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Simulation

Adverse Selection

Hedging

Propose a practical
approach for modelling
longevity risk that deals
with the drawbacks of the
previous research that
merely bases longevity risk
forecast on the
conventional mortality
models

Propose a framework
through which life insurance
carriers can monitor the
information asymmetry,
influencing the
characteristics of the entire
policyholder pool
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Adverse
Selection
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Develop a systematic
procedure for hedging
longevity risk without
transferring the risk
through the derivative
securities markets, which is
nonexistent or illiquid
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Simulation

1. Simulation Model

_ 6%

Where: 5%
qxt : Actual mortality rate for age x at time t 4%
Qx,t : Expected mortality rate for age x at time t 3%

C; : Stochastic Process at time t 2%
& ¢ : Fluctuation risk for age x at time t 1%
. W

2. Present Value and VaR formula 195 60 65 70 75 80 85 90

e==@==\|u ==@==Sigma

100%

Where: 80%
N; : Number of policy holder at time i
P : Individual benefit amount 60%
7 : Discounted rate 40%
3. Research Data 20%
UK Mortality data from 1961 to 2007 0%

(Source: Human Mortality Database)
==@==|arque Bera Normality test p-value = e====15%
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Simulation

Simulated Mortality Paths by Age (75 and 80) Discounted Cash Flows by Year
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Adverse Selection

Adverse Selection Models

Interpretation of ¢;

Xgl) =q o In et _ In Aqx,t ta; et _ A‘Ix,t et
Ax,t—1 Axt—1 Axt—1 Axt—1

* @;<0 implies that when the expected mortality
Adverse . . .
a;<0 ) rate is decreasing, the extent of the decline in
Selection . .
the actual mortality rate will be even less,

leaving more people alive
* ;<0 and the increasing expected mortality
m As expected implies the actual mortality rate will increase to

a less extent, leaving more people alive
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Interpretation of 6;
Xt = ln Axt _ ln Aqx,t
Ax,t—1 qx,t-1
* The interpretation of ; is obviously the sensitivity of the growth rate of
the mortality rate errors of a policyholder to that of an index

* Note: This representation of X; implies that the growth rate of the
mortality rate errors is equivalent to the difference between the growth
rate of an actual mortality rate and the growth rate of the expected
mortality rate



Adverse Selection

Adverse Selection Models

1. Idiosyncratic AS Model

Interpretation of «,

XP =g, o In-Bt —n 35t g o Gt _ dut pa
Axt—1 Axt—1 Ax,t—1 qx,t—1

* a,<0 implies that when the expected mortality
Adverse . . L
a,<0 . rate is decreasing, the extent of the decline in
Selection . .
the actual mortality rate will be even less,
ap>0 Favorable leaving more people alive
* a,<0 and the increasing expected mortality
m As expected
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implies the actual mortality rate will increase to
a less extent, leaving more people alive

Interpretation of 6,
Xt = ln qx,t _ ln ,\qx't
Axt—1 qx,t—1
* The interpretation of 6, is obviously the sensitivity of the growth rate of
the mortality rate errors of the portfolio to that of an index

* Note: This representation of X; implies that the growth rate of the
mortality rate errors is equivalent to the difference between the growth
rate of an actual mortality rate and the growth rate of the expected
mortality rate



Hedging Strategy

Hedging Model incorporating the portfolio theory

1. Developed a model to transfer the longevity risk through liquid financial market without
relying on the derivative securities market, which is non-existent or, at best, illiquid
2. Eliminated all the systematic risks by appropriately weighting the three portfolios

Tppt—TF = ap + Op(pme —17) + Vp

Tpit Return onthe DB Plan portfolio at time t

Tr Risk-free rate

Abnormal return on the DB Plan

a
P portfolio at time t

6p Sensitivity of 1p p ¢ — 77 tO 1p i r — 77

The growth rate of claim payments on

™ an index
m,t
" CFey1 PN¢(1- th)
In re. In DNI. ln(l —Ax t)

Vp ¢ Error term
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(n1) _ —
Tt =
ai("l) + ﬁi(nl)(rm,t - rf) + Bi(nl)(rb_m,t =75) 4 55':1)

Return on the portfolio of

.rif:ll) - Zwi(nl)r'(nl) o .
securities at time t

it

Abnormal return on the

("1) Z (711) ("1)
portfolio of securities

g = pw™p™  Systematic risk of portfolio

(n1)
o) = 3y g () Sensitivity of 7, — 75 to
Tpmt — Tf
e =gw™el  Error term
(n1)
'(nl) 0< w;
Zwi("h) =1

rP(nz) —r = algm) + BI(JnZ)(r _ rf) + g(nz)

rP("Z)
Ty

ai(nl)
(n2)
P

4

W(nz)

Return on the portfolio of securities
irrelevant to rp , ¢ — 77 at time t

Risk-free rate
Abnormal return on the portfolio
Systematic risk of the portfolio

Error term

0< w("z) <1,

Zwi(nZ) =1



Hedging Strategy

Hedging Model incorporating the portfolio theory

(n1) (n2) Wit +w36(" =0 wiBE™ +wipl™? =0
* * * 1 & 2
Tpt = Wilppt T Walp, " + W3l ” +1f 3 .

i=1Wi =

o
s
® w1 _ o2 2 (n1) (n2)
(:2.: Tpe =Wiap + wiVp, + wye p ("1) +wsep ("2) Var(rg ] = wi*Var(Vp) +w; Var( . ) +ws Var( Ept )
- 2
;S.. =w;?y wp i oy? + wity wi(nl) O, 2 + wity wi(nZ) On, 2.
.
=
Implies the return on the complete portfolio is wy ap. Portfolio diversification will ensure the convergence
. Since gp is inherently qerlyed from.th(.e .chara.cterlstlcs of wiwp ’sz(nl) W3W(n2) t0 0.
‘% = of policyholders, then it will be of significant interest In oth ds. th fth tFolio will
' =1 for the insurance carriers to manage its pool of n other woras, . e'varl.ance ° e. portioliowl
= . converge to 0, eliminating all the risks.
== - policyholders.
w7
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Conclusion

Summary

Limitations
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