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Variable Annuity Product Features
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Annual Withdrawal 2-5% of Single Premlum Amount

GMDB = Guaranteed Minimum Death Benefit = Death benefit guaranteed during the deferral period
= Single Premium Amount - Accumulated Withdrawal
GMAB = Guaranteed Minimum Accumulation Benefit = Lump Sum guaranteed at the Annuity Payment commencement date
= Single Premium Amount - Accumulated Withdrawal
GMIB = Guaranteed Minimum Income Benefit = Total Annuity Payment guaranteed
= Single Premium Amount - Accumulated Withdrawal h R
3 GMWB = Guaranteed Minimum Withdrawal Benefit = Annual Withdrawal x 9-14 times (depending on deferral perlod) - S COttl S c



http://www.ing-life.co.jp/va/06_1_od/win.html

New Product Features

Products have evolved from the simple GMDB & GMAB features to include
more complex options.
Example: Target Option rider

GMAB Loss exposure at
Scenariol: Reached the target T -maturity of

Annuity starts immediately deferral period

GMDB Loss exposure when
deaths are occurred

Fund
Value

Target level (120%)

Single premium(100%

Initial Fund(96%) (F*=======*" ~ | T —4— 90% of Single premium

% 4

Dynamic hedging
Scenario2: has not reached the target
until the end of deferral period

Annuity starts or

Receive lump sum of
maximum of Fund Value or
90% of the Single Premium

v

death Hit knock out >3 death T=10-15 Year
Deferral Period (10-15 years)
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Japanese VA Market Potential

Since Oct 2002, the opening of the bank channel to Variable Annuity, the VA market has been
growing at a rapid pace. By March 2007 the inforce volume reached to ¥14.5t (USD128b). This is
not expected to slow, due to:

Retirement of large numbers of baby boomers

Full liberalization of Bancassurance or life insurance sales through bank channel

Potential additional players in VA Market (ie, Kampo)

Expected Growth of VA Market —
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VA players in Japan

o VA share in 2002
Mitsui Sumitomo
Met Others

o) 7

3.0%
Daiichi(D)
Daiichi(D)

4.2%
T&D Financial(D)
4.9%
Nippon(D)
5.5%
T&D Financial(D)1.9%

4.3%
TMN Financial(D) Mitsui(D)
6.5% 4.6%
Mitsui(D)
16.3%
Sumitomo(D) Alico Japan
66% 5.0%
Alico Japan
9.7% ING
11.8%
Manulife
6.6%

1,301 bill. Yen in Total

Hartford
24.0%

VA share in 2006

Others
4.2%

Hartford
21.7%

Mitsui Sumitomo Met

Hartford, Mitsui Sumitomo Met,

14.7%
and ING are top 3 players.
Sumitomo, TMN (Tokyo Marine TMN Tgalf;/cia'('?)
Nichido) Finance follow them in
hot pursuit recently.
5 Sumitomo(D) 1';‘%() 14,518 bill. Yen in Total

12.2%
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Product Structure: Capital Market Model

T

GMAB Loss = E°[exp(- {r(s) + h' (s)}ds aP P, - max(1.0- NAV (T) 0)]

= 4
Expectation on risk neutral measure / Survival rate to laps \ Compensatlon Cash Flow at T as GMAB

Interest rate Discount Survival rate to mortality

GMDB Loss = EQ(D exp(— j{r(u)+h (U) + 2. . }du -max(L0- NAV(s) q'

Instantaneous death rate at s Compensation Cash Flow at s as GMDB

Receive Unit = EQ(Dexp(—J.{r(u) + hl(u) T Uy }du '1' O . Integral is for aggregation of
0

Cash Flow at each time s.
Survival rate to laps and mortality

r(s) :spot rate
h'(s) : hazard rate for laps ~ Fixed value or scenarios according with ITM/OTM of NAV
L - power of death
NAV(s) : Net Asset Valueats
4 . . - n
NAV(s) :ZSS' ds; =S/[(r, +/1i)dt+Zo-i,dej]
i j=1
Japanese Stock, Japanese Bond, Foreign Stock, Foreign Bond considered thelr correlatlon
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Premium setting through Monte-Carlo simulations

Stochastic modelling is employer to derive the hedging cost and manage risk exposure.

Spat rate changing
006 T T T
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Spot rate dynamics by CIR model
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003
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VA Risk Management Complexities

* Multiple and complex risks exist and are compounded.

e Typical Actuarial methods cannot control GMxB risks because,
1.Market fluctuation risk is not stabilized by following “Big numbers’ rule” even if a lot of
contracts will be gathered (risks are not independent).
2.Actuarial mathematics based on a deterministic or a static approach to risks are hardly applied
to uncertain feature in time series.
3.The volatility level is relatively higher than traditional insurance risks (market risk).

* Furthermore, hedging instruments such as capital markets derivatives cannot be applied as there
is no consideration of insurance risk nor customers’ behaviours.
(Instruments in capital market are based on ideals such as a complete market, no arbitrage,
abundant capability, but insurance risks are entirely different from this basis)

The interface community between Actuaries and “Quants” has not been developed before
appearances of new product like VA which is in the middle of these 2 markets
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Risks contained in VA

. Market Risks

*

*Credit risks (MBS, corporate bond, etc)
* Insurance Risks

ortality
ongevity

* Integrated Risks (Customers' behavior risk)

*8urrender risk (Lapse)
ing riskSwith

Small impact
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How do these risks manifest ?
* Market risk

I]D:> Asset Value may not reach guaranteed level (See p2)
* Insurance risk & Surrender risk

Risk is the difference between assumed rate and actual rate.

4 Survival rate by laps
T T T

1

X Assumed Survival

095 rate due to mortality 1 osr
Compensation sk
B9 as GMDB
% o7
E 085 - X
§ 06|
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ﬂ 05[
e Actual Survival ) | |
rate Compensationas ;—
07 : ' ' ' : EEAB Compensation as
o 20 40 60 a0 100 120 . L L L L p I
Honitbe 0 20 40 60 80 100 20 GMAB

Months
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Mortality

The mortality difference in deferral period
is compensated as GMDB and at maturity
is paid as GMAB. The volatility for it can
be minimized by grace of “Big numbers’
rule”.

Surrender (Lapse)

The GMAB benefit at maturity is sensitive
to differences in surrender behaviour,
which is believed to have strong
correlation to change of asset value.

The industry doesn’t have sufficient data

to analyze yet. :-'7'.. Scottish Re




Difficulties for managing Surrender risk

* What makes it hard to make a model for Japanese customers’ Surrender activity.

1. Insufficient data has accumulated in Japan — Only 5 years’ experience ( Investment market has
been flat for last 5 years )

2. Japanese consumer behavior with financial products is different from that of US or Europe. Hence,
transferring the model from there may not be appropriate.

3. The typical VA customer is from the ‘silver generation’ which is different from the customer buying
investment products.

4. The existence of surrender charge (penalty) makes sensitivity to potential factors, interest rate,
stock price ,etc. lower than would otherwise be the case.

5. VA s not a pure capital market product with no arbitrage, complete market, etc therefore regarding
it simply as a derivative is inadequate.

* However, ignoring this risk is dangerous as:
1. Large deviations from the assumed survival rate at maturity could cause severe GMAB lossed to

the insurance company.
2. Using a fixed surrender rate might result in “over-hedging” or “under-hedging”
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Trial to manage surrender risk - Dynamic lapse approach
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Persistency is thought to be negatively correlated to asset values.

Survival rate by laps
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Assumption: The contracts will lapse at higher rates
when asset value is larger than initial value. (OTM)

The contracts will lapse at lower rates when asset
value is smaller than initial value. (ITM)

Through the simulation,
profitability change can be
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Hedging of market risk in Japan

. Market risk hedge solutions are not common because of difficulty of control, lack of providers,
restricted regulation.

. Major foreign insurance companies cede out to their parent companies.
. Domestic insurance companies have retained with high reserving imposed by FSA
. Investment Banks are eager to sell their financial products but the cost level seems to be higher

than expected cost level of insurance company.

. Recently, Millea holdings announced to establish VA reinsurance company with JP Morgan. This
kind of movement will be followed in several years.
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Market risk hedging - Static Hedging

* To prepare the basket of put options. Each option could correspond to assumed cash flow in
liability applying fixed mortality table and fixed lapse rate. If these assumptions are as predicted,
a complete market hedge could be attained. However the cost to rearrange will be expensive if
experience deviates from the assumptions.

& compensation from option
Example - 10 options ® NAV

Assuming
mortality

10 options corresponding to each year’s cash flow which should be same as mortality rate
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Market risk hedging - Dynamic Hedging

* To have an opposite position to immunize a change of present value of GMxB. Rebalancing is
performed periodically. The frequency of rebalancing and depth of immunization are determined
considering the trade-off relation of accuracy and cost.

Applying “Greeks”
for market risk hedge

Vit

L ST N

A

“Greeks”

A= % : first derivative by underlying asset

2
I= SA\t/;[ : second derivative by underlying asset

L= M - first derivative by volatility
Oy

18 p= ? : first derivative by interest rate

rt

0.04

-0.04

Hedge Error with No Hedge
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Hedge Error with Delta Hedge

Months




Potential Future Developments

* Trial approach for modeling customers’ behaviors (Lapse)
To adapt survival analysis to each customer segment.
1. When customers’ behavior depends only on passed time “t”
=>Kaplan-Meier estimation

2. When customers’ behavior depends on several dynamic factors.
=>Proportional hazard rate model

L:ﬁ Nexp(ﬂxi) . t
= e, II‘ P —exp(—! hy (t) exp(f, )du)

Parameters are (_:alibrated Continuous survival rate on
through maximizing log lapse
likelihood or AIC
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Potential Future Developments

* Feasibility of securitization as a funding vehicle

To transfer market risk and combined risk (surrender risk) to the capital market is a potential key
response to the change of insurance industry in Japan, considering its huge capacity and
efficiency of capital market.

Guarantee
facility
Reinsurance Compelsation guarantee fee f
premium o’ Premium a c+a-B

Insurance | = | Reinsurance| ==
SPV
company |€=E| company |<mmm

Loss compensation compegrsation _ emained principal
Red tion coupon G

| Investors

| &l

. Trigger events
\‘\__ﬁ ==)> Normal situation
K \‘ Fu ndS mmm) Event happens
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The End

Thanks for your attention
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10" Global Conference of Actuaries
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