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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
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72T IVIE,

1. Gompertz: u, = ae™

2. Weibull: ¢, = ax’
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ae™
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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™
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TCDITHBOB AN M AGDE TN E, ZLONRNITA=IPREER > THhZ -
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ZZET, HUTER/ Y = IZ D20 TEZTEN, HIZIBIECROIRIMES 2175 8
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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
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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
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(1996) &, V—eH—F— -« EFIAEARDEILNDOILTHKIZEHM L (Method 1), <
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EgrE, TNk, RRICBI AN ERENS. ZhEx, SEIECRIME (the
log mortality surface) &WE3s, i, XEILTHRmO T ERTIETH 5.
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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
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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.
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International Comparison of the National Population Projections in
Industrialized Countries

Rie Moriizumi and Kenji KAMATA

The purpose of this paper is to compare the frameworks, assumptions and results of national
population projections in industrialized countries, placing particular focus on international migra-
tion assumptions.

National projections outlining the shape of future population development are published regu-
larly by the Statistics Bureau and governmental research institutes. These data provide basic infor-
mation for important policy matters such as actuarial reviews of pension schemes and national land
planning.

International migration assumption in Japan has so far been limited due to the low level of such
migration in the country. However, recent trends show that although international migration by
Japanese people has not increased greatly, that by nationals of other countries is growing signifi-
cantly. As Japan's natural increase turns negative and population decline proceeds, future focus
should be placed on international migration in the country. Against such a background, Japan must
learn from countries in which international migration is increasing and formulate various assump-
tions about its future in this regard.
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Short-Term Fertility Projections on Population Projections for Japan

Motomi Beppu

There are two things to aim at in this paper: one is to explain how we make the projection of
births and total fertility rate (TFR) in 2011 on "Population Projections for Japan" conducted by Ja-
pan National Institute of Population and Social Security Research (2012), and the other is to com-
pare both projected births and TFR with both actual births and TFR in 2011.

Ishikawa and Beppu (2011) proposed the monthly TFR so that we can estimate the level and
trend of fertility when the birth data for a whole year are not available. This paper shows that the
monthly TFR can lead the trend of official TFR. Therefore, we used this indicator from monthly
data of births for short-term fertility projection. Comparing the projection with the actual in 2011,
the projection is very close to the actual. Projected births are only 3,000 fewer than actual births,
and both of projected TFR and actual TFR are the same level at 1.39.

In order to make a highly-accurate short-term projection on fertility, we hope that more detailed
data of births will be tabulated and published as monthly report, such as the number of births given
by foreign women and the number of pregnancy.
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