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Motivation & Goal

e Uncertain mortality trend (longevity risk)
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Motivation & Goal

« Uncertain future mortality distributions

 Difficult to
project
accurately
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Motivation & Goal

« Uncertain future mortality distributions

 Difficult to
project
accurately

Remaining life time
of Xx=65:

14.7 (£0.4) years;

Money’s worth of an
annuity:

12.2 (£0.3) euro

1

0.9

0.8

0.7 -

0.6 -

0.5-

0.4

0.3

0.2

0.1

0

simulated cohort sunival probability of Py (x=65)

N

N

N

—— 5% quantile

—— 50% quantile

—— 95% quantile
e mean

t Pes

0

| | | |
10 15 20 25
t years

30



Motivation & Goal

* No clear view on the ‘right’ price
— Incomplete market, unhedgable risk
— Rule-of-thumb risk loading system
— EIB/BNP longevity bond (20 bp)
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»Goal: Quantify longevity risk premiums



Stochastic mortalities

Y, 1850-2003 (male)

o

e Lee-Carter 92 model 0 | J'A |
gl t
In(lux,t): ax +16xyt +ax,t 2r ’
Vi =Ct V), T& i

jj‘ “~

_E | 1 1 1 1 1 1 |
1940 1860 1830 1900 1820 1840 1860 1930 2000



Stochastic mortalities

Y, 1850-2003 (male)

e Lee-Carter 92 model
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Pricing principles

e CAPM (Friedberg and Webb (2006))

— 75 bp (= 0.15 * 5%), with c.i. [-75, 230] bp
e CCAPM (Friedberg and Webb (2006))

— 2Dbp
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Equivalent Utility Pricing

 Compensate the insurer (seller), such that, he
IS indifferent between bearing risk and not
bearing risk.

sller - Eu=' W -s+ P~ )|=u ="' {w)
buyer:E[Ub“yQN—S)]: buy6/\/ p)

— Young (2004), Pelsser (2005)

e Insurance risks

— Svensson and Werner (EER 1993), De Jong (2005)
* Pricing wage-linked claims



Pricing longevity bond (1)

« Without longevity risk . -
V, =max, EB’O eu(D, )th
! [
EB’O M, D,dt =W,
e With risk (seller)
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e Results

Pricing longevity bond (2)

 Preference U(X)=— ! )eXIO(—UQ/Vo)X)
— Additive T

—-b=1,..,0 aéNo):ﬁéNo)_b

77:1EB'Te‘rt ING,dt:
o =

G = Elexp(-a(E[S]-9))

— Risk premium Rp

— Risk loading ($)

[eelsltem=[ et ekt
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Pricing longevity bond (3)

« Longevity risk loading 71

w0 = 10000
maturity |best_est| b=1 b=1/2 b=3/8 b=1/4 b=1/8 b=0
5 4.38 |0.0% 0.0% 0.0% 0.0% 0.0% 0.1%
10 7.79 [0.0% 0.0% 0.0% 0.1% 0.3% 0.8%

15 10.12 | 0.0% 0.0% 0.1% 0.3% 0.8% 2.2%
20 11.43 |0.0% 0.1% 0.2% 0.5% 1.5% 3.7%
25 11.99 |0.0% 0.1% 0.2% 0.6% 2.0% 4.9%
30 12.16 |0.0% 0.1% 0.2% 0.7% 2.1% 5.3%

 EIB (end 2005):
— Own fund: 30,000 million; wO = 10,000 mil
— First coupon 50 million; NK = 100 mil



Pricing longevity bond (4)

* Risk premium (additional rate of return) Rp

equity w0 = 10000

maturity | b=1 b=1/2 b=3/8 b=1/4 b=1/8 b=0
5 0 0 0 0 -1 -4
10 0 0 -1 -2 -6 -16
15 0 0 -1 -4 12 | -31
20 0 -1 -2 -6 -19 -44
25 0 -1 -2 -7 -22 | -53
30 0 -1 -2 -7 23 | -56




Pricing deferred bonds

— Lower upfront capital requirement
— Higher risk premiums

# years w0 = 10000

deferred| b=1 b=1/2 b=3/8 b=1/4 b=1/8 b=0
0 0 -1 -2 -7 -23 -56
5 0 -1 -3 -8 -25 -62
10 0 -1 -3 -10 -32 =77
15 0 -1 -4 -13 -40 -94
20 0 -1 -4 -13 43 -111




Pricing floors & caps

 Asymmetric payoffs

w0 = 10000
b=1/4 b=1/8

maturity | bond | floor cap | bond floor | cap

5 0 -7 7 -1 -8 7

10 -2 -11 10 -6 -13 9

15 -4 -16 13 12 21 12

20 -6 -20 16 -19 -29 14

25 -7 -23 19 22 -33 16

30 -7 24 20 -23 -35 17
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Natural hedging (1)

e Term insurance Is a natural hedge for annuity
— Negative shock to annuity
— Positive shock to term insurance

AnnuityShocks | nsurancehocks

where (relative level of) death benefitis B,
e.g. decreasing death benefit B =T+1-t
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Natural hedging (2)

e Impact on risk premiums

equity w0 = 10000

maturity | b=1 b=1/2 b=3/8 b=1/4 b=1/8 b=0
5 0 0 0 0 -1 -2
10 0 0 0 0 -1 -5
15 0 0 0 -1 -4 -13
20 0 0 -1 -2 -7 -22
25 0 0 -1 -3 -8 27
30 0 0 -1 -3 -9 -28




Conclusion

Tackle the pricing difficulty

Provide design implications for longevity
linked securities

Apply equivalent utility pricing principle on
longevity risk pricing problem
Look at various longevity linked securities

Pricing Is considered together with
hedging

17



Future work

 Robustness analysis
— Data
— Mortality models specification

* Impact of basis risk and risk sharing

18



