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Abstract

The common age effect model is a multi-population mortality model that extracts the common age
effect shared by all data objects from multiple population data. For the first time, we use the
common age effect model to study the mortality of men and women in China. Based on the Chinese
male and female mortality data, the maximum likelihood estimation of the Common Age Effect
model and the least square estimation of the Lee-Carter model were used to process the data. The
results show that while the common age effect model processes the Chinese male and female
mortality data, the effects of fitting and prediction are pretty well.
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1. 518

BEE AR, MMPAAZKCFREST ACFiE S, REANDHAER TR, JHrRgE, BREK
R, NRFHHEGEEMRERTT, ZEADHBANOMLERZZEERET. FLRANDEELERE
R, BEANC 10 SR SR FHIGHEE K, ANDZRAREER—D iR, KE60 2 kL EANNFH 2.6
e N, HLEIEF] 18.7%, 65 & KL EANIDA 1.912, 5k 13.5% [1]. X EMRER EFRE L )& Hok
B . #2050 4, RMIEMPEFEZ L, BKEEH AW 18 E LR, 2RI B AR 25
AW “BlET78” NO8K, allsrEZamil. BT ADZRH R EKHE XSS FANAFRE. #
RoAGS Ah2 ORRE ) & E R W 2 8 45 40 2 RO B, [RIUIRA 1A B A T R A S 0 vk, 1A
TRMA RN QBT 36, FEE A BT XU

X AET R (A 7L 8 S Bl AR IS AR B A U TR, B R R B T RS AR W TE] . BAS
G BNAFETRMERL . ARYE N DO SE TR AR 328, Af AS N N FISE T 3R RN 2 N AT SR A
RN BET- AR A, R B ST AR Li F Lee (1992)#2 H! 1) Lee-Carter #5784[2], HostT:
MRS R TR 8] Bl 1 2 5 3 T Age-Period-Cohort 1 %4(2006) [3] (f&i#% APC £ %4) 1 Cairns.
Blake 11 Dowd #2 Hi ff] CBD #5%4(2006) [4]%F. .+ Lee-Carter #74F1 CBD 571 /& e JEfli i M AL . £
NFFETHAER, Sl mI R 2 A N D SE T 3R, SR 58N DR T S R Fiil b i R B A &
PR WA B G . EERA Joint-k #271(1992) [5], Common-Age-Effect 1 7%4(2015) [6] (f&i#x CAE fi
#1), Augmented-Common-Factor (2018) [7]# %4 (faiFx ACF #7Y), ACF ALk AT LR B L B SR04 8 7 At
[ B TRT AL Joint-K A5 AL AN (] 4 8 M AS Y ARG IR, i 3 R EOCHE (R TRV DR, o SR B [R] 4 6 IR 7
EERN, ZEEAEH Lee-Carter B 4T T i EEIE8]; M. FHEEEMF T 2 N1 Lee-Carter Fitl
BT T AR [ RIH[9], DAK BRI TV gt e 4R [10]; B @B 7T T 55T Lee-Cater #4584 (1) FREFET %6
TRII[LL]; EPSE. il WA T rh B LU T PR AL T 2 300 7732 [12]

FL7E 2015 55, Kleinow (2015)3 T Lee-Carter #1841 10 AN E R FIFET- AR, R T —NETF P
FERE AN JABUN (1) Lee-Carter B (14 e A AL, R [m] 47 8 285 B (CAE) B AL [6] o 1ZAR AL A LAY e 3 — APt
BB TR 2 AN . IX VR RIS P2 A N BT NBES IR RIFE T 25 5. TiJ5, Kleinow 55 A17E 2016
. JrHEA CAE #E ACF(0)#7(2005). ACF(1)#i%(2017). ACF()HAL(2017)%f 2 A 52 i1 55
AL PR T R BEAE 70 A TR LR [13]. ST HREENIY CAE BIAIRIMA EIN4A NikE. Fi
Kleinow 55 AL 5T 1 4 T SR SL R R RN 2 N D AE T 3B 9 e [14].

] P o022 S PR A b N RT3, BT T AR IF B8R . 200 N A P 3 ) AR08 2
B (2016) B 7 N BB T3 . BT Kleinow 55 A\ {8 F S [RI AR RN AR A B 22 [ 45080, ERf R 1 3t
FAERS TR 1, X BN CIFET 3 A T B R AF o DA 3 — B MR, Rl R 5 N R [E
N EIFET 3 o AN L RIS RN AR 8 (2015) 47 i 21 HAE WG 1 15 R0 mp ] B3 Lo AR T 28 @ i b, 1A
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IR P [ 5B e VRT3 BN R AT R B . AR SCER 8 VEAAN 4R T Lee-Carter BN [F]4E
WA NI [ 58 RS EAG T T i B8 =580 40 310 38 1 WO o [ 0 12 3R s A b ] 55 2o P A T R A B A
TSR . A6 A A BRON T B Rk AR A A . 2 AN SEI R Z AR T B B E AR TR
B, iz 3L RIEE S RN AR 7Y (2015) A FE AR [ 1) 53 ME AN Lo VSR T SR B, SRR [ B Lot T R Y 3
[FAERE TR T W45 SRIH] Lee-Carter #5784y 7 b3 b | 53 Lo MEAE T 2 H 48 (1 45 SRAE LU AR, BT lG iR 2
(AFE)E, FET-235F b AN bR AERR 22 B, ] R0 [R) A 8 50 REAR ZR 6 v [ BB T 3 08 B P& RO AR I s H ok
TR B RN 5 22 P, 0T 26 R 8 A A TR ) Tl 25 R AAR 45 58 DU 38 49 5o AR ST T N 28 T — 1 T B
FIgE, B T IRNBIF TR A R S5 05 2508 AR AR i 2
2. RBEINTBMSHEIT
2.1. Lee-Carter 28!

1) B H

Lee-Carter 17 7% Lee Fl Carter (1992)F& Hi i) Hi B I - O 5N I B A0 TR AR, JOEIET R 1481k
A3 B 9 IR 1) 177 A8 Ak RIS TR R, FIASTE IR 1) T AR A AR R TR o iR R IA T RN -

In (mx,t) =a,+pk + St @

Horprm ARECFE(t =t b +1- 1 +T —1) x ZRFEIHOIETIR, K ZREE T, [t 7 AET 26 H P
BHER: &, T tEx B ROTIRNKRE, JFH e R—AMER0, TTERN L ARSI,

KTQOF M a,, B, K, #2E T BT SE . N T RIS THEE R —vE,  BTa i b in 2 14 -
DK =0, B =1 W a, FZm x FR )OI RN BUS MME, K RATQ)PH o, B, K, # 2
T EETHISH . T ORUEAS THES R — Ve, IR INBR N 264 D K, =0, B, =1. il a, Fix x - (2)
PO AET RN EUG IME, K FRF0 t B FET R 58, WAIET 84

2) S5k

Lee-Carter #:78 Fh S 40 fil 11 1 5 v BB HE A FAE 70 875 (SVD), IR /> 332 (WLS) FIAR K ALLSA
fETHEMLE) . BT InBUR /I — 367 (WLS) X o B E 8 i & RS S R d > i CAAS SORH A3 IR/

k.
TEAS OB R/ 3111 Lee-Carter A5 7Y (1 22 40i), 75 B/ Mk R 2
X T
Zzwx,t ( fx,t —Oy ﬂx Kt )2 (2)

e, o, =d,>. K =0 B =1,
t X

) IR NFE T NEHIOIE, N T /MU, FHEDHIRERT a,, B K K —Fr- 2,
RG22 MAET 0. WHRWT a,, B, K KIETHERITHE A K

Zt:wx,t ( foi— Bx Kt)

a, So ®)
N Za)x,t Rt ( fx,t _&x)
By = : Z o K2 4)
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(23R, ISR, YRR T ST BRE A T 22 B4 B /N T 1858 R 25, &, B, 1 K it
2o, B AK AT
2.2. HREIFHBBER(CAE EH)
1) BRI
Kleinow (2015)4 H T — A3 FIAER RS BEAL (CAE BERL), 2 I — R (4R 5 RS R 7T LA 5] 22
BEMIBANLBET AL o, kRN
In(m,.;)=a; +BIkY + Bk (6)
i, xe{012- 0} te{l,2,-T}ie{l2 N} . m BRE I AFH x SEINEED t I OIET
o o TR N NBEIINERS LT, FORAR R BRSOt TR . kS A k) R st e B
BT 5 i A A B HOE T S B T Ak 2, BUY AT B 2 M T S B A rh B R f S A S
T ARFAER I 1A B K Ak BB . 6, RBENLIRZET.
AT WS THG RE—YE, F R DL R R
> BY=1YB" =13k =03k =0.

®)

2) 4t

LR R (CAE) B, oy, BY, B kY k(2 R T B 1T 1 B 8. A% SCSR R L8R 7 i
(MLE)XT 3t [RI4EH 2B (CAE) BT S5 fb i, 7B FE T AB D, IS 4, WIIEHA M,
ﬂx“ =m E ’ Eﬂ

x,t,i —xt,i

D, ~ Poisson(m,  E, ;) @)

X5 XL
o, m, =exp (e, + BOKY +BIKD ), D, TR | M ABHERA RGN LIBET AR, PR

55T NBEERS Y X 08 T B AL
B — W FISE T FARTARSL, ) CAE BRI AR o B 7T LLR IR -

D .

Ex ,imx, S !
I (ax,i , B§<l)v I(t(,li)’ B£<2)' kt(,?)) = Hx,t,i %EXp(_Ex,t,imx,t,i ) ®)

St b 2RHCH L, T LLS B CAE FERY )% BUBUSR bR £ -
L= L(a y B(l), kt(%), B(z), kt(?))
o | (©)
30, B 4B ), enp(ar, + B+ 80D
X,t,i

Hot, c=[D, . In(E,;)-In(D,!)] M s

AR IR R BOE B, W ORI S EAGTHE, TR SO, 18R, P
PAASCR A FOsAGEREAT, A
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WA S B YIE 73 5 A -
- 1 Dx i S S - -
a, =?Z|n (E_t} il) - Biz) -1, kt(i) - kt(,?) -0 (11)
t X,ti
AN BAR A AR IA
Z(Dx,t i Ijx,t,i)
&x,i = &x,i e (12)
Z Dx,t,i
t
5(D, - By, B
@) @ x - B
K =kt S B,,,BM (13)
X4LETX
~2) _ 2 Z(Dx,t,i - Dx,t,i ) Biz)
kit =k + B, B (14)
X X, 61X
Z(Dx,t,i - 6x,t,i)|2t(,1i)
B =B (15
Z Dx,t,ikt(,li)2
ti
Z(Dxti _6xti)l2t(?)
B =80+ o (16)
T Bk
o

Sty By, = By exp(G,, + BUKY + BOK?Y ) o 0 M-S 0 SRR i 02 A0 (/0 THR 2 0
(RS, B I S 5 A

3. T 6 ERERILLE S

3.1. ETFEUM A ERE)IHER

tF Kleinow %5 A J5 46 % BLAT X B0 BRI B S0 TR 400, FLIKCM LA FE 1 347 &
SABE MM, BT DA SCHEE T RO L EAE T3 A, MBI R . A SCR A I R aa B e s T A
KILT M HEE, EH Austria, Denmark, France, UK, Sweden ] 1948 % 2018 4(f], 18 % 98 % [ %
RIET R H s . Horhr, 1948~2007 4F (%04 F TR, 2008~2018 4 ()4 FH TR . FLAr AR 5G
BRI — DRSS ATT 2L R AR R

B, BRBUAMTHE, BIE(12)~(16), WA BBAIME TS, ST R E 1 R,

€ 1 1, Austria, Denmark, France, UK, Sweden 73 HI%t N IR IEGE 2. Sfh, Zith, 20, %
ORI, o, ZRAFEAFSEICT R REKFE, FrEl 5 NMEKK o, hZH8 2 BEE F R R

Bl . kG AR RN R T, R T AR B BRI (7 A s, T R
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Figure 1. Parameter estimation of CAE model based on data from the 5 countries
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Figure 3. Comparison of actual and projected mortality rates for different countries in different years
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Figure 4. Actual and projected logarithmic mortality rates for different countries in different years
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Table 1. AFE values of 5 countries

%% 1.5 [E# AFE B

X Austria Denmark France UK Sweden
AFE 3.103497 1.826948 1.15589 1.480876 2.370731

AT LLR I AFE [MEESAZAR K, SRR BA L R . Ho6 UK &8s, X Austria [
A IRER K, A 3.103497,

3.2. HEFRYNEREPERE LA

FL[F)AE0E RS (CAE) AL 2 B T [ AN FIZE T 20 42 114, AR ST sk FH DR . ] 508 A AR 2
R, MR R BUEA BICIL FE AR SN R 2 Py, SRR T R R0 aT DU Bk
LA AT R E PO T3 o A SCR ) A ] 0 53 1 A Lo P 1995 #1] 2019 411, 0 2 89 % AUSEARSE T s
Horfr, 1995~2010 4FRI%EHE TR, 2011~2019 4EMIEUE A T IR AR . 432 T sk £ 40 Ak
Lee-Carter B4 F1 CAE HERRACHE A [ 5 Lo AU T8 - AR5 ELAse P MBS 7R F 40L& R T 28R

3.2.1. Lee-Carter 28I [E B L TR

i T8 H Lee-Carter #E8 A3 Hh [ A4 I, WLS TS THIO R B, Bt LA A WLS 3k
BEAT 2R .

W E 6 2 WLS B TS HU T ISR . B T a wlsb_wisk_wls F{E, B B2 5 st
ToH, LA LM W oa_wls BHE T RIS PEIE T3 i T Lo B T3, 45 A& T E 95 PR .
HL 5 A X AT T SR A ST IR/ G 3 K . k_wils R R B A E PR, BT T SRR AR s, ANtk
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Figure 6. Parameter estimates of the Lee-Carter model for male and female mortality in China
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Figure 11. Actual and predicted mortality rates for males and females in a
CAE model
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Figure 12. Lee-Carter model, standard residual chart of CAE model for male and female mortality in China
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Figure 13. Actual, Lee-Carter, CAE model mortality values
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Table 2. AFE values of Chinese male and female data processed by the two models
2. PIRBIA IR E S L IR AFE &

et % lc, B4 le, @i cae, Pk cae, Ltk
AFE 7.503822 5.671689 2.722456 2.56403

PRI FC AR 6T v ] 55 2k A0 T R Bt 0 T 24 R o 2P 0l ] 2015 4F 55 e SBR  CAE, Lee-Carter
T 55 MEBET 5 WTR I 14 e ATRIRS B0 Lo PEAET SR A PN AOR AR L Ay, Herp LC BERER 5 4
PR ZTRIA R e, AHEEZ R, B 7 RS SRR PE TR E A, CAE BB [ T (5 A SE Bl
PLELHGI . AT RN CAE MRS i [ 55 Lo et (i 5 AN T A R R

n o
s 7] =
o o)
2 3 g S
& 8
g 8 ] g 2
(e} ()
(e} ()
S - g
=) [ | [ [ [ =) [ [ [ [ [
0 20 40 60 &0 0 20 40 60 80
o % IERY o % IERS
SEbr Kele, cae T Y B MEFE TS HR SEBR Kle, cae U A PEFE TS HR

Figure 14. Actual male and female mortality rates, Lee-Carter, CAE, 2015
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Figure 15. Prediction residuals based on male and female mortality in CAE
model and LC model
[ 15. CAE fREUAN Ic iR BUE T B L ML T RMFUN%E

4. B4

AT e R RGN Y Austria. Denmark. France. UK. Sweden TiANE S HIAET 404, Ko i6 3 [7)4F
WA BRI o R IR BRI [ R BRSO S R TOISOR R AF . SR, T UK AR RS 31 b [ 55 e at
TR, SR [ 55 VAR T F B (3L R R« 23 7 F Lee-Carter #5784 (1) WLS (57N —3Refili i) 1 CAE
B MLE (BOKARMSR A T DA R AR BEARGE AT T 28U, FRIINAE T2 . AR T30 IR, ARk
ZR A AR 2R, ATLUE DL CAE BRI A [F (PR T B R A B b, BUR L. B
B LR R RS X R BN, CAE BB B R R LT . 3BT LA CAE BEALR M
PAFIRLSE, SRERFARA D B B2 EMISET R FET5 R B R MK T3 R 45 3R [ (1 R AR 752k R AN
TRES A B S5 ok TR KR, R D ZEER S AR TR TS B, BBV AR A | BURF . k&>

KAF KU R K
E&UH
X BRI G R BN H - BEHLE)ASE T R R GE Tk 57 SN R 7E(12061066), H ol & B 28R4
BN

FRGTIE : S shASENLAET 2R AR R g J FL8 FH A 91 (20JR5RA528) -

SE K

[1] EBRELREEADEESNSNADBAE, FLREEANAOEEAREERLT)—— AL F R EIE
[EB/OL]. http://www.stats.gov.cn/ztjc/zdtjgz/zgrkpc/dgcerkpce/ggl/202105/t20210519 1817698.html, 2021-05-11.

[2] Lee, R.D.and Carter, L.R. (1992) Modeling and Forecasting US Mortality. Journal of American Statistical Association,
87, 659-675. https://doi.org/10.2307/2290201

[3] Currie, 1.D., Durban, M. and Eilers, P.H.C. (2006) Generalized Linear Array Models with Applications to Multidimen-
sional Smoothing. Journal of the Royal Statistical Society, 68, 259-280.
https://doi.org/10.1111/j.1467-9868.2006.00543.x

[4] Cairns, AJ.G., Blake, D. and Dowd, K. (2006) A Two-Factor Model for Stochastic Mortality with Parameter Uncer-
tainty: Theory and Calibration. Journal of Risk and Insurance, 73, 687-718.
https://doi.org/10.1111/j.1539-6975.2006.00195.x

[5] Carter, L.R. and Lee, R.D. (1992) Modeling and Forecasting US Sex Differentials in Mortality. International Journal
of Forecasting, 8, 393-411. https://doi.org/10.1016/0169-2070(92)90055-E

[6] Kleinow, T. (2015) A Common Age Effect Model for the Mortality of Multiple Populations. Mathematics and Eco-
nomics, 63, 147-152. https://doi.org/10.1016/j.insmatheco.2015.03.023

[71 Kang, M., Liu, Y., Li, J.S.-H. and Chan, W.-S. (2018) Mortality Forecasting for Multiple Populations: An Augmented

DOI: 10.12677/aam.2021.1011397 3756 IR Esid


https://doi.org/10.12677/aam.2021.1011397
http://www.stats.gov.cn/ztjc/zdtjgz/zgrkpc/dqcrkpc/ggl/202105/t20210519_1817698.html
https://doi.org/10.2307/2290201
https://doi.org/10.1111/j.1467-9868.2006.00543.x
https://doi.org/10.1111/j.1539-6975.2006.00195.x
https://doi.org/10.1016/0169-2070(92)90055-E
https://doi.org/10.1016/j.insmatheco.2015.03.023

B %

(8]

[°]
[10]
[11]
[12]
[13]

[14]

Common Factor Model with a Penalized Log-Likelihood. Communications in Statistics: Case Studies, Data Analysis
and Applications, 4, 118-141. https://doi.org/10.1080/23737484.2018.1529546

2R, XIMEA Lee-Carter SET-H Bl -5 B ——2& T E D ) 20 A7 [0]. H ELA I RRE, 2010(3):
46-56+111.

B, TEREZE. 2 N1 Lee-Carter FENLAE T2 34T L 5 B B A ], o BN DR}, 2020(2): 81-96+128.
BB, TERZE. 2 NDFEPET REAT T B St B e [J]. i 7T, 2020, 37(7): 30-41.
. T Lee-Cater B2 (1R EFET- 2 M), 4t U3k, 2018, 34(9): 32-36.

B, DK, FRER. WRZETERIIN AR IA]. Gl 5 HER, 2020, 36(23): 5-8.

Enchev, V., Kleinow, T. and Cairns, A.J.G. (2017) Multi-Population Mortality Models: Fitting, Forecasting and Com-
parisons. Scandinavian Actuarial Journal, 4, 319-342. https://doi.org/10.1080/03461238.2015.1133450

Simon, S., Torsten, K. and Ralf, K. (2021) Clustering-Based Extensions of the Common Age Effect Multi-Population
Mortality Model. Risks, 9, 45. https://doi.org/10.3390/risks9030045

DOI: 10.12677/aam.2021.1011397 3757 IR Esid


https://doi.org/10.12677/aam.2021.1011397
https://doi.org/10.1080/23737484.2018.1529546
https://doi.org/10.1080/03461238.2015.1133450
https://doi.org/10.3390/risks9030045

	对共同年龄效应模型的研究及中国应用
	摘  要
	关键词
	Research on the Common Age Effect Model and Its Application in China
	Abstract
	Keywords
	1. 引言
	2. 模型介绍和参数估计
	2.1. Lee-Carter模型
	2.2. 共同年龄效应模型(CAE模型)

	3. 基于6国数据的比较分析
	3.1. 基于欧洲五国数据训练模型
	3.2. 共同年龄效应模型在中国数据上的应用
	3.2.1. Lee-Carter模型处理中国男女性死亡率数据
	3.2.2. 共同年龄效应模型处理中国男女性数据

	3.3. 模型对比

	4. 总结
	基金项目
	参考文献

