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Abstract

In the face of severe global pension situation, the effect of individual study on mortality of a coun-
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try is often not very well, we need to build multi-population mortality model to fit and estimate
mortality. The study of multi-population common factor mortality model can better capture the
commonness and difference of the studied populations. Most developed countries have a deeper
degree of aging than China. In this paper, the Individual Lee-Carter model with independent mor-
tality is used to extract the age and period effects of 14 countries and regions, three clustering
methods are used to visualize them respectively. The common age effect model and Joint-k model
were combined with fuzzy k-Means clustering and queue effect to construct four new models:
fuzzy Common Age Effect model, fuzzy Joint-k model, r-Common Age Effect model and r Joint-k
model. The numerical results show that the model combined with fuzzy k-Means clustering has
better fitting and prediction effect. The model with cohort effect was not very effective due to the
limitation of model and birth year. Therefore, the common factor mortality model can improve the
prediction accuracy and provide constructive suggestions for countries and the insurance com-
pany. This paper is a useful attempt to study multi-population mortality using machine learning.
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1. 518§

LA OEELRER, RENDRFHREG KSR, NOZBOREE—BInE, 60 2 KU -
NEHES] 2.6 {2 N, HLELF] 18.70% [1], FHrh 65 % K LA E A 5 E 13.5% [1]. FRE R H 4 45
KFEMBUR, NEBPFEMUES . HETREE ST RS IET R At i s, A ANFEE T EAK
H3 A F SR A M, SECERKMFREE 0. 2 AERKEWE, 2 NOJET A, AR
N VRSB TR0 A A 348 el B LR, SEILSEAT R AT, PRARIBURF . (RIS A =] 5 Bl 52 1 K
FFAKE . BATRAZAERKALF PR, HR T EER TR RN AER, 325 Tl
FE U A A R

FEE AL, B SE TR L Li A0 Lee (1992) [2]42 Hi i) Lee-Carter (LC)RMY, AR AET- A7 i
NS RIRTAN 7. BT LC A, NACFEAFIF RIS, RSN R RS BN, AR T ST
1) Lee-Carter (ILC)#5i%4; Carter fl Lee (1992) [3]75 ki 2 N @B AR, Bk 2 MR RA
HILFEREE T, @22 ANOREA K Qiont-k)EAY; Li F1 Lee (2005) [4] it Jiont-k A7, £ Hi 35wt
A7 (ACF)Ei%Y ;. Renshaw #1 Haberman (2006) [S]AIIAET-F 5 NS AR, —H 175 & HAF
43 RS ) Renshaw-Haberman (RH)EEL; Currie %5(2006) [6]% 3 [ #4405 i Dy G RH AR e phy 240t
2 HILAIAR T I, P AR SRRIAE RS - A - BABI(APC)#E%Y; Kleinow (2015) [7]%5 & T ity A T
SRR ST ILC BB R IR TS T, S T JL RIS 208 (CAE, Common Age Effect model) 844, & B
— MR PR R SN ASE TR T DAHE) T B 22 M R BEHLAE TR RS . Hatzopoulos AT Haberman (2013) [8]5 FH ASE K]
A, 43 H1 T 35 A E S HH RN AR A, F g — N A R B4R - B KR A5 AL (Common Age-Period
Effect model); Danesi, Haberman (2015) [91#/F 7% T I/ MTAEFE T K@M R it —Dig f, #5iR T Bk
BT R S TR & R I ) BN ;. Enchev 25(2017) [10]H CAE #7584, ACF #8Y K H AN S B 4m I B R4 T
TECA BT L, KIL CAE BRI B E & WM LA B KIS0 T- 2 4045 Wen %5(2021) [11]H 12 A2 A
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FIZET R B & Jet% = 10 DAE A2 - LU RHA, KILAET: F [ 255 /K4 5% Schnirch AT Kleinow
(2021) [12)%53EF 2 FhIL [F 4R RN (M %, 45 H CAE BRI T KM DU R AR (A, K I fuzzyCAE fE7Y
EERHE SRR T2 88 RE B 5 3Rk

FEE P, BXHI45(2020) [13]3E T [E Hdmn) Jiont-k #E7 . ACF KSR Kz HpiANY R B HEAT W LG, 46
5 2 N DVRSERLZE b [ (38 IS 0L, R ILAS IS SR RS IR 22 N 1 BEATLAE T 28 B 20 e A5 38— B S8 T 22 00
i, S5 talE; FBeF. %5 (2020) [1ADMFET-Z AR AL EAT 1 [ BUANAR BE, EdE A0 T 28 i A A
2 N EABET AR AN TN, & BLADL & AN T AL R BE AT R T, SR8 R S G vk 25 07 ik Al St 7t s
B, FIE%(2020) [15]4i3E 1 E N AM2 N ABENISE T2, Sgh 7 2 N DB E AR E AN DR %
R I F b IR 7 S0, R DA AR AR ] DAy 45 o ] % RN b [X B3t T 47 19 N BB T S T O 85 X1 (2022) [16]
K H Lee-Carter #5284 F01 DL 73 E RIS T 551 N CIAE T3, 45538 8] Lee-Carter 3& & 2 AT ; U
WA E A KA T 18 (%6 (2021) [17]3E T B B i sE T R Hds, 43 A% A CAE £ Individual
Lee-Carter #5800 F0H 5 2ok K W T E AL T 2 A AT 1AL BE, 25 R W] CAE AL B 4T

ACHET ILC 58, L[RRS4 RS Y (CAE) FIIE A K ALY (Jiont-K), #4)EE DY /ST AR HEEAT 1 AH B
PIEAE T, 338 T —8 5 BRI L. B E N4 T ix 2 N R X R SHA T s 2B
=N AIET IRER 2 N OILRIE AT R B A BRI A2, f4E fuzzy CAE #i4L, fuzzy Jiont-k
R, 25 FER W, e T BRI AL A& ATt ROR BB A0 T RS AL, fuzzy CAE & 2E LT Kleinow (2015)
[71H2 1) CAE R B8 DU A A48 1 5043 AF A I BAF RLSE IR 22 N\ 11 35 (] DR - B0 T 2R A5 ) 5 (AR 40t
T, 4E rCAE HEAIAN rliont-k A5 A EUE LU XS 25 7, NS 73 A S80S, AR 2R () RA R Ve iR B 2R o
TAk sl RSy, WMELAGRAG TAE, FEAScE By n) .

2. IRBIN R
2.1. Individual Lee-Carter =&Y

FETZ2 8 Lee-Carter S8Y(F(L)), 724 T —Fh & FHEIE T 2 EAHSL ) Lee-Carter HAI(ILC %Y,
Individual Lee-Carter). ILC A2 —MZFEEFET R TTE, 0l Lee-Carter BRI IR &ANFEEH)
FETE, BB 1=12, | B, k WEFFRMLR), WAL ESH, BRRAAnX(2). H ILC B
RIS AP oy, B K AB,  BIBEUR/N TG TS 4L

In(m,,)=a,+Bk +é, )
In(m,,;)=a,; + Bk +&.; 2)
B ME T R

e, o =In(m ) =ay + Bk e O =0 NTE LR X SIARIGETHL AEREL

xe{0,1,2,-- X}, Fhfite {2, TL---, T}, EHSHMXEie{1,2,--, 1}, BREFHE €{1,2,--- k}
o, R VA NBERIB AR R T, 058 | D ABERHBE T MM K SOBRER | A N BOE T bl
I A ARG HS s B, AR T, RBFERE ZX K, IBURFRRE, W R L&A Y. B, =1, Xk, =0,

2k =00 BUMEAE), @M S IHE, HRTENERHLLIFIE, TR SBhrEL:
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wa,t,i ( fti _Bx,ilzi,t)

ax’i Za)x,t,i

- wa,t,i ( fyei =i )lzi,t

Bui= t Za) K2 (4)
. wa,t,i ( T =0, )/}x,i

kt.i B wa,t,i’gxz,i

2.2. HEIFERBBIERHK(CAE BRI

2.2.1. HEFHYMHEBY(CAE ER)

Kleinow (2015)#& t T L [F) 4R B ROV A AY , SR I — R 140 4 14 RSORE T LA ) 22 b e B ATLAE 12 SR Y
i, ().

In(m,;)=a, +BYkY +B7k? +e,,, (5)

FRH xe{01,2,, X}, FEmite{l,2, T, T}, ERaMXEic{l2, -1}, KEMHAH
lefL2, k) o 8 I MABERIMEIAER N T, R85 | N ABEHOE TR k) Ak s
| AN NBE OB T S B A e, BY A B 2L RIAERS E T, ARFEFEIRIAEH B 3%t kY A k(2
BRERE, WAARITA BRI FISER AN i e SR TR — Bk, T3 L BL R A% A
Yl -1, Tal -1 Y -1 Sk -0. Tk 0.

WA A ST 1A B Mk 1 CAE B, 4n(6):
In(mm ) =a,, +Bk +&,, (6)

X Nt

2.2.2. {ERERER B ER (Fuzzy CAE)

B ILC B R LA 2R NFHEEIN oy 1, B, K Al THE . 3T Simon Schnurch, TorstenKleinow %%(2021)
[12]3/ th A RBORI IR K MRZR S, HIRSOM) k-Means ZESRSRIURAER AN B, ROV k 38, WIASSRJE BEAERE U,
U BRI AND 0 SRR T3 | Z. % U MUAEH —A B, Ak i) CAE BIRIEE &, i i ik s in =X

(N):
In(mx,t,i ) =0y +[iui,l Bx,l]ki,t )
=1
FELAA Y B, <1, Tk, =0, Yu, —1. dHARUREI IS, BT A% D,

t |

MBHON A, WIARS 53 A A, =m,E, .+ BI D, ; ~Poisson(m, E, ;).

mm=exp[ax,i+(Zk:ui‘|BX‘|jki'tj, BUAREINE)R, BUHAL AP BUARHn s (@), 2 ¢ AL
1=1

Ex iMyt,i i
| (ax,i s Bx,i , kt,i ) = l_[x,t,i %

Xt

Zk:ui,l By ] ki,tj_ Evii EXp(ax,i +(Zk:ui,l By jki,tJ:| +C )

1=1

exp(_Ex,t,imx,t,i) (8)

L=L(a,; B, k)= Z{Dm (axyi +(

X,
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oLl /oo

X EANR R BOL B, G bwisf o =g - — 27,
2L /06?

T1 D ..
Go= =3 In| 2|, B =00, k, =01, BEEHITR
115 E ' '

X, t,i
k ~ ~
Z[Dx,t,i —E,.i EXP[&x,i +[Zui,l B, j ki,tD
&x‘i =O;x,i - : K =
Z Evii exp(&x,i +(Zui,l I-S’x,|] Ai,tj
T (=1

) Z(Dm ~E,., exp{o?xvi +(guiy, é*v'jlz“D K.,

IRB & FAEIN, S5RTER .
2.2.3. IABAFUMEIE) CAE RE(rCAE)

i B E N

(10)

USRI A R — HORFF — B E RS X, FEFAEE . Sl 1 BRI (1) CAE 15

R GE R L, SRR R IA N a((11):

Inm, ;i =a;+Bk, +6 +e&

Xt X4

(11)

Hep, o= (t—x) R hiAESE M. M AEENMEEGOEE N, el S B0 A, dish

Pttt S 4.

ZZZ%J ( fyei =i = éxlzi,l —f )2

x=1t=1i=1

(12)

G R AR Tk, =0, Y B =1, Y. =0, Yor, =0. BMEIDR, HEEIFR

X

(13), dkBEkA, HEWLL LK. RN S L RN,

za)x,t,i ( fx,t,i - éxlzi,t - i:lc) . Za)x,t,i ( fx,t,i _&x,i - f-;,c)lzi,t
&xi = ’ Bx =~ -
, Zt:wx,l,i Za)x,t,ikiz,t
t
R za)x,t,i ( fx,t,i _&x,i - ﬁ,c ) é>< wa,t,i ( f><,t,i _&x,i - é><l2i,t)

r C

L= I

it 32 1 i,c
Za)x,t,in Za)x,t,i
t c

2.3. & Jiont-k)iRB K Hif &R
2.3.1. Bt& K (Jiont-k) =&Y

(13)

Carter 1 Lee (1992)#¢ 1 7 2 N O HIEE K Qiont-K)BLAY, B 22 /N B4R IFE T 2 2T JL [F] I 3

¥, BiAamEAn=14)
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In M, =0+ BaK e (14)
Tl xe{0,1,2,+, X}, ﬁf{\iﬁue{lz T, ERSMX (12,1} o K RILE R ]
SRS 4‘ADXT§Q§EE$&HT§ﬂ§1%Eﬁ/\H%%: DRSBTS RME T, 2 DA

_Fé/‘jﬁﬁ%,ﬁ:: Zﬁx,i =1, th =0,

2.3.2. BB E K (Fuzzy Jiont-k)#EEY
[FIFOR] CAE HE7, fi FIAOH) k-Means SREEELILHREIN WAL, kB8 k 26, AISsRIBEMHFE U, U %
AR SRR TR IR % U RS H A B F1K 1 Jiont- kﬁ%i,n &, rrAEREI(15),
T LI KA Zﬁx,i =1, ZKH =0, Zui,u =1.
X t |

k
Inm,; =a,; + Z(Ui,.ﬂx,i Ki )+ Extii (15)
=)

BRI AL T 2. RESETS NEL D, IRMNZHUN A, AR 3 A, A =m B BR
D, ~ Poisson(m,  (E, ) - A4 SET S HMAN ARSI bR AR -

Dx,t,i
I (ax,i 1 Bx,i ’ kt,i ) = 1_Ix,t,i Mexp( Ex t |mx i )

Xt "

BO#, A3 na(16) BB e %, Horh ¢ v H L.
L= L(ax,i P Kl,t) = Z|:Dx,t,i (ax,i + Z(ui,lﬂx,i Ki )J Bt exp(ax,i + Zk:(ui,lﬂx,i Kit )ﬂ +C (16)

X,t,i
o™ /o6

FEXTEAUR R HOA BB K, 5 &R R AR o = g Y BEEVIRE -

T1 .
Am%Z'n(E ] b, =01, K, =0.1. A{EHSHfiHRAT):

X,t,i

Z[DX exp[a +Z( U, B

K,
&':&x,i_ \J

)

5[0 B[ S0k K.
_ ZEX“exp(a +z ,,ﬂX,K“j

) Z(Dm —E, ., exp[o?xyi D

S 00 2+ 3o ..ﬁx.K.t)j i,

zEx,t,i exp[ +i | ﬂ

| l

17

WAL ARRS, {5 IEIEAR

2.3.3. INBAFUSIRIEY Jiont-k #E&(r Jiont-k)
Xt S 250 (10 SR 2R B — B R R — B [ R X, HIR N T BB RN Jiont-k A5 70 b 24,
o =(t—x) RoRth B, BIHRLAMR(18):

DOI: 10.12677/pm.2022.127136 1247 S H


https://doi.org/10.12677/pm.2022.127136

ot

ai

%
In mx,t,i = ax,i +ﬂx,i Kt + I"i,c +gx,t,i (18)
oy AR EAERAR I G R N, AR I TE, D ZIRETE S BMER(19):
ﬁ: > »I Dy i ( fx,t,i _&x,i _Bx,ikt - ﬁ,c )2 (19)

/H‘:E'j’ fx,t,i = In(mx,t,i ) = ax,i +:Bx,iKt + ri,c +8x,t,i ’ wx,t,i = dx,t,i j'\jY:E t E'E X kj“ Eﬁmmu}gtﬁ“ ﬁﬁ’%g‘]ﬂi%,ﬁ:
D Bi=1, YK =0, >r.=0, Ycr, =0. &MK9), HKXQRO)KSEMGTHE, HekM, H

R LR o B W AR I 2 504 Rbr AL .

. wa,t‘i ( fx,t,i _ﬁx,i Kt - ﬁc) R Za)x,t,i ( fx,t,i _an,i - ﬁ,c ) Kt
ay; = , = -
X,i wa’t'i ﬁx,l ZCOXM Ktz
t X ‘ . (20)

R Za)x,l,i ( fx,l,i _&x,i - ﬁ,c )ﬂx,i wa,t,i ( fx,l,i _&x,i _bx,i Kt)
Ky =— ~ o=

2B ’ 2Dy

t c

3. ETREMZ AOLEEFRTRIRE

¥ ILC B[R k AR, BRI BB k-Means 2454, 1 & E S AERS IR A0 B8 2K,
W IRRLE RS CAE B, Jiont-k BRI 45 Aok s R SR

LI 14 AN E FOCHEE RRIMFNEINE R, Kk B KB IA 2554, B Wen (2021) [11]5F FIAN R+ 22
ORI T RS G IAE, BUFEAILHE T R FE 20, AR KRR EL . K
FLIX 14 N E K ALK [¥) 60~89 £, 1995~2018 4 [JHEARIE T 2 E0 4 « B SR ILC AR AL 43 Jl $2 HUAF e 2%
LA RGN R B . BT CAE MEAYPREUIL[RIE RS RN, 1 Jiont-k A5 R E L [F) B HH AR S, 4 H
FETH k-Means 2411 fuzzy CAE Al fuzzy Jiont-k #5227,

Table 1. Researched countries and stats
%= 1. ARHOEREFRBM

75 4 Y4 Fr I i

1 B Austria BRI

2 JIEN Canada ML

3 i China TR

4 P Denmark B

5 DA France (i

6 7 it Greece R

7 A HongKong R, P E R
8 H 4 Japan RIE

9 wWET Portugal W G e
10 THEE Spain W
11 T i Sweden JbREx
12 i+ Switzerland R R
13 HEEE Taiwan | AL S ES N N
14 i UK R 76 48
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3.1. ET CAE {RBFIEMIR AR

HET CAE AL RO ARl T2 ILC AL SRR FEHERE U [F] CAE BEBLZE 515 2 i) el kA5 2
Hi ILC BRI BRIUAE RS RN, B ikttt S8, 14 1 &2 ILC RS HATHE . BB ERe N 78
82 G I RIRIRAE N, JE BT IR IEH o o [ (4 i ROS AN RN AR s 4%, v 5 3R 7 300
DR S RE R A R BEEFRE, LR LT, BEERAURRE, JEITRTERE, Sl RN
MIRURRE R S KR I, AP E A2

S S
o [}
o Y g
: =}
9 . S .
© o X
2 3 g
| o
e |7 - ™
L{l) -I 1 1 1 1 1 g =L 1 1 1 1 1 OI- EL 1 1 1
60 70 80 90 60 70 80 90 1995 2000 2005 2010
nianling/sui nianling/sui nianfen/nian

Figure 1. Results of parameter estimation obtained by ILC model
1 ILC #ASEIM S it R

3.1.1. Cmeans 83

WRE 2 ()25 TNV SN REOE R, ORI rIEECR S, =Jeuk., T
Hartigan-Wong 306 47 8 0N 52K o 1 A 1 22 - J7 RBR /)N, R TR] - J7 RGER K, R 8k %T , between-ss/Total-ss
535N 25.7%, 47.6%, 66.6%. FKAEMXAGIR, HEEFEHCH 3K, WFE 2 () BT IR B R A YR

HIAT AL R
0.0100 :
1 5.0-
1
0.0075 1 ' - g Cluster
: - 1
| ' 2
0.0050 | oo- oF
4| 4
0.0025 1 ' @
' -25
1
0.0000 . } .
1 2 3 4 5 6 7 8 9 10 -5 0 5

Figure 2. Results of C means algorithm clustering into 4 classes
2. Cmeans BAR N 4 EHER

3.1.2. BREE#,

BRI RS, 1 14 A b[x il AR, A Ward.D2 &, HEREEIMERB YN EL, P45
b, SRWE 3R, ARl AR N=FRMIURMEE R MR N =KK, b4 F1b7 43584, bld, bl2,
b9, b10, b3, b2, bll, b8, b6, b5, bl, bl3 K—4. FEHE=KKNE %, bld, bl2, b9, bl0 K—4H,
b3, b2, bll A—4l, b8, b6, b5, bl, b3 A—. HTFHEIET HAEH BN [ B S RAHT, K
SRRSO — 2 B T ARR R E B IETE ARSI R TR T AN EE AR, BRI A A
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Figure 3. The result of grouping the age effect into three and four classes by Hierarchical clustering

3. BRBABFRYNR A= LM ARLER

%2 RIET K BMEERS, BRI k-Means 20K 1X 14 AMHLIX I b[X, 1158 N, =2 FPU 2k
MIZER . NP =R AT A R IR R — 8, BRI k-Means JE2845 FANHT /N R 152 AR
Ko HATHFEI T, PHEEWRMy —H, FBW AR —H, HrEEZ A —H. REEA U
AW, M, SEMPIE KT, SRR R AL B, EMAETRIEKT, BURSEHAL
DR 2R A K

Table 2. The clustering results of age effect by three clustering algorithms

2. ZMBREETFRYNELRNER
B4 X AR RS RN bl b2

b9 bl0 b1l bl2 b13 bl4d

o
w
o
S
o
a1
o
»
o
J
o
[e°]

cmeans PR 1 1 1 2 1 1 2 1 1 1 1 1 1 1
cmeans =2} 1 1 1 2 1 1 3 1 1 1 1 1 1 1
cmeans P42 1 2 2 3 1 1 4 1 2 2 2 2 1 2
Hclust P53 1 1 1 2 1 1 2 1 1 1 1 1 1 1
Hclust =2 1 1 1 2 1 1 3 1 1 1 1 1 1 1
Hclust PY2% 1 2 2 3 1 1 4 1 2 2 2 2 1 2
Fem P28 1 2 2 2 1 1 2 1 2 1 2 2 1 2
Fem =3& 1 2 2 2 1 1 2 1 3 3 3 3 1 3
Fem Py 1 2 2 3 1 1 2 1 4 4 2 4 1 4

3.1.3. R FEFRBRIER (Fuzzy CAE)

Simon Schnurch, TorstenKleinow %£(2021) [12]42 H BB KR EESS, KR k-Means R85
LR THE &, AT S EITE . FROVERIEREE, REIVREAARNIMESR R TR 3, AR
TR B MR T A BN 1. %12 A inaparc 1) kmpp FiI imembrand & (55
Hrap e 2, BY IR EEM U0 MATREE P 0 VO T HH k-Means 33 5 ik (fom,
fuzzy-k-Means-clustering algrithom)sf FE54 RN 52K, 19 3 i 4 SR g FEAE R U AR 0 Vs
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R 2 I B k-Means RISFLIOR AU RN OISR, =RMPUSEIEER, 4 RS RT R ER3T5
FAHZER. B3R, Rl BRMA, AR, A, HAMBEGERY %, mER PE, T,
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Figure 4. Visual display of fuzzy clustering results

B 4. RMBRELERNTIILRR

F SR SR 2845 280 (0 S8 FE AR R U 142 3 B, 03X 14 ANHEIX 43 3 ANER, = MR EL  5:4:5,
B BB ACR RN SRR TR RN BER

Table 3. The ultimate membership matrix by fuzzy clustering

3. RMIRABINREREEIER

75 Cluster 1 Cluster 2 Cluster 3 Fe Cluster 1 Cluster 2 Cluster 3
b1l 0.8931 0.0462 0.0608 b8 0.4496 0.2901 0.2602
b2 0.1018 0.5733 0.3249 b9 0.1421 0.1896 0.6684
b3 0.1756 0.5492 0.2752 b10 0.1856 0.1636 0.6507
b4 0.2477 0.4159 0.3364 b1l 0.1527 0.4079 0.4394
b5 0.6687 0.1235 0.2079 b12 0.1874 0.2123 0.6003
b6 0.4836 0.2154 0.3010 b13 0.8870 0.0482 0.0648
b7 0.2777 0.4064 0.3159 b14 0.1436 0.32694 0.5295
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ERBIEH TR . HRERECH 30, BAESN 16, HTHMKELH 8, HMIXE i N 14, HH KN
3.
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Figure 5. Results of parameter estimation by fuzzyCAE model
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Figure 6. Age effects of various clusters in the fuzzyCAE model
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Table 4. Optimal value of ARIMA sequence, AIC, BIC and sigma”2
% 4. &t ARIMA 551, AIC, BIC, sigma2 &

At arima AIC BIC sigma”2
klarima (0,1,0) —-73.47 —72.06 0.0004
k2arima (0,1,0) -97.07 —95.66 0
k3arima (0,1,0 —-38.83 -38.12 0.0039
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Continued

k4arima (0,1,0) -91.78 -90.36 0.0001
k5arima (1,1,0) -72.18 —70.05 0.0004
k6arima (0,1,0) —77.23 —76.23 0.0003
k7arima (1,1,0) —65.29 —63.17 0.0006
k8arima (0,1,0) —73.18 —71.76 0.0004
k9arima (1,1,0) ~75.92 -73.8 0.0003
k10arima (1,1,0) -73.39 ~71.26 0.0003
k1larima (0,1,0) -93.12 -91.71 0

k12arima (1,1,0) —87.34 —85.22 0.0001
k13arima (2,1,0) —80.96 —76.96 0.0002
kl4arima 0,1,1) —86.54 —84.41 0.0001
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8 TN, AR M, ~exp(dy, + Bk +5,0) o 8 4P BIEHIEAA T ZAUBK 2015 45
[ LR 5, fuzzy CAE BUBTIIFET %, CAE MUNTIIAET R, WEMIE), & fuzzy CAE A
A H BRI IR £ . Fuzzy CAE BURI BN A M SR BEE, Bk 00 #91/5, SERAZ K,
R T B, X2 B SR .

4] 9 S BLHIF] 75 41 85 % A (SRR BUAE - 2 (B, £06). ScBRAET-SRPANR A, FIMIEL:

PN, BT BARfom TS, 7 e siik.

o Ke) N o |
T 2 <Q
x ! N . x
|
1995 2004 2013 1995 2004 2013 1995 2004 2013
k[1,] k[5,] k[6,]
o g o ©
2 ‘\\\\ g e 2 ]
o) <t
X ; X |
. \ . N

1995 2004 2013

kI8,

1995 2004 2013

k[13,]

Figure 7. Predicted values over the next eight years for six countries and regions
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Figure 9. Actual and predicted mortality rates for people aged 75 and 85 in Austria
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Table 5. AFE values of 14 countries and regions
5. 14 NERMUEXE AFE &

X 1 2 3 4 5 6 7
AFE 0.0319 0.0415 0.07482 0.0408 0.0331 0.0367 0.0546
X 8 9 10 11 12 13 14
AFE 0.0280 0.0503 0.0378 0.0294 0.0388 0.0391 0.0367
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3.2. EF Jiont-k REIRIIRIIR AR TS
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Figure 10. The 14 period effects were grouped into 4 and 5 classes respectively
10. ¥ 14 DETEARI 72 AIER A 4 2670 5 3K

322 BIRE¥

A RRACEE B, 5 14 DAY k  FIARAAE, B Ward.D2 SRR EIFU) 0 B . &) 11 #5258
KON N =M. P)y =R, rPEEMOy—, AHE, PEPEE, By 3K, HAhroy—3%,
il cmeans SRE45 FAHF . JEOGVUSKRRS, b [EAFHEM A ARy —3, #MERWATEHIX, WIS
EAE

3.2.3. BB A K Y (Fuzzy Jiont-k)
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Figure 11. Hierarchical clustering tree is divided into 3 and 4 classes
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Figure 13. Parameter estimation results of Fuzzy Jiont-k model
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Figure 14. Period effects of each cluster in fuzzy Jiont-k models
[E 14. Fuzzy Jiont-k 28 &N AN BT EARI L

TP Ak 8 R HIXAET-Z ., K H zoo, forecast Al stats 1, FHF RS I ) BEATL i & B AL 40 & HdiE
Tk BIE AFFEIRA M, L~ taxp(écx_i +6X,il250+t +sm) , STMEIFET-Z, & 15 & 2015 -5

€, PHEREEMH fuzzy Jiont-k, Jiont-k TRINISE TS FISLPRIET 2, (Wth, MEMLA), FFRa
SRR PR A0 RO TR S R AR AT, H fuzzy Jiont-k BRI R REE 47, PFEZSEBRAET- RAS SR, Tl
PIFET 2T, ool 7 aX MR A
16, X TIEE AN COAFSEA 75 5 f1 85 AT R, (AL teshr, W2 fuzzy Jiont-k %Y,

72 Jiont-k 1i4Y), fuzzy Jiont-k #5281 I FI0MI AR 4« 25 RS fuzzy Jiont-k 154, 016 8 R BAR AT,
TBE T RAC T SEPRAET- %, 525, 1 AFE WA . & 6 & AFEE, #B/NT 0.029, fHL&F0
TR . Fuzzy CAE B AFE {H KT fuzzy Jiont-k, fuzzy Jiont-k SRR B 4, (HIE T HLAT 4R
AN RS RN R B, n4kee sl g —F 454 . Kleinow (2015) [7], #XBH(2020) [13]4542 H 4R A1 7
HIEAZ 80 SO R R . S5 S5 )4 CAE REARYFN Jiont-k A 8 im BAF1 2k%

— ‘<_r -
S S o
[} - Z
— o
2> o z o 2 N
= O 4 = =
g o g -1 g ©
<] i S o s 2
£ E S 4 =
< o .
o
S 7] o
. g &5
o o
g T T T T T T T T T T T T T T T T T T T T T
60 65 70 75 80 85 90 60 65 70 75 80 85 90 60 65 70 75 80 85 90
Switzerland Denmark France

Figure 15. Actual and predicted death rates for Switzerland, Denmark and France in 2015

& 15. Ft, A%, RE 2015 ERISEFRFITUNZE =%

Table 6. AFE values of 14 countries and regions
#F* 6. THANERFMMXE AFE KIE

75 1 2 3 4 5 6 7
AFE 0.0148 0.0010 0.0289 0.0061 0.0057 0.0047 0.0263
55 8 9 10 11 12 13 14
AFE 0.0126 0.0084 0.0063 0.0032 0.0030 0.0216 0.0138
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Figure 16. Actual and predicted mortality rates in French people aged 75, 85
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Figure 17. Results of parameter estimates for model rCAE
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Figure 18. Actual and predicted mortality rates for Taiwan, China and Japan in 2015
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Figure 19. Result of parameter estimation of rJiont-k model
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Figure 20. Actual and predicted mortality rates for Taiwan, China and Japan in 2015
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