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Abstract

An actuarial model is constructed to explore the level of enterprise annuity replacement rate un-
der optimal investment portfolio. Using the deep learning model Informer to predict the future 36
period returns of major investment tools, combined with data from June 2003 to March 2023, the
mean variance model is used to simulate the optimal investment portfolio and its returns corres-
ponding to different constraint objectives. The Lee-Carter model predicted the mortality rate from
2022 to 2031 and calculated the survival probability after retirement. Finally, it is concluded that

XEFIH: AZE. B ERAE N MES BRI, B85 5%, 2023, 13(6): 7264-7271.
DOI: 10.12677/0rf.2023.136713


https://www.hanspub.org/journal/orf
https://doi.org/10.12677/orf.2023.136713
https://doi.org/10.12677/orf.2023.136713
https://www.hanspub.org/

e

mutual funds have a substitution effect on stocks in equity assets, the replacement rate of existing
enterprise annuity is lower and the replacement rate of males is greater than that of females.
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PR AL i B L ORBR /K I B bR, TR N 2 B e IR 22 e — RN R B U R AR AU
BARE, R B S BT, A AR (2014) K H SRR 7 IR RS R BE I s
2, JEIE AR B RGBSR 5 0 o e R B AR AR 1]. RIS L2 (2019)M 5 H A A 4 0E H
TREZE KPR A 20%, SR 2016 A ARV AR 412 AT SR IG DL R I A BT IR B K PAUN 3%~5% [2]. BRItz 4h,
FFERDT T iR AL S B A A DUl B R PE . et s v, 2555 (2017) I - 5 =AY,
& B AN A A SR O AL A I AR 2 A XU (3] W55 (2019)i2 FH BE LR S A5 28 0 i L% B A% 20 459 HE Tt 2k
MR ECSH T R TG (4] MEEW T B S /R ] KRB H A 5F T DC F7& it R [F] —
B VTN, KB KBS AIBEAL T 55 5l N, 15 BUSSME - J7 22 #E DU R IR [A] — S50 3 i 5K
W&[5].

T AME A G INAF 1) R, T B W B ORISR BSOS 5] NIRRT 2 2 B8 Informer. $ME - 77 5 AY
J Lee-Carter BiAU0 M B A& T HFESEREHATIE 1. Informer HEELEENE IR 2T = # 1)
W RAEMFKACTZME, KT MR T AT kU, TR R o 26 iR LR AR . BT X AR b 1)
WT-#, R Lee-Carter FALEBEAT FUN /545 HOBIK 5 AR IR Z BB B Ch E S fREn 256
AR (2010~2013)) o AFE—PEBMWFESECE, RHILEES, RAERRMER.
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3.1. Efis#HigE
SISV AFESFER o 5225 % . IBIRER b, 1WSEhRER, BReE P BH 60 . Lotk 55 2 1BIK,
BRARR o, SHBUR LHANCRRTEN 10%. THEREKE g, %N 8%, SWFELSMNIEBE B, KA
BRG], NN R, PUME 1%, FHIE v, ZERRESG KRk FiR. 2
FEHE, EIEILRN 2.5%. FEASHIE 1 iR

(4)

Table 1. Basic parameter settings of enterprise annuity replacement rate model

=1 eI FEERERBVEASHIRE

ZH a b n c g p v
B ElE 25 55(M)/60(F) 90+ 10% 8% 11% 2.5%

3.2. IRINGEFH R

3.2.1. {EEEAR RS fh
Lee-Carter #5784 5 A2 0% K I TR X PE T2 R (520, RIEAN:

In(m,,)=a, + Bk +é,, (5)
S, my, B x B ANIRDTET R, o, FORERET, B x 5 A DT T,
G, =% In(m,) (TR K AHBET, R ERCEE fAR a4 b IR
o EMNURET, 5, ~ N(0,0%). MM SUHME 47, B

2B =12 k=0 (6)
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Figure 1. Male and female parameters o, f,, k; estimation
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Figure 2. Predicted £, values of male and female parameters in 2022~2031
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Table 2. Predicted results of male and female survival probability after retirement (unit: %)

F2. B, ZMRREEEMERTNERENM: %)

T CEREA otk F il CEREA Ltk
56 99.83 74 83.11 90.41
57 99.65 75 81.09 89.11
58 99.45 76 78.80 87.59
59 99.20 71 76.30 85.98
60 98.95 78 73.55 84.01
61 99.31 98.69 79 70.79 81.99
62 98.54 98.41 80 67.90 79.82
63 97.72 98.07 81 64.93 77.38
64 96.80 97.68 82 61.42 74.63
65 95.87 97.26 83 57.98 71.69
66 94.91 96.82 84 54.19 68.38
67 93.75 96.28 85 50.39 64.95
68 92.56 95.71 86 46.45 61.17
69 91.29 95.04 87 42.41 57.29
70 89.95 94.29 88 38.27 53.15
71 88.52 93.51 89 34.34 48.87
72 86.78 92.57 90 30.50 44.43
73 85.04 91.55 90+ 25.83 38.63
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3.3. RMKHES T AR~ WaRNGITRERREY

3.3.1. Informer {8

Informer BAYHH 78 1 HIE R INLHIFIK R A0, EHXT I 18] 5 21 A TG (Long Sequence Time-Series
Forecasting, LSTF) ) %} Transformer ZE4[6 13547 T 2, $2m 7 T EE /1 R 30K [7]. Informer H it 5
35, 1) BHFBIHER HE & JJ(ProbSparse Self-attention)HL il 375 2R 7% M E = Sy pLE], @il
THE W A 2 (Query) 53 5) A ZE 5, BRI 25011 25 180 [ & AT 97 306 H /D B AR DT R ORS00 2 7090 3
()RR, R 2 R ) ) 55 2% B R oA A48 FH B A O(Lz) BAEF) O(LlogL): 2) ZF ERMH K, @ik
= ) 28 1B (Self-attention Distilling) %) F ZERFEMR T 50 @ ACE,  BPERE F ZRHE. Bk, @
A% ELU AR N0 eR B0 AT — 4 G FUDE WA B KA BB IR AR RRAE4E B, o038 T Ko A HE 2 E 10120
P 3) NRUALSE Transformer ZlZS AL 132 (Step-by-step) HEEE A 754 JH FHUI 4 b 33 281K 1) ) 78
P& AR B RS 2% (Generative Style Decoder) 28 4 14 42 J2 1 5 J50HE i H 4 PS04 350 Fo0m & SR [ 20 A i
HNE SRR — BRI 0 B BART 5.

3.3.2. #IEFN Informer FNZER

RIEANAE SR F GOSN E, DU AZESMEEN G RTE KR KT, Pk fizr4a
BEWC R8T, L AT AR B B s e 55 7= . K 2003 4F 6 H~2023 4F 3 A1 FiEdRE. Lk
AP AT AT RS S FE A A i R AE R S e . 3@ Informer 24, 32 Python 3K, XTAK 36 4~
Hllas 25 BT A . MAE. RMSE 5 S TINHERAFE L (R Zf e br, XA Fabaiis, AR i
S5 R HORSTHE. TRZE SR an & 3 B
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Figure 3. Yield forecast results of Informer model in the next 36 months

3. Informer #RBIK K 36 PR RTMLE R

M 3 T DU B L Informer (O BINAER BERLAF, R AR RO AR SR b (4% 3).

WRIERAEEE, DR BB WS, WAL 4 Pl DUE I A SRR SRt . ARRR, BRI,
P ST BRATAE R R B . bGP Ut 20 s T 5%, HARHEZ A 6.14%, 1EN4E
eR et Wit R thAh, WA 5 AT BUR A S5 e AR SR R 2 IR AR, T flk it 5 7 # 2
FRIRFK R —FHHAT RS HABB S TRILPR S IR K. Za MR, ARSI 4 M T
HE B BCRENE O, TG — Mz ath. WshtE. AR IR BRALE 4. & 5).
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Table 3. Prediction error of Informer model

%% 3. Informer FRBVFNIRZE

RV e S MAE RMSE
FiEEE SRR 0.02464 0.03341
FiEfe % 0.0332 0.04397
iR e % 0.00132 0.00163

Table 4. Descriptive statistics of annual returns of investment instruments

4. AT RFWERROMRMESRT

BHRTH Gt A SRR (%) FRAEZE (%) RPRE R (%) KU F(%)
AE 2 B 22 16.52 49.19 -50.45 148.82
i 22 22 11.08 43.71 —65.39 130.43
Al A3 22 5.56 6.14 —5.48 24.08
—EIAERATAERK 22 2.17 0.76 1.5 3.67

Table 5. Correlation coefficients of the four investment instruments

=5 MMRETEMEXRY

ANGEHA JBe 5 Al A3t —AEIRERAT K
NHEEE 1 0.975955 -0.480105 0.187037
J e 0.975955 1 —0.465471 0.093105
Al —0.480105 —0.465471 1 0.096193
—EIAERATAEAK 0.187037 0.093105 0.096193 1

3.3.3. &£T1E - 7FE(Mean-Variance, MV)HRE pyran 5= &% B R S 451
L RHAE AR W2l DAL 35 B8 A PO R R BB, XU LA B WL 2l R I 19 5 22 - b s 2 AR
e, Z0m BB o AR 2R A A S B A R A T I R B B A A LR B E B, DORAS
XA FALME, GRS .
st.w'l, =1
0<w+w,<04
0<w, <135
w, >0.05

Ho, BRI ER g, RIS, BOSFEFIREE R B FREIE RN 2 - th7 Z5 R
RGPEERECN S s 1,2 EmEN 14 gEPlAE, & 4T~ L2810 w ow R RE T AR
BABEEREEH], BT NT 40%, w, £IF TGt E, LN T 135%, HEBKRTET 0,
PR T —FWRAT S R w,, TADT 5%,

{5 FH 2004~2025 4F (AR IR 2 26 (A B Informer Tl FIEFESL. bR bfT. RIEEEIRHOT a2
RH55]2023~2025 FHFW R, TR FIRERAT A FCER R LRFF AN RN, XA [E 2
AT B A R A S B . SRR Z R 0.02, KESPERE S H 3.

(10)
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Table 6. Optimal combination and simulation results of enterprise annuity replacement rate (unit: %)

* 6. RIMEERACWFEEREBRIEREBL: %)

Wedls ASEEG ME bt O Aelik makR T B
*%gfgf-ggﬂg 0.0 0.0 0.3 99.7 2.2 0.8 242 860292((1;[))
Eﬂfégjﬂifﬁﬁ 8.6 0.0 86.4 5 6.3 5 87.5 13;3?((1};/)[)
Mvﬁtﬁgﬂgi\m% 19.6 0.0 75.4 5 7.5 8.5 65.5 1161‘;59((1;/[))
q&%ﬁﬂjﬁé\ﬁ,‘]% 40 0.0 55 5 9.8 18.3 42.5 21358980((1;/[))

M 6 T LUE H, BEE A FIARAE R 2 G RS 2 O, ARdEZE AR ISR, AR B A SR L
B RIG R, A A3t (B B, i A SE R LBl e Dy 0. HAR 4 BoR TSR BARTE X
BNFASERE S, HREEE S AFEESHER KR, Fik, 7EERIGE A SRS A BARSN. 17F
—EFEE R B T B R AP AR £ B B IR0 28 T I MR R B SR B P R B LA, I PR I A SR 4
REMEE . HUGERH G U IR 2 S EURE IR . Britbz 4b, RAWGE R KRRHET, BN
VA EAEE 23.88%IE R HAR, ME MV BERMERHAET, B, WHEBEARTHN 1645%. 11.59%,
X UL B E R I ] B HEZE N A AE & B AR RN, RECBUNARIER . b4, Sk B 5 A4
BREm T, HFHEERFRGERNEK, ZRHUEDY K, PHZEEN 4.63%.
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