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Abstract

The study of population mortality is the theoretical basis for the development of financial deriva-
tives related to longevity risk, and the key to its research is to establish a mortality model suitable
for China’s national conditions and improve the accuracy of mortality prediction. Considering the
small amount and quality of China’s population mortality data, it is not easy to get good prediction
results by modeling using only China’s mortality data. This paper improves and innovates the
common factor model by adding an economic term to its own structure and fitting the prediction
using historical mortality data from three developing countries and three developed countries,
and the results show that the new model proposed in this paper works better and makes up for
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the shortcomings of relying only on population mortality modeling.
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RN EW[A], KINZER P R TR IR S T RN E K1) GDP /K P Z [AfAAE 2 A e
2014 4£, Niu 1 Melenberg #7 T AT FIGEL k122 A BFFa bR 10 7] TR ZE RS IE AR (VECM) [5], I
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bR G N1 GDP i, JH¥Eriifildy 4~ ACF1-GDP £ ACF3-GDP, f#ifi ACF1-GDP. ACF1.
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E, RINFINE 2018~2021 AE AR T 26347 W, &5 ACF1-GDP. ACFl. ACF3-GDP. ACF3 il 45
AR ZE A A IRE AFE RIEE, PRI &G RO R R RIF, 450 E 5 H rgisia
ACF1-GDP HI ACF3-GDP iUl i 2= Xt Bt 7 (1) R0 43 B 5K A2 K 2 Bt i 22 Lk ACFL1. ACF3 I Tl i
ZE/N, R B AR SR 3 [7] PA] ARR ) ecdh RR R A
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2.1 HBEUREE
Li 5[5 &2 N O Z AR SEFEGES, R 7t AR a0, B ACF KA.
logm(x,t,i)=a(x,i)+B(x)K(t)+b(x,i)k(t,i). @
Enchev 45[81% ACF B R [y b(x,i) 4 B®) (x), #EH T ACF1 4%,
logm(x,t,i)=a(x,i)+B" (x)K (t)+B® (x)k(ti). )
Thifg K [9]%F ACF BRI, BHLrbiry k (t,i) #y K (1), #2H T ACF3 .
logm(x,t,i)=a(xi)+B(x)K" (t)+b(x,i)K?(t). (3)
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Figure 1. Average mortality levels by country (a(x, i))
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SRS BRI K (t) Ak (1) A o sk s

- ACF3 #, KW (1), K (t) AJERM I T, B(x) AFERERE T, b(xi) &K masE T,
PR | A NBERT I I A1 7 K ) (t) ifgus s .

ARG HITE ACFL A ACF3 BERLFE N by (x,i) Rl g (t,0) FITRBI,  g(t,i) FmEE | A ABELE t bR
HEAL S HONYS) GDP A, K g (t,i) FrrEALfa I T aept, IXRRAE AU BRI R AT A 0 N DIBET %
AR IR,y (x,1) ROBVREE RS N BB T2 265 U R R AR I BUR TR o R0 B R 43 3l i 2
ACF1-GDP 1 ACF3-GDP, A0 -

ACF1-GDP:

logm(x,t,i)=a(x,i)+ B(l)(x)K(t)+ B(z)(x)k(t,i)+y(x,i)g(t,i). (5)
ACF3-GDP:
logm(x,t,i)=a(x,i)+ B(X)K(l) (t)+b(x,i)KI2) () +7(x,i)g(ti). (6)
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Figure 2. Average mortality levels by country (a(Xx,i))
B 2. #RELE A GDP(g (L))

ME 2 B, R EBRHELL S TS GDP 50 W1 1 T R, oAt ] X B 4 a1 #4941 AR
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AR S AL TR BB LT D e
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B EERSHONZMET, Aih ZREa RN RS 4.

U(X,t):zi(logm(x,lt,i)—a(x,i))' @

Hoeh, | FORPEARR A DAEEL U (x ) BEFTAAETRE R, BT8P ARS RN,
BILXT U (x,t) BEATEF R R 542 R 288Y (x), BP(x), K(t)o RIE4
U, (x,t)=BY (x)K (t)+B (x)k(t,i)+7(xi)g(t,i). (8)
HRAE B/ —IRVA[10143 BILL T S 80 5
>0, BP (U (x)-BY ()K (1) - (xi)g(t.1))

k(t,i)= 9
! SSRCRIC ©
T (i) (U, (x,t)=BY (x)K ()= B (x)k(t,i
iy 20 U0 BT 0K (-8 (k1)) )
2 9(t)
5T Niu A1 Melenberg [5]+ Boonen #1 Li [6](4ii%, A T #IRSEUS THE R BIME—M:, AR5
ZK(t,i)zo. (11)

% F ACF3-GDP, KW(t), KP(t), B(x) NERZH, b(xi), r(xi), g(ti)NREHSE, 5
ACF1-GDP il & Z KA, RS iﬁuﬁ%ﬁ IOV T

. KA (U (x) =B (1) -7 (xi)g (1))
sy ztle G | -
() YU (xt)- TB(X) K-(l)z(t)—b(x,i)K(z) (t)), )
2.4 9(ti)
> b(x,i)=1. (14)

3. FMLE R
3.1 BHEkIE

AT NIFOT B, ERTHRE R RINRNEX 3 N RERERMEE, HA, SEER
3 MNKIEERMBE TN R Horf, BRI EMERERE K, RINFNEAL TR, 2021 4R
JIFINE N3 GDP 4 1.22 Ji3E76, S+ 1.26 JiEIuAHIE

AR SR R BB T R AR IE T 1995~2020 4R (R E A D4t %), A E RSk A
NFEFET AR P, T ORI oR T £t S0 e, O 78 808 [X 18]y 1995~2021 4E, AR FKIET %4
PR ER RN T 2020 4. BT AR TR EAELE = A0 BURIIR . BRI, A SRR T &
HAFE 0~89 B ALT - ¥ .
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Figure 3. Results of global parameter estimation for ACF1-GDP and ACF3-GDP

[&] 3. ACF1-GDP #1 ACF3-GDP £ /& #{fitER

FE1E 3 b, T AR SH U (x 1) B 7F AR, FTLLBY (x) . K (t) 1252515 ACF3-GDP

FHB(x), KY(1).

K () LI R, B Rl I RS, 4RI IS4 K () BT K () TR fR e 4RI

e NN PSS YA FSE NI R P e S 752 G N

DOI: 10.12677/aam.2023.126286 2847


https://doi.org/10.12677/aam.2023.126286

< ] i S
s =i
w=E —
| 5 -
o ]
o (o]
OI' —]
o™
) -
3 - 2
[ | | | | | | [ | |
1995 2000 2005 2010 2015 0 20 40 60 80
b (] F
(i) #(x)

Figure 4. ACF1-GDP local parameter estimation results
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Figure 5. ACF3-GDP local parameter estimation results
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Figure 6. Comparison of logarithmic mortality projections for China, 2018 to 2020
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Figure 7. Comparison of errors in mortality projections for six countries
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