PR3

HH

PO

GES

T

5 A15H sk AARXHRE HH5E 367

FET A K T 5 TR EAREORE

R AEEMERAIETER GEUREE) e LT, BEEEOBEAY TSN T A DD
TR HAT 5 12e BCICPHBERERT EPHEYEET O TH D, L2 C, LB
BoRLUEBEZHET S HEEER L, BOorOBRNECRT — 20 fike B
L, #OBEABETLZENEHTH S,

EHE WRELLFECRIBPEOLEMTAY, QIfFE, BRETHFRTHD, B
T B B e BN S LB VBT HETH 5, BVELEEI M+ NEHE 1 0
LT, VRIBEOEATOMEL SR THEHNC R b2 &, bbb, HROEH
REH ARG TR 5 & & & Ui, ABERICEEROFEEC X - CEE) B
HIE L OFR - SR CRO SR L% EEEMY R 5, QFHEIL
BoOENMEERMABANZEES, 5 BEHTHC EEb bW ERY I RN &5,

I, 10EEL RS VIR L CLEBEKMD BN S EEL 5 WELTF oA, 82 O¥E
FHHE L U OB L O PR G 58 LBHH L7e,

EMESE I, B OEROR DIE LERUIL 3 ETH - T, AMFE T, 10EHR DB
LCLEERE A AN DHEN 5 KL TH - 12D C, BB LOBEL&MES 2 58 2 oLk
R Ui, TORR S EABETHS YT SN, HEIHEZBRER T, 10~ 145K
L5~ 1T ISR ORIIRRTH v, BURSZHCEIL L TW 50T, BEREOH
EXRRPBER & & Lic, TORKE, #YBEEILS BTH -7,

K CHOI M EBIIEBR T » 0L, ¥0ETTHZ LB THL, ART
WU 2 DOEMEE, BYTcE VB UERAYZBRINCHRET A Z LN TELDT, RO
S TCHIREE AR T A o B R L Bbh 5,

Key words : kG - FlPERAIE TR, EA2A 2, Pt SEEE

I FL&®IC

TR EECRBHERECHY, ToE
W ERDBEEOWTH L X > THL DR
BB L, LOldta ey Wb, #liiE
Age—Period—Cohort £ 7 /LR 2 7k — b FETTEKR D45
FOe EAfThbh T\ b, FROILER - Ef
AR BIFECR T — 2t LT FAREEL, £
UENER - F R - 2 P RARH L L S &
THEDTHB, LhL, L CFLR W%
TIUMELENE S W52 LY, —
7, FIbhOEFALRBEET LS, FK - Tl

* BIREPRE  BEERETIRE
BRI+ T329-0434 MR PIRERI PIRT AR 2-
36-3 HKRERRFE2 S 25
BRER AR ERYTIRE HRE—

ELCHRDBR2 L < RlE5 L owIkdhic
FKHAEYACHWE, Thick v %< omANE
BIA, Tk 5B b, FETREY 3
KBRS D757 4 9 7 AV AT LR
L7z (BUF, #igeT5),

TR EIER - EcBE L GBS T
BHETH, T EFHTROERET — 2 P
AR FT 208, Eh Fe o R -SRI X v B
with, FITHEROFFTRELE v AT & TILFE
BALEZIT S Lo LD, # 2 CRWI B
WEATEEHEYERE VBT OTH Y, FECK
FEHBE Ui D 0IR LE(Fa ki), #is M
bR BEEE TS LD TH o7z, FDIRDER
MV F L7 AL E & D & 5 IED D X\
HEWSHEENBR IR TR, Thbb, FEl
DOEFEAR O el Lo By Riced, ¥



368 Ha8k HA/REE

T ED EEREN SR B BT S -
LIl >TLEIRTHD, L2 TCRFRED I
Py, B XS TREBREE IS,
TEBEF L HENLE NS, FObo—Tkk
EEL, EonoRRN BB LIRE U6
B L TFefsd s,

I BHEAE

SRR PR TR A DB Y O i
Toe 2L, 5 BAFEMRERANTFE RIS T
AR A < & BRI Tl S 0 B AL
ok, Fh, ERCBELCGLIESTHS D En
b, B 1 FBOFEEERY VMR X - Tk
Bz, Thobb, & 5 BERERIIZECERL, X
LR T Lo, & OREROPRFEEROFELEFR T
BBHEL, MOFEREGIHERELICER A,
Fiho, BHEHAY L AR O8O
FEEMCSTROFETRE L, HEELHER D0
B I8 R E Lic, = 5 LCHEMEE
¥k AR BE LTk 0 iR ~855 ¥ ¢, HEIE
RRBHOTB L TE 0 F~80 E T 1 BT
TERVHEE LI, F1o, FRCBE LT, B
4 & H IR Ti19584E~19944E D 3 74ERE 41 o
W, EB)EASRER T 19634~ 19944F 0 324F
MO ZRRE Ui, 0L 51 LTER X EHD
AR ENBTEEERDT — %y b BRIER LI

TR bR, SSRer L EOREE 4 v

K1 FhbERaITECER s HERIIFECE O’
EMEAYSETR (B19936) Ofl

1400

1200 |

—
.23 p=a
(= =2
(=4 <

FELR(AAL0H A
(2]
=4

400

200

50-54 55-59

60~64  65-69  70-74
PR

= R34 5 H15H

N EDEAMEFHEBRVETLOTHLY, £
DEZBRDO G2 FTHB 2 08mT, IEL, 08
R8ED L AT — X DETL, RiFI-w A 0E
BITHLE NV OELCIZ B L Lz, Zhb
WY ERTTh B,

SEALEC T A MY kR DR LER AR %
TeDWRD X HIE LT, & OFBLEClIfE»
B LEE D3 S b ok < s,
—J7, BOBUEMNEL b &, FRLBOEN
FHENHRESHERT, TORVEVGAERL
B BELRC S, Licdi- TEEN S0 R
Vg HLBEOHNCL B Z LA, HEP
WBILDOTD DML L TAETH D,

F O REROR TR E UCEHR M
SLHMBEHE L, Thbb, TOENHETH
% R X5 RFRERS BT CRCR LT, ©
NEN OB EEXH L RS, PR bEoOEI -
NN SEEE S W EE S 2 L&t
E L7,

BARRICL, @Y PR EE R R B FIE
UTFoBHITHSD

O RAETH B jFER, 5RERERI D%
TR ol OBREERALRDE (NESEA
M)
n® (1—m)

. o

@ nEPERIEEOEmP 25, EROBHE

m{” +1.96

K2 ELE R 5 w8 & BEARE (1
HHE)

1/4

/4 1/4 1 1/4

1/4




R34 5 H15H

E%/J‘ Bé’i‘jl%} Rewi% UD%VEJ\ ﬁout(n) %*&)Z\)o
@ wAEKPHERLD TP, D95% EHIE
RaRDS

0.05X0.95
Puut(i)=0.05i1.96E (2)

@ Po(n) B@QOROFEANCHIUE, FD&
EOEFEFFAHEANCH D LT 5,

® Fio, Poln) HHAVCEELLT A DT, n
B E O P, (n) BOOFERPE L D2 Th,
(f)out(n) = Pou(+)) DKEED, (Pours) —Isvm(n
—1)) LFEBREORIE, nEbHAHE LT
Bo LT (n—1) MOLESHMBH X2 H
VoMb, nEEYEY R E LCRETS
(B 4),

Trds, FETHAS 5 REEOBICIL Q EAFOIEHR
FEPAAREL e DT, (1)AROEERAL2HS
AL BR - T F M X 5 TRD I,

BoRLEE D CEECEEKE S
HND A DT, FEERBEBCELT S &
TADT, WERBRE AT AL EhERRT
LYo L, ThbbgEnR L
W, BEREO TR D EE & e fee i
Ofts TR L, WfFBEEO LRAY#: fov
@IS TERT IO L,

BOHIIRTARS L 51, RN SEHER
dote o This DN X — 2T, SEl b 10
BIALEZDIRLTYH, FEREYHNRL L0
EPu(n) N (DROBENCHEELZ LMD
Be Tibb, HENKEETL L FRLORE
IS THH EERLRTL, ERbr FEie S
18 R S e huE P (n) A5 % ATICE Loy
F—=AMNBHb, 5 Lich — AU b1z,
oL LT, HEOBROEE RS &
FEALY, Tiobbko @R k58S, 25
flid 5 = &ic Lz,

3 |mi(jn)_mi<jn—1)|
=5 temm, =Y ©

AL AT Dt ™ BIR LT T
Nl Te s, ERU, BEKECHT S &EIED
PRI X DN B oK E SEETLOT
HhH, DS, 001 Ficieiud, FEXEIRE
DLBUTOBE LI BDT, PHRIZTHTHD
LRI A - L L,

Hagls BANGE #H5%5 ' 369

H3 S, Dffiic X %O IUR ORE

Sng.08
0.07
0.06 —m— AR A
0.05 —a— H T EASREK
’ —x— [ILE
0.04 |
0.03 |
0.02
" M
0.00 S S S
1 2 3 4 5 6 7 8 9 10 1
iR {kEk
m R

RN FCH & U CEERFEs Y, R
DHIAE W FlE LTAHMAE I Y R, £ L
THBT 5 X5, thaHENLER BRI
My bz B ERBbhBHIE LT, AEEE
BHEWAI Y B, ok, ACH S BT
FTRTCHM VW TOALDIOG AR OHETH 5,

. 2EEHREY

95% fEMEX % S 5 84 Pou(n) 13, FWL
2T Py (2)=385%Th b, D(3)=84%,
Pou(4) =135% & 75 > 1oy ToF — & DR X FE il
FEfR D 4w AT K=37X17=6297c DT, (2)
R LD P DISX BRI Pour(—)=3.3%~
Po()=6.7%TH B, Fi, PO HEY
¥ S, 11 $,=0.049, S;=0.036, S, =0.028D &f#i
TH-712 (X3),

P boos%EERMEC X afERENLTH L,
BINAOI2BETET S Z&icic b, LhL,
2 [T S, D, BLO, ZEHRROWE S
DRBENLHZTLRRARTHTH - £ 2 TR
()R T L5 @R, Tibb, Pu(n)
& Powisy EDBIRGFER L CHIIT % 7 — 2 &
Lico ERRMEE Pouis)=6.7% & Py (3) =8.4% 0
FLT%60x, Pou(2) =3.5% £ D3.2% X h H/hE
WO, n=3ELHRFMEME LT ERL
T, BYsE R LEE 3 EEHE L, Dk
ORI TR TEOTHS (K51 n=00D



370

4 P, DISKEEREIE Pou(n) & OBAR
(MBS 2 DFENE S, THE I 5B O THIK)

(a) SWEFEMFET (£ )VE : K = 629)
Pat (O 95SBIEHX

Pty Pout(+y
3.3% SI% 6.7%
T ' T
3.5% . 84%
Pou(n=2) Pou(n=3 : {Z /)
L—'Y-—_——A—W_J
3.1% 17%

(b) HEHZGHHEHTE (B)VHE K = 48)
Pon ) 95%{F IR B

r Al
Pout(—y Pouas(4)
3.0% 5]% 70%
N T T
58% . 83%
Pou(n=4) Peu(n=5 ; 3£

12% 13%

T~ % DR,

I ERIC B WO EER S IEAC B B & &
i, RSIRLETLT —~ 2000 bW 508, K6
12X o TROFFES—BARIC /e 5+ D408 &L
B2 & Pl - CRIET 5@ D i £ 5 38
CROBEIMERTERIELICONTELL Ko

K5 FExXERCOCTOEEFEHIFTR (105 A%
EHEMIETE(R)

F48% BARARE

5%

Tub,

2. g

T — 2 DEFEHRECTH LR T h bbb L)
2, BIMFIEFETTRAMEN o b IC R EE B 0 Vs
ek X <, SEEBMIA VAT NS, ZOyr —
ACHL, b 1081 0K LT R A4
B eGP, (10)=27%BESF, 5%
Mz 5 (5.1%) ik 7ESE L, F2 T,
(3) R DBIREA: S, w8 2 gL LT
Hubz L, “ORE5ETS;=0.008&
IsolenT (K3), SFEtEEL 5 mAEY)C
BB EHE L,

ZTORBRER 8 R, Zh kb HIRETR
LT OB#A R > - LRI LT e
>7c  D19704ELIRE, AR CcIm L T b
1990 A B & 80REE TII30ZE LTV 5, @
19604E ~ 19704ECIL.0~ 105k D {EAE#S CIET- %A
3~5 LTI L TR2E, @i
FECEIIE S (RKMEA 19944F D 857 LA _EFEFR D
39.5) AnEMC At 5 BRI R Th B,

3. BEETEHK

X 9w T ok, 1 BOPRLETT - EmH

SERR134E 5 A15H

%)

1000 1500 2000 2500
i 2500

1990

AREERERRN AN
Priphiiri )
INRER! [
a8 \
e
]

{ ) Y
| \

1980

R 1970

1960

20 30




371

H %

48k AARAHEE

SEEE134E 5 15H

B
=z ¥
o
R
2a
%5
S =
%%u
v 3
e
ik

6 A X FERCOoV COBRIENECROEHRK (1075 A%f : 5)

£(5)

ST AEMPE T

HE
na

2000

1500

1000

40

30

20

10

1990

1980

.,
7

1970

1960

1 5)

ER X ROV T O AMRIETER (105 At

=7

(%)

SRiEE A

35

30

25

20

15

10

1990

1980

1870

"

1960

78




372 #agk HAAWEE

B55 SPRE134E 5 A15H

K8 XTI\ TOHMBIRTROEEHE (105 A% : 5)
—HAN EFHORR B LEE 5 Bl
(@O BKBHERAL L - LITa%ET)

- AR
1990 /
1980 ®;
ﬂi 'x\‘ [} /
I, ‘.'\..‘.. &
R 4970 |2y 1
i '\" ’ ®
1 ; |
1960 |t .
0 10 20 30 40 50 60 70 80 &
F i

MThbh, ZhidnT — 2 OFEHIRET LA
FRILThHDH, &FR (19634F~19944F) H@L
TIS~195E TOIRITRDS, L OB OFEC L L
TELEH LTS, St BB E BRIt
R (B) wEaiREchh, EREOFRICD
W DSEENE, 10~145%133.4CTH HDOIH L
15~ 19 5RAEHh T 11.33.6, 20~ 247% T3 29.4 T H
Bo ZORFHDTICD, FRETTI EHINDH D
B Hin & 51, Zh b OFEREHR T OTEN
KESENT D, Tiebb, 15~19FEROIET
KizEDb B, 10~ 145 OFETTER & 20~ 2458
BREE X LT bhb, TOoBELAM XV
1[EAT 5 7183 C, 10~ 14 5 1o
13 & A ETEERMO FRY#: T LE 5, R
L LTEERE R MR B S5 P, (1) =6.3% 1
ble->TLEW (B9, PBLETICEH
Fedn S ALY — ATHHEND L 5 TH 5D,
Lo L BB EZBE R Wi, TR
WHHTHD] EF 5 TEILORHR G105~
FEOMCIIEkOBHIC LIV EL LY, T7b

b, BEI RO GTREEER L6, Sl
FHELIBK TH H, R - EELERCRE T 5
HEVHIE T 20T IEE S 2 & Th
BHo Lok C, SFFIISATRRFNS O B CILsE
CERELNTH S L DORBIITPEELNH D
O ThHb, T, YhEH (10~14%, 15~
195%) 1%, BEEKEL L EE OFE BTk
Qo kimli, L, FiHbod i gire
LIC Ute, TodiTe b, 205 ORI EHg
e & - CTRERMB B L b o0, FEsK
thE OB CHE Y BET 5 Lo ZB Lk bz
EDTAL TR 1o B TH B,

T ORER, BERME IS EE P (n) 157
¥k 4 8¢ B, (4) =5.8%, 5 [6C P, (5) =8.3%,
6 [HC P (6) =11.0%THh - oo TeBHHR L
1Y, LEEoBEBR\ DT K=14X32=448
A THBEND, QROEERMEANL L
DEE DS Y EERENE Powi—) =3.0% ~Pouis)
=7.0%8THbH, COEENLHRINDDIL4
FETTHhLHH, ERMEELBETS L 48 TLL



PRCI34E5 A15H

Basds HAE

RNEE BSE 373

B9 A< FRICOWTO HBEASEHERILTROEEHE 105A%  58)
SRR R R—E A X O DR LEE 1 E—
(@OBREERALLE - LTFaE)

——— ¥

1990

0000 eeeo .

1980

b/

1970

R TGTH o, £2C, Bttty b B
12, B4R & 51 Pouay & Pouc(n) &0
BIRZFAND L, Pous) = Pou (4) =1.2% 11
Pouc (5) — Por()=13% L ARETH 572, £
T, n=5EbFFATRELHEMTHL & L,

FEEA IR T, kb, BEChHF-
Bofiic, 255~60%% ¢ b\ & TR X 7o bk
T\ AIGOBRIARE O B AF IR CULARIRA B2 B 1o
MCIREEIMEMLU T BTN -& ) LT E
720

Vv £ £

AFR TR - TP LB BB PRl L
HETHB, LrL, BEOBESEEE TGS
s (BAE) W EROSER CRECE % &
MELT, BARRETRTSZ LeERAVEE,
1R OB ET > T\ B L5 THB D, %
R L, & & CORRFEARRE L FOHLI
ED TR, BEEEYINRT S &Itk »C
TRALE AT - T b, 1 @R OB CH E

fodi b, HEYCEARE A ERT 50BN HE D
7, FERBIC TR EED S 2 LI AT EHb L&
ZHS . & TR IR B EEEN X 5 T
T L OBRE A ED L HNERICTH B LE 21,
R DOBEI I BT 5 BRI DREE 4 b
HIREHE LT, R ORE &L EHIED S 0Tk
Mo 5 v AERFHLLONRSSL, Thibb,
BAEIRA T = 2R m® DS LIORE
(m® DES) &, m® LEREm©® Lokt b
VA7 ORI HHDT, BHHIOREL
FNHE & DZED 1 REEHCH 5T EED,
TN E T BB EDRRD B RELD LT HT
HBThH, ot oSl bonfe L
T, EBIEATSA vigERNHBY, Lanl, E
B LB o MR B 2 B 1 RSB A =
== ZEDDONREETH Y, P2 SAS/
GRAPH @ G3GRID 7' & v — 2 & Cit, FEiE1tk
DREHRD D ORFHEIRBRCHT > X5
T T\ A1,

AFOF L, FRE Lo X v EEKE



374 a8 OAAHER #H55

FR134E 5 A15H

B0 4 X RISV CO BB B BFHSECROE/mME (105AR + 5)
K10~ 1458 BE#R & 15~ 19RERER—E A & TR OF ka5 m—
(@OIIBHEBMALL - LITF2ET)

=3 BHEIEENETEE)
10 20 10 10 20 30 40
A
1990
1980
£
‘jz (<]
1970

DSOHBRENCHZ S ExE 1 OEEE L
TP L2 ERT 5, CO X5 HEIEESD
5RO CIREALEC L 5 TH LM, BEEKER
HEWHEZOERTH VR AR TVHEEL R
bhb, ¥, AR CIIFETERLH -0, FH
KRxRp\AMOR, FlziE, FEOTHER
7o ERDOCTER bR T ORI BB TE X 5,
AT Py (n) DEBHRINL5% & Licht,
FOR Y HEEER D B, Th CREREY
80% & LIcBEHI oW TR T AT, Eimd
BCiEER DR LB 2 I T14.1%, 3 [HT24.8% T
Bote, EMPFTIR20% 2L foDL25E1TH -
7o (21.5%). AEFABIHR TIL, KRN0
B~ 145% & 15~ 19 B 1B, R
R % 4t 2 Bl & Pow (n) 11 3 1 T15.2%, 4 [ C
22.5% LT ote, Bl &L, EBEMBRES% T
D By () 1S YR ERL, BERKS%
REAVIE L BIERETH - T,

L, BEECBER CRRIL10~145R,
15~ 19 F IR (2X 325 R) BRI TiIce

ERAHEIR T D\ TAT - T &1, 2181C16.9%, 3
[H]T24.6%TH -7z, TIbHISKEERE A H
TSR RER A N & L & F i 1 BT
EEHABBLIDT, ZDX57cyr —ATILEE
FHEELBETHHHLRCL 5 TH D,

A TR IERRE, FECRE A P Eib
LHEMCE b DOTHD, BELERAECL
T & EFRBEKBN BN X, BTH
DEALBKENE ZATRE %, Hie, HEERT
BEROEA, TR0~ IR TRDNT, 156~
19 Tl F D105 E It b2 LT\ iaBic, 10
~I4EEROFETERIT 1 BOTFEETH EEREO L
RBatz 5izEEmbbh, M9 Tl 5@
BAFRANC A I o Tie, 2D L35I, T
RGBT G BT 5 &2 5T,
P bR O & RREIEE DAV KELle>TL
F 5, R Ao, BLfEEo5 s
HEF BB OLTRYTT S NELDA 5B, Lhik
SBEEINT-FETH 5,

ks, LAl gl BB EASBEE R TN



SPRLISEE 5 B 15H

Th%h, BHERLELHLE LeEERROBE
A, TR ERZEE L5 0 CHIE
DI\, Bz, MR, SEERNRE
T BH505AFE T, FECERDERENCE > TP
MO H B EXE S boo, 1 OFHEt
X AEESHMRAYELCELT, B REEs
BTN - T,

Wiz, FTTHEIVNZICHIFE T, ki 30
BT < AT - ThBEREOS&E L LT
TOWTEERNL TAD, )XDEERA T,
m=m® EMERT S &, wAMEOS AN N
L LT,

Y
fht Am=rh+1.96 gﬂ%$ml

th ,

=5+ —_—

=h+2 N (1"
Thsb (h<<Kl), LI -»T, FTRLCHT 5

BEXE OB R8T

Am 1
o L 4
h 2 Nih @)

ThhH, 2T, &EMEFEN L HIFORTE
oy, thy &TRIE, &< 0w TI00f5 L BB
HDT, =100k, EEEL ZENTE D, T5
&, MR >WTHARTEL DR LEDHIL

1, L. L
Ny A Nthy A 100thy tho
1

1

10 5)

BETHL, Tihb, FBURIVIIVGEHIIFED
EERREIE, 2FEREY LD LENC10fE
BERWC L b, TRttt > m o2k
h IIEIE AT 50T, B ULEROFEELTH
- T, FEEERSIEFIDNIVER TIEEKME
DA B EE P DI RERIC I B,

B O Bl CLEBR LA 0BT T, BRE
Bk 5 M T ohE S hic E 2irg g b »
Db, 30T & F CEBERKE R A B EIA
5 % RIZHE F - Tt B i~ 7B i
IzrdbobBbns,

¥ 7o, BEREORCKT 2B TROBE/LOH
SETHD S, DETFARLERS D75 7 D
Fh, ETHULC EARBLIEERTHS EL
THBTHZENTELD, Tiobb, AH0F
A DRI R OFH IR (19934F) 13,

H4s%k BARMWE FosE 375

WeHHiEy = L2164=147, ABHETETK =
{19.1=4.4, HIMFE= 5.4=23TH b, HHH
D8, DRPERF B LT 5,

Ahie, WREyEELEETR S oM
CW->TITOBELXE2D L, WEEHLFARE
BEDEHTH-Th NANES s b dic A0
FAEOBEL D bRE B, LT, %
D L5 BB LS TAAMBO r — A &
B LRSS TR E 50 C, Fgbafrs -
ENBWTHLEFTL LD,

T, BfFEE A S LA, B
NDBEN YD L 5 REINTL A onTEL
THhb, B1OEFLTE, Ef EFER) 23
(34F) LBt T- A b 588, n=10
T /5 BETHHL, n=30TI1L2/313LTd
BTh, 2oz EnbY, BEERLTE ST
P WHRROWEE LS, Tieht, BIUFEOH
DX 5y — AT, LB RCERELETS &
T BB, 52 ORIGET b, FEL
DNHELZHET HES, #EBA LU ED
HiF L5,

EMEBTAEY & BB ARG I, Y] &k
LB TO S, 13001 X b b Kk&Eh ot (Bl
B Clr10.036, HEIBEASWEIR TIL0.017),
B OER TRATRALIAIA X W ied,
ORDOBERE & DN E L b e, F
Wk D I BT H BEKEL» B/ 284S
Pt BN I te b FEXLBND, ZhBHOFITH,
95% B e 5 < B8 1 O EHE L SR O BUR
ES,c&E S5 F 2oy, Rkct+omeX
HHZEIELVX S THB,

AR COPFFEL R B LD
BIHOT, FEMOEBHTED, EROFT
RF -2 BH LA, £ 2T, B PELD
0B LEER, HRRE A CEBRI
WETHHERXESMC Lz, i, PRl
ROBEY L HEEYRE LT, B EEE R
ETHICDOE 2 OFEEL Ui, HIAY: 3R
W LR, AFRRETES > BRI
HLIMET S ECERTAD Z LA,

Z4F 2000, 5.29
BRH 2001, 3.23



376 sk BHARAWE BS5H

X 53

1) Rothman KJ, Greenland S. Modern Epidemiology
2nd ed. Philadelphia: Lippincot—Raven 1998; 490.
2) James IR, Segal MR. On a Method of Mortality
Analysis Incorporating Age—Year Interaction, with Ap-
plication to Prostate Cancer Mortality. Biometrics

1982; 38: 433-443.

3) Ohtaki M, Kim D, Munaka M. A Nonparametric
Method for Estimating Interaction Effect of Age and
Period on Mortality. Environmental Health Perspec-
tives 1990; 87: 115-121.

4 FHEBES. =k — PPN 48R - B
Eak— b O 3HHROWE T BHEREE
1984; 13: 11-26.

5) AKELH, Hk—B, ERE®E . BEmt
k= MC X BN EECERO TRk & 4
FERFECOMENT. HARZERE 19905 37: 979-990.

6) Robertson G, Boyle P. Age—Period-Cohort Analysis
of Chronic Disease Rates I: Modeling Approach. Statis-

SERCI34E 5 A 15H

tics in Medicine 1998; 17: 1305-1323.

7)  Robertson G, Boyle P. Age—Period-Cohort Analysis
of Chronic Disease Rates II: Graphical Approaches.
Statistics in Medicine 1998; 17: 1325-1340.

8) Devesa SS, Donaldson J, Fears T. Graphical Presen-
tation of Trends in Rates. Am J Epidemiol 1995; 141:
300—4.

9) HRE—, BRLUFEB. <V avic X BT -
SHG Y AT ADOMIR. ARAMWHE 1999; 46: 848~
857.

10)  ADBESET. BEAAKETHREMERE, &,
BN BAEHF S, 1963-93

1) MR R, BREFRE. 2L R T Y v ST,
HO HORRAERS, 19815 24-25.

12) M B, il R RETSAER. HOR RS
1989; 378-380.

13) MAREAX, MIARE. FHbezov 7+«
7. IBRREESE, 1990; 19: 79-92.

14) SAS/GRAPH Reference SAS Institution Cary, NC
27513,




SEREISAE 5 H15H Has RARAHE FS5F 377

CRITERIA FOR DEGREES OF A SMOOTHING METHOD APPLIED
TO MORTALITY RATES

Seiichi NEGISHI*, Hideaki YOKOYAMA*

Key words: Age-period-specific mortality rates, Weighted average, Smoothing method, Confidence inter-

vals

Purpose Age-period-specific mortality rates are smoothed by methods to clarify their characteristics and
trends. In the present study a procedure to determine appropriate iteration times for weighted
averages was devised, and examined by application to mortality data.

Materials and Methods Mortality data for leukemia, solid neoplasms, and traffic accidents caused by
cars in Japan were employed. The smoothing method was iterating weighted averages over age-
period-specific death rates and their four nearest neighbors in age-period data tables. The prima-
ry condition, which the iteration times should satisfy, was that the differences between crude data
and smoothed ones were not significantly large, i.e., smoothed mortality data should be within
959% confidence intervals of crude rates. Therefore, the following steps were adopted to determine
appropriate times:

(1) estimation of 95% confidence intervals for crude age-period-specific mortality rates.
(2) determination of iteration times under the primary condition that the proportion of cells left
out of the confidence intervals should be around 5%.

In cases where the proportion of cells outside of confidence intervals was still below 5% even
with 10 or more times of iteration, an index of convergence of smoothing was introduced and used
to determine appropriate iteration times,

Results  For solid neoplasms, appropriate times of iteration was three. With leukemia, the proportion of
cells left out of their confidence intervals remained within 5% with iteration 27 times. Therefore,
an index of convergence for the smoothing process was used to avoid over-smoothing. As a result,
a value of five was obtained. In the case of car traffic accidents, even only a single smoothing did
not fulfill the primary condition, because mortality rates increased very rapidly from age classes of
10-14 to 1519, the mortality rates for the latter being about ten times larger. To deal with this,
the proportion of cells left out of their confidence intervals was calculated excluding these age
classes. As a result, five times was found to be appropriate.

Conclusion The smoothing method in this study is simple and easy to apply to mortality data. And
procedure to determine appropriate iteration times is based on an inferential statistical method.
Applying the method to three kinds of mortality data, it was found to be practical and useful for

clarification of their characteristics and trends.

* Department of Medical Information Science, Jichi Medical School
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