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Abstract

There is a high correlation between the life expectancy of the population and the mortality rate.
The LL (Liner-Link) model measures this correlation and improves the prediction accuracy. This
paper compares the five binomial mortality models with the LL model. The LL model is tested
based on the mortality data of Taiwan’s population. The historical mortality data of the mainland
population is used to estimate the parameters and predict the future mortality trends. And the
mortality rate improvement level was measured, it was found that the mortality rate improved
over time.

SCES| M B, MR, AR U G R b EARR A TR B R, 2021, 10(5): 1445-1454.
DOI: 10.12677/aam.2021.105154


http://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2021.105154
https://doi.org/10.12677/aam.2021.105154
http://www.hanspub.org

AT

%

Keywords

LL Model, Average Life Expectancy, Binomial Mortality Model, Mortality Improvement

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

FRE KR b XN T Ay 3w, M 60 ARARRIAN R 45 Z 36K 3] 2019 41 77.3 %, — 7T
SR IR R R, S — T T S RIS N R T KA KR, BN D28 AT R I Ak 22 20 5% i
. =120k, WEEFRZSOIRIAT T — RIVE RS, ST T FATRE 2 4 B % AU 2 R a
My R, HR R3S . NSRS Re B R WE RAEFOIR BRI 2 DA K, 27732 40 E M RTHE,
I3 G ) FE 1A PT RR VR AN TR 25 iy 00 A8 A 2 TR AEAR KOG IC P, i is F U dr SR T AE T2 2%, X
FRE KA KRS B B 5 B OR B

IEAESR, FETIRM AT EAWEE, BN E Ot e R @ KENH, HRE
MRS EARWHRTH 1], FEREAKEAQ2013) 2181 T HE A CFET AR b AR R 4 F AT R
BT ER R LS. HHEE(2016) [31KH Bootstrap /5142 ] Lee-Carter #5481 & 7l T F
NAZET R ST SR AR ZEIE(2018) [41K A DM MCMC J5ikdt i 7 A0 T- R As 2, 3T KGR
FERRIEAN . BRT(2019) [SIARMEFE N D AE T3 BRI RHIE, AR T IE & 3R E N #4048 JE T F2 A8
A, (XU 7T N2 IE A AR T R I — SRR A, R Sl S R O ok S TS B, TR AR I
N EIBE T 2R T A7 i Z [ AR AE RO ORIRME ), AR SCIE R AT T IX—FF s, 255 3RIE A M AT ZRHE
%f LL (Liner-Link, EPZM:0¢ 5)#541(2020) [6]3E1T 4 e W 9%

LC &AM (Lee-Carter #27%1[7]. Renshaw-Haberman 15 % [8]F1 Age-Period-Cohort #%4[9])F1 CBD F# 1
BUT017E N D Guit 22 A3 G R S SOk P AR WL, AT R B 2 SRS A0 T N U ERA 0 AT, T 0 08 e 5
(R H OB T 2R AT AL J5 AL A R S8 T N B — 0000 4, 2T log it B ¥ 5 A0 T 2R 04T E2ASE
FEARSCHBATR LC RBAUR PLAT AR 11 log ir ¥, ARJEEX FRh BT A 5 LL
BRI AT o ELRIE AT

ARSI G VBN CIFET R TR AT ARG 50, FOIRRE N AR RIE TR a3, itk — 5o #r
NFERAHERR, 5638 N\ D BOR ALK .

2. BiRFSE
2.1. #IBIEE

o KR R PET AR 52 R O 1996~2006 £F (i [EAN DGEiH4E%E) ke 2007~2019 4 ([
ANOSEEGITHELY , R 1995~2018 4, 0~89 % AT R A, XEFEALMFEAR, R LM E
bt

B Ak B AN SBET S H i FE(HMD), 2B 1970~2014 48, 0~89 % [IZET- ABAIREEEL, 0~110
A R A
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Table 1. Binomial mortality prediction model

#= 1. IR T RHMER

Biny FiEx LIRS
1. LC (1992) logit(q,,)=a,+ BK +&, Y B=1, > k=0
2. RH (2006) logit(q,,)=a,+ Bk, + B, +e, D BV=1, Y BP=1, YKk=0, Dy =0
3. APC (2006) logit(q,,)=a, +x, +7_ +&, k=0, Dy =0, > (t-x)y_ =0
4. CBD (2006) logit(q,,)=x" +x% (x-X)+ ¢, X

logit(q,,)=a, +x" +x? (¥ - x)
5. PLAT (2009) ‘ o 2Kk=0 Yy =0, Y(t-x)7,., =0
+ K

'

(x-x) +7. +¢&,

2.3. LL =38
Pascariu %5(2020) [638 i ifF 5 & B0 A 73 Ay B B0 FO6E b O A8 T2 3R 2 (A A7 A8 28 1 96 & 9 T FH i
TrRAXFER:
log m, =p. logegyt te,, (1)
o, x MOMREBER,  BoREM, x20, B NIERSH, 5”~N(0,02) .
E WA LR, (DA R ZRRIEA, BT EIRE R T RIR E R,
B AR FEAE T BE R (A b A B 1. R A 2E (D) R I SGE R 7 v, KA TR E Rk, 3k
8B40 LL A
log m, = B, log €y, +vxk+gx’, 2)
Hrb, x20, Yv =1, v.20. v J&x % NEGETFRBEN E P8 m A, & R T 8] A THR IE &
5, WHRER m AR .
2.4. HTRFHNEIEIR
Purushotham 5(2011) [ 12 RHIET 2 AF B FR bR SE T R UGS K- PIEAT &, 8 X R

r = 1—[£Jk (3)
qX
Horb, x FORFWE, gL x BARIE  FEIIPETR, kR AR, " RoR x B MEFERS A1 B (1,6 + k)
IR AR KT, BRI IR (0 + k) AR
3. SEEo#A
3.1. EHERI

i R BN 2 1 B BN AR T R AR IAT ARG 3, TH R BRI R R L R R A0 T R M
2 BT 1970~2014 £F, 0~110 % HYNRFET R H0 AL dr R 8udls, THEAS RIS 00T 1 B /R ad

DOI: 10.12677/aam.2021.105154 1447 IR Esid


https://doi.org/10.12677/aam.2021.105154

MRAE HA, m x B NARFROIETR, g 8 x S NORBETER, d, 8 x 2 NHEISET AL,
e 0 5 NI (AR 0 = 0) TN AR 3T 90 Z UL FHIANE, m « g 5d, =& e, ZIAAFAEMN

SRS BIRERRIEIR AN T 100 6 NI m, % g, 5 e, 2 IINHRMIE, d_ 15 e, 11y R A A% o
T 6 % AT 67 e, 15 x % AR BT 38 m_ 2 [AI47 4 8 R

Table 2. Pearson correlation coefficient

2. BUREBMEXRRE

0=0
H Y
(m.e,) (4..¢) (d.e,)
x=0 —0.88 —0.88 —0.88
x=10 -0.95 —-0.95 -0.95
x=20 -0.95 —-0.95 —0.94
x=30 -0.94 —-0.94 —-0.93
x=40 -0.93 -0.93 —0.92
x=50 -0.97 -0.97 —-0.97
x =60 —0.98 —0.98 —0.98
x=70 —0.99 —0.99 —0.99
x=80 —-0.99 —-0.99 —0.30
x=90 -0.93 -0.93 0.98
x=100 -0.72 —-0.72 0.58

H e H 1970~2014 4, 0~89 % AIFET: N HORT 5 55 B8 TH SRR ZE T2 3, 2R )5 48 A Kannisto #527Y[13]
XF A —4E 43 (1) 80~89 % IAHAE T AR BTN, (i1 86~110 B ST s, F4H 0~85 B AT
HAMIME S 86~110 % FIFET R AL THEA 1970~2014 £ G AIRILT R AW, KGiEHA MR IETEE
BT, K1 ABEAR AR P IR (G5 E) 5 NP0 T 5 b A i R B CWIE )X L

1 X EE T A VE T 1 BB A5 A fr R 5 NRPU TR B b Ak, WA LLEH: (1)
1 2014 4, SRR EOETRIE R 2k LR EAN, R —/NBom R, HRkEisE
M1 ERTUHAEGIMEREAERS, Z58 W00, Q) T 0¥ ANOME, 2ERSBIETREEE 0 1
TN IR FE S, M ER T A ar iR A E A AT AT Uiz it 5 ot 3 R REZE T R B k47 41
¥, KA 90 UL mE s N A .
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Figure 1. Comparison of Taiwan’s empirical observations

E 1. aEKuEINEI

3.2. HEIRILE

X KBl R GG HE (0~89 %, 1995~2018 4F), B 5L 4 HLAE T 3R L& BT IR B, e LS
RGBS LL BERGHEATR AR5 BEAT S 8005 U1 3538 F B0 i D7 vk e F0RS P kAT FE B, )i
BEAT T X5 B o
3.2.1. HIABERE

e 3 T LLE Y, RH B[ ATC 18 BIC 4B Ml 25 08 TR chdie /N, AT R R R (R 0045 001
AR

Table 3. Comparison of binomial mortality models

3. ZIR T RIERIR L

5 LC RH APC CBD PLAT
AIC 71535.4(4) 51470.48(1) 61089.15(3) 472370.6(5) 57167.67(2)
BIC 72681.21(4) 53217.54(1) 62325.71(3) 472642.8(5) 58529.02(2)
PRRALIRAL T —35565.7 —25427.24 -30326.57 —236137.28 —28343.84
i 22 54324.55(4) 34150.28(1) 43846.29(3) 455467.71(5) 39880.81(2)
ZHH R 202 308 218 48 240

3.2.2. %tEi
i Kannisto B4 Akt 1995~2018 “EH[A] 80~89 % I HEATHLEA, T 86~110 % HI%dE, 45
A 0~85 B HIHIE S 86~110 X 9 i B 5 F1H K P A0 T R 5
(1) THALEEIT ] ¢ P9 TRy RSB TR 2 A 26 M DG RIAER B« I A f5 /s —3Rid ot fe /M ik
Z V7
S[logm,,~p,loge, | =X (e, T (4)

(2) @I R ZEHE R 75 FAE S E(SVD)RAMG TS H v,
SVD[R]=DPQ" =d,p,q/

Hrp
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Figure 2. LL model parameter estimation

2. LL =& S # 4t

3 B T A & IR A THELSE)Y A RS THEAMLE)Y LL M S H3 b1, SR%
X B, BRI B ZEARAR, BEXF v, WG TR ES .
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S
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Figure 3. Use LSE and MLE to estimate the parameters of the LL model
3. f£F LSE # MLE &1t LL &S %

K 4 B8 T AP RE T JTEER 2006 4 5 2018 SR EEE T RTINS, BRER 0 X A Eos HEK
A, HAeXAZRE/N, HMikH LSE 8¢ MLE #HTS50b i B & 3,

3.2.3. HEARIMNGHETRN

iz F AR 773, LA 1995~2006 4E 428, FH X AN 8] [8] 8 P A0 B8 T2 3 R0 HS A= i T 77 i R 0L
A LL &AL, BT 2007~2018 AEULIINF (1) H A I U 73 dn i 52— {8, JFi2 H Kannisto #8753 90~110 %
Mo AR, Sl Bpst TRk, K5 BoR, EERIFETE M2RIE H I K S .
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Figure 4. Use LSE and MLE to fit logarithmic mortality
4. f¥F LSE #1 MLE Bl& XML TR
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Figure 5. Observed and estimated log mortality of the mainland population

5. KB A ORI ANME IS HIE TR

HHZ% 4 ] DA, LL B RS B i T RH AT, RO LL AR A 3R 2K T RH #5784, Hdv, ME:
PR ZE, MSE: ¥J7iRZ%E . RMSE: #5HR1%E%E. MAE: P45 iR %,

Table 4. Prediction accuracy
4. TS

o] LL RH
ME 5.56E-04 —3.94E-03
MSE 6.47E-05 1.66E—04
RMSE 8.04E-03 1.29E-02
MAE 2.26E—03 4.99E-03
3.2.4. T
T A IR
(1) FA LL BEAUEH 1995~2018 £E11 77 SH LG 7E 0~89 & b ¥ Bl N BEAT R, IR F T J0 A&k 22
FEHZE 2040 FPFETR;

(2) 1 FH Kannisto ALK [E 0~89 % 2 [B] FWLMFE T AR R 2 110 %, J7ik: H 80~89 2 %L
WA, T 90~110 5 (% ds s

(3) — A A SREE ] — A TR AU 22 N T, 7 A — RV GE R, X g AT I I AR A R
A TR A s

(4) 1 LC BERLLE H BT SO T30 7 i (E A AR LL SRR s N, DL HHAE T3 4R, i
SRAG R 2T LA 1 i 2%
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(5) X FRAMBEINIPIL, LL J53Em] D= A SR T A ek, 7 A o (B T A AN 2 1 5

(6) 99% I T X 18] /& 2 T — T R SRR B BT

RSHMT LLEAR S E k e, FITINME, P O=0, RIRHAI LC AR I 9724 Y73 di
(ERSTVIPNGPNEE 7 ]q gz 8

Table 5. Coefficient predicted value
5. RETNE

FEAAE k 2 FEhAE k 2
2019 —-30.38 80.30 2030 —55.41 82.89
2020 -32.23 80.50 2031 —57.89 83.14
2021 —35.06 80.80 2032 —59.76 83.33
2022 —36.87 80.99 2033 —63.09 83.67
2023 -39.35 81.24 2034 —65.02 83.86
2024 —42.19 81.54 2035 —68.22 84.18
2025 —43.68 81.69 2036 —69.47 84.31
2026 —46.00 81.93 2037 —71.99 84.56
2027 —48.74 82.21 2038 —73.63 84.73
2028 —51.57 82.50 2039 -75.41 84.90
2029 —54.19 82.77 2040 —-79.19 85.28

K6 R W] 7 LL BERSFIN A HOpE T A 2k b LC B BP0, JF BN AR T R AU i Z AV
AVERR, BTN BIREL P AKRES, P AERFE T R A EAE R 4L b TR

# S — Lo o | — ez
11 e | o Lo T g Lomn
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Figure 6. Comparison of logarithmic mortality curves predicted by LL model and LC model
& 6. LL &REVFN LC BTN AT B 5L TR e xS EE

4. FETELEKF

K7 BT 1995~2015 (554 4 DBYBO KRN D107 SEAET RSB fabn 08 i ss, Hdf =4
B B ) 2 AN T B, AR T AR TSR RS I G — e e, ROBE T e B A IR AR Ak T
TR

Kl 8 g5t T B LL BTN A KBl AR SR AL T e E I B F8 R, FTLAE H,  DUANB B it 4% B 72 22 il
B, (HBEEER K, B R TR, B 80 UL EFAE N AT R KA 80 H LT A
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Figure 7. Continental observations
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Figure 8. Continental predicted value
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A5G 90 & LU s N D 5

X KBt SR AR (0~89 %, 1995~2018 4F), 1 5okt T AR T AR F & RORBETAE 36, &I RH
BRI G BOR B, B FL TS B2 28T LL B4, SREdHT S 8hih, v BE SR, WER 1
BERMZES, XREFCTERT I Iy, N DRI/, RN R S E R T T, LL A5
TR BT R M4 b LC AR, JF He R AE T R A TR iy 2 [ R M OG &R, F )3
TERIAKIS, P2 A RIFE T2 AL W 4 E /DB

K FE T B A S et Fe ot KBk N DR T e iU /K P AT B 1, BB T RIS (RS 1T A 5 — B 2
H#, EDBETIS R BERT (AT T RER, 80 % DL L2 E N DR R B T HEFER A M.

EHEWH

A K AREFE LG T H (12061066)F1H 7 4 SR EE 435 H (20JR5RAS528)HL [7] 37 % .
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