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Research on longevity swap risk pricing based on
Lee-Carter model of Copula method
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Abstract: In response to the problem that the existing longevity swap products are deficient in considering
the dependence of population mortality, the Copula function was introduced to establish the dependent
Lee-Carter model. In addition, the Sharpe ratio pricing method was used to price the longevity swap.
Firstly, according to the empirical analysis of China’s data from 1994 to 2017, it was found that the
improved mortality model is more realistic and better than the original model in describing the overall
longevity risk; secondly, the Monte Carlo simulation was used to simulate and predict the future
mortality, and the longevity risk price of the retired population was given through the Sharpe ratio pricing

method, making the pricing more reasonable, and at the same time, it turned out that women need a
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higher risk premium than men for longevity swap; finally, by analyzing the impact of the sample period,
the start time, the Sharpe ratio and the term of longevity swap on the pricing of longevity swap, it was
found that each factor is significant to the pricing of longevity swap, which further verifies effectiveness of
the Sharpe ratio method for longevity swap It is more realistic to use this method to price longevity risk.
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Table 2 Mean square error of predicted value and actual value of mortality of two models for next 5 years

i %l 1 5] 2014 4 2015 4F 2016 4F 2017 4F 2018 4F
— ! 0.007 45 0.019 51 0.022 79 0.025 61 0.013 93
A
= - % 0.003 97 0.007 76 0.004 84 0.007 57 0.002 12
[ H 0.007 29 0.019 60 0.022 71 0.025 54 0.013 78
Jir A
% 0.003 97 0.007 74 0.004 81 0.007 56 0.002 11

3.4 KETH®REMN
MR 55 Bg B 5 » B B AF 60 J8 % LR AR 55 J8 2R K, 3% % 4 09 S A i a] DA AR AR B FF 4R 1
B T DA SR B 4 TR IS 2 i T T I 1 K A KU S B 60 5 S 55 % e K A KU



514 W TR 22 B 2 R %324

T LA R 60 % Bk 55 2 L E] L ARBCE L NG 1 1.8 5 U5 21 L g i A 20k
BEA . 295 ROk 30 A B AES S EAENT KAELH AR 40 F LW EAERT K AL, AEmEN 1,

S=0.75. M THME BB AU TR By 7 2 L I 1 5
17— BB el ~C (g S0 ) (5

M
o e

r
o,

2 WG FEALEL () e MR AR () SRAG B EY Lee-C

PR BRI T B P BR AT

)

arter AGRY IR [E] 35T F) B (L &0 &5

WA DFFRBE LM BB n AR5 B 0 B8 T A 5500 A5

MM M
M — M f k —k
J7n""+” 77)’11,,6'?»‘ i h

F F
F - F (k —
Mg =my e S b0

M F
. (,n.r.Hrn +m1‘.l+n>

P
My tn —

2

K 1 FE] 15053 AR A 2K C6) H L AR B I A P 5 R AR B L SE T R PR AR O ST R
O D~3)FEE 3 000 Y FITFH T A BRIE TR T 2%

¥ OHRREI T ZAAAKX G IR ¢ mi &

AR E 3R BRAG ) N ARk 30 4R BT T % KRS i
.55 % PRk 35 4R SE T R KBS Ui 4 A1 60 %/ T3 MR
K 30 AFFE T AR Uit A AN 6~8 iz . H AT 60 %7 1Y
FAENTAEARA 17 4F N B9 FE T 3R KBS 6 4 B 1R 52 BT
R WEAT BB s AR 18 4FE 30 4F N KUK Uit T
HHAXTRT 17 A2 G5 AR P B WARAE K . & 1R ) KUK i
MAERAKM 20 458 ETHEH . ZJR1E 0. 10 B R ¥,

T 1 SF- 25 RV i A SR 0. 077 8., 2z 11 - 1 RIS i
9 0. 088 4, GAR A2 KBS 3 4 0. 077 2., Ui W 7E R
RZIG L PR FE T R E M L B PR, 53 4k, ]
T PR R R 30 4F (97 2 XU i 4 D 0. 082 1, 1€
AR 30 A PA L 35 I Ik A AR I 4 T 95 A E R R 1 SF 2 K

i)
(6)
2B B A% RIS 0 #
0-14¢ R R
012l — — THRRERH
0 1 I 1 L 1 3
0 5 10 15 20 25 30

s ) /4
B 6 AR 30 AEFE T4 KUK
Fig. 6 Mortality risk premium for total

population for next 30 years

B v A o AR B A T 55 R A5 L P P 5 DX i A1 2 T 5 T 3 o AR BE 5 T o B AR 1 2 X i D T 5
5Pk B B U A o X PRI B R X X T RS R S T R A AE AR R PR RO R L

FE R L AEAR I 5 16 2

0.14r — Lo KSR
W TN

o012k X KBS AN

0.10
*\é 0.08 1%
& 0.06 =
X

0.04

0.02}

é IIO 1I5 2lO 2lS 3lO 3I5
Hef i /4
7 55 M A MEE K 35 AEFE TR N
Fig.7 55-year-old female mortality risk

premium for next 35 years

3.5 SERENEN

0.-14r W XIS
— — PR

0.12}

0.10}

0.08f — — — — — — —

5 10 15 20 25 30
Fisf 1) /4

B8 60 % B okok 30 4R FE T R i
Fig.8 60-year-old male mortality risk

premium for next 30 years

SR 3 A A TR A A ] 300 4 B ok AU, i 1 9 2 0 - LA L RG 65 % N S ], L 19942016 48 iy 2 4 i ]



6 A% 5T Copula J7 kB Lee-Carter #E5Y f94< 77 B4 X I &2 i BT 5 515

2017 AF Sy 28 (kW 18] A 2% 0 8 A2 3155 AN TR RE AR A 0T 09 XURS: 6 1 285 SR AP 9 Frs . e & 9 Wl B
A AR A XU i A 5t e gl b T A R s e T SR U HE A L O A R P o DR i 2 0 O XU i B
R VIX A TR St — 0 R O AR 4y X XURS: T 6 1952 . L H T 65 % N H D il L 1994—
2013 AF g i 4 5 18] 5 3153 A [a] a2 463 b 18] T By KU, v A » A 1] 10 Fr 7 o g PRI 100 RIS A [ e i 6] 41 2
Xt IRV i 1 35 BB W X S R B AT REAILYE o 55 Ah R S C5) AT LUAIGE S b XU i 114 52 i) 2 B2 2k 1k
(9524 o B SE I FLA A T ¢ 08 AURG: T 0 A9 52 0 0 2 SR R R Y

0.16¢ 0.16¢
0.14} 0.14f
0.12+ 0.12}
= RS
ﬁ 0.10} p 0.10}
= 0.08} = 0.08}
0.06} 0.061
0.04+ 0.04}
0.02 - - : : - 0.02 : - - -
0 5 10 15 20 25 0 5 10 15 20
BEA R /A e Gy B i) /4
B9 R[S BT 80 XU i f 10 AN [ 2 4y bk 1) T By XU #6i
Fig.9 Risk premium under different sample periods Fig. 10 Risk premium at different starting times
‘% B

oy S BUR F7 R IE S A6 » AR 2R SEBR 57 1 HATHIARE Y LeeCarter BERL, I3 ] Sharpe [ 45
IR AR BARGE A AESEUESM T HR ST A 3t 15 W D5 2 BT A I [ A e R v A AR O AR R S AT A
14 X 77 RS R M IS 5 1Y o DL X B AT Copula 23 M b 220 . [ ASBF 5E 0 O 1 75 B4k
AR BUE MR AL T2 FEMLEEAS L o0 M TREAS JEUT PR AR (9 362 4 16 1] L Sharpe U AT A7 B4 14
BRGH  73 FLHA A% BRI ¢ BRAS TR 2R A9 52 MR AR S 35 1) - U WA B A Shaarpe HE S5 15 X 73 B4 5E A S
AR o TERA A7 FA)™ iy K S $E BT AS T 55 O 8 7 3 1) T B AL 7 0 9 W] O 2 S R T X
BAEZ e iR 2% . NI ARE 5 BT — € W BIS T H 5 BUIE R o ARk AR i — 2B 058 op [
KA REE T T Sharpe HRAYHUE  AEDE Sharpe o 2R G 45 e v [ K 25 XU 117 47 114 137 FH

S 30k

[1] RONALD D L, LAWRENCE C. Modeling and forecasting the time series of U. S. mortality[ ] ]. Journal of the
American Statistical Association,1992(87):659.

[2] RENSHAW A E, HABERMAN S. A cohort-based extension to the Lee-Carter model for mortality reduction factors
[J]. Insurance;: Mathematics and Economics,2006,38(3) :556.

[3] RUSSOLILLO M, GIORDANO G. HABERMAN S, et al. Extending the Lee-Carter model: a three-way decomposition
[J]. Scandinavian Actuarial Journal,2011(2) ; 96.

[4] KLEINOW T. A common age effect model for the mortality of multiple populations[ J]. Insurance: Mathematics and
Economics,2015(63) :147.

[5] ENCHEV V., KLEINOW T, CAIRNS A J G. Multi-population mortality models: fitting, forecasting and comparisons[J].
Scandinavian Actuarial Journal,2017(4) :319.

(6] Rbes, 24 b E N HFET 2 Lee-Carter BEAY 5 FEAAL A 1 BUN 5 0 LT ], o R RE,2014(4) < 27,

(7] WKW, EWRZE. o A H AT 548 3 35 5 4 A5 KU BE i WF9E LT ], BN A4, 2019(3) 1 67.

(8] MImiA UV B THHECRMPE A DL TR R ] 53t 51 Bi81x,2016,31(10) . 3.

(F 4% 540 70)



