, FRXMEOROCEEETIVEMRBT S & EBI1T, TOFRERHEEI~DILHEZITS &
LxEHMETEHDTH 5.

I JECETIVEZ ORRAERE A~ DO IBHICBE S 5 SE TSR

1. ZECOFERNI—VETIV

RN, SECETIVE Z OFERHEGE~DICHICBE U, AW D EHR 78 e TR E % s
ELTVE2—%179. ADBBHLZEIFERICE > TEZOHENRECRL L5005 5
n, FEC b2 DREFITH S, —fRIC, FEINIILTCERE R 2 SREICBIEEZITH &
TX50, ZLOREWMOFH BEWENEL B0, HHS ORI LI EENS, Lz
Mo T, FECHRL EDITC A KDY 2 EmERECE, Bips LA A Z H b ik L
THRTIENTELLERNTHY, IneFHT5DIILCDEMRM/ NS -V ETIVTH 5.

JECDEENM NS — B TIVITIE, RELHIT, (DBANWEBICE 2 ET N, (D8
CEBETFIN, QVUL—vaFrIVEFIVO 3EENSS. (1)DEFEHBEEIZX 2 ETFIL
Eid, OB EMNEBICK > THEMEMBEXBT 250 TH D, SLTEAl (aw of
mortality) &b EbN b, THITIZZ L DEITHIENH 508, JE)1%4H O fREBIE T
#*9 Gompertz €7 )V (Gompertz 1825) FZOREHFTH 5. F/, ZHhITEHEE
M Z 72 Gompertz-Makeham € 7 )V (Makeham 1860) i3, Bife, JEAEE BIERKT
oEatmE s gEmE TN TS, —F, IhsofREEHcRBEERETD
FEUERZBAMEE L TLES SEN VI LRBIEREINS 2 &h o, MEICIE U TIE o
EEIKRT B0 VAT 4 v 7K TIES 2 EKBLT B Perks (1932), Beard (1971) @ X
I IEPEATINIE S B 5.

Zh 5 %G, Thatcher et al. (1998) 1%, 1347 ED80~120m D EEGIL TR T — 7 1T
XU, 6 FEOBFMMEBAE ML TIZD, EFNVEOREKRF 2T, &2 THENSE &
72T IVIE,

1. Gompertz: u, = ae™

2. Weibull: ¢, = ax’

b:
ae™

1+ ae™
4. Quadratic: In(y,) = a+bxr+czx® (¢ <0)

ebz

3. Helligman & Pollard: g, =

. a
: Dy =t
5. Logistic: u, [ tae™ €
ae’™
6 . Kannisto: u¢, = Trae™



ThHaHM, Z0H9H, kXTI +—I VADBEP->72b DI, Logistic & Kannisto ®
THHEOOYRT 4 v 7 ETIVTH D, FHIT, Kannisto (F DT D/NT A —F THEER
WEREISRITE2 L0 HENILEINTNWS, Tz, ZhicHS%, Human
Mortality Database @ @& O H TEHDIZHE IO ETFTIBHN SN TS,

7, AR TREFMOILTCE T NV EMRETHN, @il TR, 2Fk
EXRRELURBFENETNVIZOOT O ZHOEITMIENEET 5. Gage and Mode
(1993) FZn k5% bDDH B, Siler (1979), Heligman and Pollard (1980), Mode
and Busby (1982), Mode and Jacobson (1984) iZ & % 4 FA0D 24K € 7L D ik %
Ty, 875 4 —4% ® Mode-Busby € 7 IIVIZHAEETOHTIEE 01T, WL 8785 A —
% @ Heligman-Pollard (3 GE#afETOYTIE L D ICHENDH D, Siler D535 XA —F
TIVOHEBHTEFONLNELTNS, 10/3F £ — % O Mode-Jacobson € 7 )V
Siler DETFIVEDIF LN, XTI A—FHOZ I SBFFEMEITEENLETHS EMmL
ThO, HENBBICK 2 2FMET NVOHL S HREN TS,

—7, QQOHKRIZLBETIVE, BBICHES WL OhDOHRERIT K » THMEMEE
£+ 2D TH5. Coale-Demney ® €7 IV A4 #E (Coale and Demeny 1983) #3%
OREFTHY, EMEDOEIR (¥ 24 7) % 45 (North, South, East and West)
2, ERENITWBO LN SIS ETIVIIEEGEZHE L T s mE 2 £81
LT3,

BEMBIBIC X 2 70, EGEBMEERDV ORI A -5 TRIITE, SELEHR
EMFMLL TR TE 2 L0 HTERATO S, — 5T, EBORCOHER Y — 1
BHTH D, BILGMAIOMFNBMTERINS LRRS M, 7, ThEWET 5
TCDITHBOB AN M AGDE TN E, ZLONRNITA=IPREER > THhZ -
THMMEZRLTLES LS MERMNH B, ZHhITHL, BRICKZETIVE, FEBEIC
BERS NIAER Xy — VD SIER I N 2 Em S, TOK) BEFNBEEIC X ET VD
L RHRR T, L LRSS, ZOHETE, ThEho L NIVRIBIRO I GG
LB EEHAZE LRI S 0IY, LRLVRBREMSMEL T &, BRSO
BEPDEEIZY, REOEMESEALTLE D E0HMESRH 5.

@DV V=Y aFLETNVE, O DOETLVOEREHRI ANIZETIVES D
TENTE, BBRITHESC HRITE ) BENTER Y -2 &, 2IhoDRICH
TENGA =Y 2 MAEDLETHE NI — U E2EBTE20THS. V—YaFILET
WoRZER E LTI, Brass (197D ICXOBRESNIT IR« 0Py bV AT LAREET

ek
EZ, HHWMBEERBENRY =V Y EHNT, EFEDO YW, Y =at+pY tE£Sh5 L
TARETINTHB., ZIT, aBlNI, BRERERT XS A—F LT 5T 5,

SNB. TSR0y FURTFLE, LAEDYy NERUBEK Y, = log<



2. BETOEH - BRIINY—VEFTI

ZZET, HUTER/ Y = IZ D20 TEZTEN, HIZIBIECROIRIMES 2175 8
B, SO DIER « BRINNF =0 2 ETIULT B ERREER L. Zhix, HlZ
3, EMEEME LU THBIEC R logm, 2ET Y 753854, S oI1CY (1) 2H7
oL LTlEMmliclogm,, €T v 73 5MEEEZ S EITHYT 5.

FELE DA « KRN =V DETILIZH LTS, WL 2D T7 Fa—FNufETh
D, BEOETHENGFHEL TS, REFMABLOLELT, K 2@EL, logm,, %
OB EEZ THFNBHB A TROBET) Y IINEZONEH, I DRHITIZIER
ORI RIS ZREFNE A ET 2 0ENE L 270 HMBETVER->TLES. £
T, JECDERNI — BTNV EHAEDLDESZ I ENEBEZ ONS. HIZIE, Fi Ny —
VIZOWTHEFBEIZ L 2 ETIIVEHL, £0D/35 A — 5 OFERIIEALIZ S SITEEN
B Y TR NIE, FEb « BRIy — o 2 RAFIMEBEHCTETY V7452
EINTX5. i, EFIVEMELOMAEEELT, EMEOBIRREEL, VNIV EE
TR CPHHMIE &) PN ESY TR 2ET Y V7 bufRETH D, HiED
World Population Prospects Ti3, EEDILLTDHEH/ YT — v BiFonz0Ea, i
FfF SN THEFEMMENEEZ SN 286, FREOHEIIEWTIOHEEZHOTY
% (United Nations 2006).

V=Y a FILETIVIZONT S, BENEBIZX 2 ETIVEEL 35 A =571 5 7
OFIBABE M TIED B T EIT L - TG « BRI Y — v DEFIALMTEETH 5.
BUE, EBRMIIC HIECHROFERIEE OFHERN B HEE L TEbN TV B Y —« 1 —F — »
E7T)V (LCETIN) BUFOLIBATREINEZETINTHD, Hiy » FERYI Y — >
ERTVUV—=vaFbe ETFIVORENBLITUILTH S (Lee and Carter 1992).

logm,, = a,Tkb, €.,

ZZT,
log m, ,: XEIETCH
a,: MEICCROIEAER I F iy — v
k,: FELK#E GECHREO
b, k, MEALT B R DAER IS TR DAL
€., 0 OFAET

Th5.

Tuljapurkar et al. (2000) (2 ® € F IV % GT #EHOFELCRHEGHCHEH L oGk
ERLTOE0, bBEHORTHRICHEM LICETHELZLDObDMH 5. Wilmoth
(1996) &, V—eH—F— -« EFIAEARDEILNDOILTHKIZEHM L (Method 1), <
NEZY 2 —F v OIERHEZTORER b L v NI —B S g 72HEE (Method 11) & Mg
% E &bz, FERBIFELCHRHAEE (Method 1T R IV) & & W ATT - 72, /MA (2002)
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FV— =7 — < EFNEFML, ENASRE < ADREVIET O 144ERERA D
HEFHZB O THO O NIIIECETIVOMIZE « BIRICH e - 7. 512, /NI ] (2002),
FEf6 + Ak (2003), /NEE BRI (2005), Ozeki (2005), KJiI (2006) 72 & &b hifE
~NOEH E U TORITMTRIZZE T 5 5.

—J5, V— <A =% — <« ETIIVEIKRT 2% b, Liand Lee (2005), De Jong and
Tickle (2006) 72 Effx 12 & OMIEAEL, DOAET &H)I (2012) 23 LC €T IV
VAR ®7 0V ABEH LU TLC €7 I)VEIE LR LC-VAR ETIVEREL TS, T0OX
575 LC T NVOILRICBT 20580 T, A (2008) 13, MRATELCRUEZILTH
BOERM~D [~ 7 ] & UTHZ % Bongaarts (2000) OY 774 7 VAT 4 v
7« BEFIVELCETNEMAGDOLES I EI2LD, DAREOITED SHIECREFHIC X
DA LUIHTERETINTH S [4FERY 7 NETIV] BRE LK.

AFFEIE, TOLERY 7 NETIVTRSNIFECRIMBOGERM~D [T~ LD
TR —FERESE, K0 RNZHRNOILCRHHOZLLEXKBT 28 ETIVD
BEEHNT, DHEOCEMOEIIENIIECETIVERETSIHDTH 5.
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S [HRBIEC T — 7 RX—2 (JMD) ] @, BEF145 (1970) ~Fpk22 (2010) D3k
THRThs. JMD &iF, EEEMNBILTT —F X— X Tdh % Human Mortality Database
OFiEimE L LoD, bREOIECTIRIICH DY TUREIT> THFE L, HADA
MEDT—IR—=2TH5%. 1%, JMD TEI0EY LEHMXMELTEEDOLNT
WA, m 237 A=y VAT 4 v 7 HiEE S TIIH THIZIL, 150% % TOIELT
FAERD THEEITHEM U,

2. BTRORBEHEILICKDIREA

AW TIRIITERIEY, iy 7 b EFIVTER S NIRRT O Sfiil~o [
TJhl E0H T o —FERESE, X0 RN THRNOILCRBBMOELAEEIT S
HHETF N ARET 3,

—fiZ, VL= aFILETINERHOIILCOER « KERAI/Y — 2TV TR, K4
K SRR IS AR N Y — v &, R ORINC I A RIS 5 — v & D ZEEN
RS A —=F N TERIEIN G, Ry — 0 2 & Licha, RRIIZE(LELET ORI
PEHERAERE N — » EDEROERSFTH DM, ZHRBSHLHITE W TIECRIEA ED X
AL TOBDERBTEZEICEL->THETY VI AHETH A, LIcH-T, VL —
VaFNVETVERHOICHEECROET Y 7 &, [HESECROEMELD ET Y
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IO EIZHONT, BARMNIZLCET IV TR TA LS, BEHAEEF VWL LC ETILVORK
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DIEMI IR b, T=ETHB I EARLTNSE., £LT, ZOHFEEZLEDIZ, —
RIS EREEREIMINZETHEIENS, J— - H—F— « EFIVIIEEREHER
DA —ETHIETNTHBENITLELTES,

LI AT, WERIERIRT [FFHZMN] &, ThZNOER 2 12 >0 THEIET
RBINEDL SWETT 20 ERZI TS, —F, bPEOOEHKILCRSE L, LCETIV
D& AT, r&2FEE L THESECRMME F 4 2 T RNISEIE R AZEN L T &5
Z5&08, WEIECRMEAFEE LTI ITHIET 34886 2 BEEo FicZ b L Tl
EWI HIITRA DB REET ) VM TEB L2~ $Hbb, Z0LD
YA, RHEBETR] 20 b0 T3, RERCROMEE | oML itoET ) »
TWERTH D END T LT D,

1, IhiEX0—bd 5 &, HIWLICET B H BEMBOSEIECRL, AFER &6t
BOCUR G B DHIIESHIANEEL T EWIRMEEZ B Eb[ETH B, £
T, RIT, ZOES LT RIO BRI HFMNOZLEZBHE T IVICE > THILT 5
T2HDDT V=L T =7 IZDO0TERL, 2517, ZAITHLLAEERE T IVORBLIZD
WTHERTHZEET S,

LItk ®Eiz2E00, %

3. XEIECEHRphE, MHIETERLE Z O

FELCHRHHR O AH B HRANOEAZ RIS 2T T IVOMED 2 HI121F, IR
Hif 2O ERETY v /O T V=L T = B ER S, U, THhicBL T
B EERT 5.

X = [0,+) 24, T = (—oo,+oo) ZIFHEXRTEM LTS, UTOWRTETY
VI OEMICIBOTIE, FireY, Wl teT 2B 25N n, , #HVE. T,

y - )‘x,t - IOg:u_t,t

THNOMHAEERT. 22T, yeV = (—oo, o) BXEIENHHOIEELS. ZoL
&, S%,
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EgrE, TNk, RRICBI AN ERENS. ZhEx, SEIECRIME (the
log mortality surface) &WE3s, i, XEILTHRmO T ERTIETH 5.
COERRFFEZBOT, y=2,,1& R OFT, X-TVPHEHPSDORS ERASZIENT
x5,

PIF, 4,03, XoXTy=[0,0]x[t,t,] C XXT ETEHZESNi, v &tIcT 5l
BT oMM THE ENET S, KL, o< +to IWEREFIVEEZLS LTO
»H5HAMBFRORKIEET 5.

RAFECRDET Y V7 ihtc» T, 61T, A, 3K IT20T, x> z,(0) OFl
PHC 2 IZDOWTIRFBHFAM TH 5 EIREL TLW, TIT, ,(0) 3K ITO0TC,
Apy IR HGRBSIMBIB L2 5 x O TRIEA/RT. ZO&EE, KL<, B (o)

Mxey,mmggl
Bzl o>WTHHTH B, 7270, X, = [2,(D), 0] THB. ¥V =21,(X) &T5&, B
) X, = V3% tiz20T, ¥V ETEBHSNBHEE v,(y) : ¥, — X, ZFo.
2T, V,EUTO LI ITEHKT S

Y= (Yo, ¥,] 727U y,=supmin Y, y, = inf max Y,

teTy teTy

ZDEE, v, YXTy—> X, %

v,(y)

Yot ot

WCEDEFET S, v
LT3,
WHOELEET IV, AET) V7T 5DITHEM, RERMBOL 77107 %
T VT AERICTEHESE RO TH S v, DET ) VIIBAMENRS. Th
SEETFY V7 U, MBI RPL 20 EBMEBEET SN B Z &0, AFET
FINEHRCET VO [WHEMER] PRI ELET 5.

—, FECHRMRORMNEZ LT I S ORMMSIc k> TRBghs, 22T, (D
mt%ﬁﬁii&@mtﬁ pgmEE, UFoRick->TEHZL, ThoEETY V7

w3 B2 IS B BILI BRI DE DS y & 755 K 5 AR x 2R

LEBAITE, ThERTEETILVO [MaRZFER] E3sl&EEd 5,
01,  Odlogu,,
Prtoa™ ot ot
S ov,,
Yldet At

D z,(0) BT L b E FRS 0w, (min YlieT,) ICRBRENEOAEESH 2.
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4. XIHIFECHELDERY FIVISERIH LIZEFIVEE

LCETIVOD X5 K TR E TV, % EE LB O BIEC RO RN L%
b d B LTk > THEROLLEERBLT S, —F, ¥ 7 MIETIVIE, WHEBIECHRMHE
ZEE LA OO ELEZRR T 2 TV EBZ 52 EMTE S, U, Th
S A EFE TR S Eo#ER7 MVEHWTERT 3 I 0Tl 3,

RGE TR S LT, 4Rl r, ZFE U THE LR icfirh s C, &, XEst
Ry, ZEE L TBH L & icfinh i C, 25215, Co&x, C, £C, 1
zhzh,

(1'0, t, /110,[)
(Vyl),[, Z, yo)

ENRNFGRA=FFIREINENS, ThELTHGLTHRONIZUTD2DOOXNT ML

IO(‘TO’ LL07 yO) = (07 ]-’ _1010,[0>
T(x[)s ty, yo) = (Tyo, t? 1, 0)

&, SOEXRT7 MLER S,

K1, SHEFECRMm S RUOZzh EOEXT MVoflz2 IR LicbDTH 5.
BIC R Eo s (o, t,y) = (1,2, —15) IZBWT, EMEEE L2 HR~OHEXY
NIV o, XRPEPECRIE AT U HHANDERT MVt TH B,

X1 XHIETERMEEIENT MILDF

-2

-3

-4
n




COXIBEERT PIVIE, SOEEDORTEZSLIENTEEDL, FRITIOENRY
MLEMIGEE S ZEI2LD, S RIC2HBHEOWSNEHENRT MVSEEHET LI EMNT
X%, ZOXHT, WEILCROMFMELIZHER 7 MVBHIHHIE S /5 2 ENTE %04,
W, KR« FAERICE T AECROYEEH M ENT MVTIRET S EICL-T, &
NEFENRT PV E U THRO XS OBOLCRIMm 2K T 52 2 ENWTE 5. Lid-T,
BHEH « BAERICB T 2IECRSEGEHFMAEET VLT 5 E 0D, BEXZ MVEEZFIH LKk
WEETNOF I EHME SN S,

iz 12,

o(zy, ty, yp) = (0,1, k/b,)

TR, D LCETIVERBTAHERY MELS T LT 5.
CDFCETIVOH T2 EEKBLZ T, K4 « F4EMIZI 1T 2 8EE % D REOJE

TRICHEAT A EHICETY 7 TEhE, BRLLSETIVEMBETES I LITRB 5,

AFFETIE, COXIBTTo—FIIH->T, FLEROFILBET) VIEEZ S,

5. Y7 MRIEFINELTOREEZS (LD) EF I

iy 7 P ETIVDBEOIECENIC K S #EET 5 0E, HADEED SR THRE
Fhs, FECRIMOEE A MANOKF LD b, KFEAMIZY T M TEE0 BANEDHE
BIZE->-TWBEN) ZEDRTRFITH 7. UL LENS, 7 bETIVIIIEERE
e ETEMR U LT LC ET NV EMEMAT A LEVIBTY 77 4 v V& REEMIZERILL
TEY, JECEREZEEETY VLTSI TREL. 22T, AFEITENTE, X
BOE I EoBAR 7 MUBEFIH L2 L 2B LR <, 70, SRS
JECRAELBOEER [V 7 ] MEFIVTH 3245 (LD) ETFINVARET 5.

%9, LD ETIVAGEMIILTREZNFRMTKBIATETH 5 &0 D FERMT RIS OV TR
N5, BITHED LV E 2 — Tl <7z D, Thatcher et al. (1998) (35 E D SEiyE T
OERBUCBALT, vV X714 v 7 ETIVDBRG/NT + —< Y ADE L, F#I2 Kannisto €
TIVPDIZ T A — 5 TEEIETREZGRINTERILL T3 LR EZF T, Lk
MoT, ZOETIVEIFZLT 2 BICR SRt 2 il U, JECREES A S ET
Vo TDITIV—LT =7 THI LT B EMTENIE, EXT MVEEFHALOSD,
REIECRERBT 2 L THE LOHEZMAETIVORBENNEEE S5 2 L1205,

UTo@m@EiE, Kannisto €7V, 374bb, 23534 —=ya VX574 v 7 ETIND
T, ARSI INRBFORETH D, LD ETNVOBZHORBEL 60 TH 3.
M. 285 A= a7 4 w7 ETI

a, eXp(th>
1+a,exp(B,z)

y=2,, = log = loga,+8,z— log(1+a,exp(B,x))



IZBWT, 7, BB LICBLTr OB TS 2. §ubD,

7, = f/tg/x
D RYAC RS
Proof.

s a,exp(B,x)
~ 1+4a,exp(B,x)

Y

e
1—e’

S a,expB,x) =
y ZEE LT Mm%t T TSI EITLD,

a; exp(B,x) +a, exp(B,x) <,8;x+,8¢%> =0

/ /7
aniiat B

X
ot ap, B

O
LIchisT, 1, Wx ORIEBBEL 284, 285 A =90V RT 1 v 7 ETIVOE
RSB >O LR UCHE AR O L1285, £ 2T, ‘EREINERNERIZZ OF%0%
Wi7cTETNELTLD ETNVEERT S, $4bL, LD TV, EMBIMENLLT
DEHIIEINBETINTH 5.

Ty,t - fz-‘/+gt/x
CHEMARIERTHY, Wild%Et THOST A EICLD, UTOMERMERENS.
v, = Litg, x+a,

ZIT, a, SABIECROFPILI BT 2 R I8/ 8 — o 2K T

M2k, LDETIVOBZ A2k LIcboTHh S, KIE, LMIZh 385 T
RANFR D ATC RIS H3, FECREFIC K DALMY 7 M UIRIAER LTS, 22
T, KEHRAMEORNNGEMICBI SV 7 M, TH0bL, FEMEEES. o
DR % RREEHOI 0 190 ML s ¥, IMEZRHIA T 5 7O FHNTECE L7c, REIDOHK A
MR RIZIEATO A28, THOAMERE MRS ERORIEEEICE 5 Z 2 EKL T
5. LD EFINER, ZORMOKENFICHEE LICHERETIVTHE END I ENTX
5.

EZAT, LDETINIE, BMARCEROAZRITL2ETIVCTHD, BFEMOILTHEE



X2 LD EF/IOERIF

Stylized Example of LD Model

Age

W ET BIPEREMEDIEFICHMTHOS Z &8 TERL. —F, LC ETIVIZAEER
PHWEREET ) /T 5 ENIETHS. €T, HEMHLTILC ETLOYL
E A, EIEICHLTIRLD EFLoKESMERSEL D BT LA
U, SHEERZ FVE LT &5 SRl & U TREMIELTRE 7L % H
I BRI ENELOND, TIT, RIT, TOXIEHEEEBEO b IEOFETRIZHEH
U, FERAEGRIGHT 2 2 LIC 0 TERT 5.

I OAEDIECRDEH]

1. EREICLZETIVFHE - HBE

AN, LD ETIVIZK B RBIHIZH TRDIEHEDETIVD /N T 4 —< 2 A2 T
LC EF N EHB UM OFMT 5 & & bIT, WEFVORKEETH L TRERETFLE
WS 2 ka5, 15k, RHITE, B Y — 0 OHHE L 73 Z4ER%E1970~20104F
OAMHBIE L, KO TERNDHEMFEREBL~S,

LD ETIVIE, 2353 A—F VX749 7 ETNVD 1, Bax OB TH S &0
HMMERICAESOTEASNIZLDTHEM, CANEBROT—7Icb X #EET 54
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Developing Mathematical Models That Admit
Unconstrained Moving of Mortality Curves and Their
Application to Projections for Japan

Futoshi Isum

This study aims to propose mathematical models that admit unconstrained moving of mortality
curves and their application to projections for Japan in terms of developing new mortality models
that are suitable for Japanese mortality trends.

In this study, we showed that the application of tangent vector fields on the log mortality surface
is useful for a framework of expression for unconstrained moving of mortality curves. Then, we
proposed a new shift-type model, the Linear Difference (LD) model, which is applicable for that
type of modeling and able to express old age mortality effectively.

We applied this method to Japanese mortality and evaluated the models. Applying the actual
rates to the Lee-Carter (LC) model and the LD model, we found that the LD model exhibits good
fitting for old ages even though the LC model fits slightly better for younger ages. We also com-
pared the performances for both models from the statistical viewpoint, and confirmed that the LD
model is better than the LC model for old ages whereas the LC is better for younger ages. From
the observations, we concluded that the recent mortality improvement in Japan could be better ex-
pressed as shifting than declining, and found that it would be effective to use the LC model for
younger ages and the LD model for old ages. Then, we defined a vector field that continuously con-
nects between the LC model and the LD model with weighted averages of the vectors belonging
to both models with some weights, and proposed the TVF model as a whole age model.

Finally, we described the method of the mortality model in the official population projection in
2012 and its evaluation as an application of the TVF model. We found that the TVF model suc-
ceeded in expressing the age shift with a large improvement and its reflection on projected mortal-
ity, which could not be achieved with the LC model. We also observed that the TVF model does
not exhibit the unnatural mortality patterns that are found in the LC model when we assume an ex-
tremely high improvement in mortality, and that the favorable behaviors of the survivor function
are compatible with recent trends in Japan. We found that the projections by the TVF model have
many advantages compared with those by the LC model.



