Actuaries

C1Ag" Are We Approaching
. | the Upper Bounds of
Human Life Span?

Jack C. Yue
National Chengchi University
2016/05/19

Oen®
dWVE SOCIETY OF ACTUARIES
3 L)




Actuaries
Summary

Motivation

Proposed Approach

" proposed Approach
= Simltion Sudy

Simulation Study

D 2\
SOCIETY OF ACTUARIES
Y




Actuaries
Prolonging Life Expectancy

* The average life-span has being experienced a
significant increase since turning to the 20th
century.

—> For example, the life expectancies of U.S.

male and female were at the upper 40’s 1n
1900’s and reached upper 70°s 1n 2000’s.

—> The life expectancies of Taiwan male and
female have similar increasing trend.
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Actuaries

Increments in Life Expectancy” ™"

* The life expectancy in U.S. has an increment
of 0.3 year annually during the 20th century.
The trend 1n Taiwan 1s similar but 1t seems
that the slope 1s steeper.

> According to U.N., the world has an annual
increment of 0.25 year, during the second half
of 20th century. The trend 1s likely to
continue, at least for a while.
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“Run! 73 million baby boomers

are about to retire!™

"We're launching a campaign to get people
to take up smoking again!”



: . \ctuaries
Impacts of Prolonging Life ~~

= We are experiencing the longest life ever 1n
the history, and this has changed our lives.

—> The life expectancies at age 65 were 12.20
and 14.63 years for Taiwan male and female
in 1974, increased to 17.91 and 21.33 years
in 2014. It increases about 50% more
financial burden for retirement preparation.

—> Taiwan started national pension in 2008, in
addition to other social insurance programs.

c\%’f‘v
Q’E‘; SOCIETY OF ACTUARIES
X 510 2



Soon they may

live for 200 years

IHE day oy oome whea
ik sl oebebrale e dan of
ridicla spe on thair |{lih birth
day. Gee ol e wodbd s fisd
"l'lll'l'lll"l.l"l'l'\.l'ﬂ:i'll'i fowa
madeied g avings Lk
wijmilasy i e devilopsl
world coald rne in 300 yeses by
il el ol e DERILTY

PForan ihe omd of the [Tk
refdEy I BN (il ilip me
avimas e spam has o rmamd
deudieial. In iew Feadaich s
wimme preadin & ump of
e el proporiEns eser
T Rl 1N yoars, faarks 1
aliancen i geacie madicne.

Chel af B0 Bapeis oh ageig
who won psbad kfw

m:hl ¢y Bar a ko in
i, mwe dhan half believed in
waahd b s shan 100 yesn
Seven who sweie bimervicwial in

o s h g o dw Raar
nal of Anl. bledaine
wlavvl 1) ikl S heTaTEn
| 0 ] AL

I sach i chaige were e hap
pel, @ wauld mwan & werd

domimeed by Uc -0y
i i radonl ErREE 0 othe

TR Az

I ee pasd ceilury, iRdfeies
CR RMECTIANCY WO 3 mak
&l glenrer [iving eomliiom and

Roger Dob=on and
Hina Goawami

Ihe &l o fonfeal o midd
ifeciioan  disegan, och =
malpesr o fibenukss,
Ohver e pedl eEBlLEY, it
[l -8 actvarcn will
gk the ireerige le dpan & g
nifcantly i
'||||Il-|‘-| Hrl.u:-|
Pt o Wadic e @ Micls
Haie Untreraly. wan ommng
e pupeans sk sl b
ocpactmey cosld nwe s NI
pEars o Fofe. He wdil = Poogls
BNEI o L A bedl ieE 800 i
a wernlar positiun §o the 18M
with e o oy e
iyrid = ISR HRETEY
“Hs b e older, v oelk
pialy mie amag tham
I:l'l'ﬂ:l | II;Fri..E: |rrlp.'4|5t.|
B il W PR TR PRDESE
ami, thrugh : Inkerven-
i, W LT b i e e o £
riterrenivee
et mbery e wial [
1k uikds, s rh.l' ArETG
aivascss m prrkik eewsh
Ty Rk i seaTes 1 g
lile in this cooary, Ehirabeib
BlckBeim, profzisd of hae
chermmiry ai the Ushvenosy of

Cafiliesin S Froreis, said

Flimial pin.

Illuu.irm..n.l».g. owaldipeach 173
YR i pof s |

She sail: “Ih caperiiienis is
emall @mimale whan ST
pency wr muiscd away fom
[T T
incremss life span twaiold We
o1 vel e Bn iy pRCIEe
ol heaw ihea worlk in
hutrars, bt "5 dwesreiealy
pesaible W knos e ic s
penciee compoecrd [allocting
igeing] bet den ?n Enow
wheiker o will be o lew pene
i@ Yoo member ™

The wyscring 18 i hramar
BRRE ok B BB
u Lbe e ressan for he peod e
s ol anch dramatis ey
maverage life s The bresk-
g Wi wiade f0d7 pead

T st mg ool Ui Foui wam

EHL COdE — [F FETEIE —
ﬁ.ﬂ'!'!: Fidm Feaim fl.rE'll-lr: prodic-
thora of mech dramuik; seroases
i verings e i jurs. The becak -
hrvaiph was madds foaow yeans
agn By b panaliel proeris b
i o af [N AL & i 80
ot vemiwre ko by Armencan soi-
etk v Oy Wy aid 1he
migTaional tiie-lerdded -
Hin j'rnwrr o, in which
;1] r Cerara in Cam
tﬂu: aped u lesding ral

i cxede niflary higge e
tial = b itk Ii::i. agong

arel reweace® hat g Iy shwiin
thal iremiplasicd agedskinezih
ik b e o by s el
on of KA, (her wicnils

o few comviieed, beowever,
hdiving ithe Berran bady ke
frosd Himin o B yewin il b
{0 ey b passhile 1o hepach,
To duic. (hough e s ne
e chimio o bl g 6 puCTaRCY v
elling ofl. & make basm in hﬂf
liml in me RNK Bad a file
opectmey o pml gy A0
yets whle & Termale bad a lile
al 42 Ry XKL, 3

man's file eapeciancy was T8
Y g 5 wanmgn A B The

e |3 cindimen
Rl P SRRl Nete Boaides
Profewirrt Torm  Karkwand

Il 0 W BBl ogsy il N
Ay I.Iul.mn}". Ireime
Ageibg bl Hoolh ikl iy
il s i porremmininy Rad

Iz mmprinel ihai ke caper-
ancy w sl g,

Hr aad; “ini wueld
fave sl wili the

mamrsl af ol cowsgs nd pre-
wiies dealh theoiggh indocinns
hapiid, il paparmaricy widikl
ward 1o resch & 2 Whai
e (ke gl by sigiee o

that sver e pasl I3 yoam we
have scen cupecmncy IncTeRs
which nefls i the igeing peec.
man 1 il change
Kithwissd believes mond of
the guins in NPy eEpeTHELy
b sireshy boon made sad
Ut these - Bl prosgeest of 0
s hesichreugl e e
Ly il will severse ey
Fe ewvmmans lds agpaciEnsg
wiill e #0 by bz year 200U
He i “Liviag Tos 290
yEE W uarendidie. 1o de tha
Wi il Rdve 16 Wi ol
thinge Hed career, Bean iariw
ol oifer mue
leima . Dheapi i bl fioes. Bei i@
E of hew maL, tha iy
of ermdlation of diesss is fne-

rratinghy doea ”
|Lm mol Jusd gescie: mivancss
that ey Bl keigewing.

Exzmarch on apirrals fen whream
that, redeen g cabis inieke can
increEs | e psn By M1
SeieshEl afe pow IFisg o
devilop i i bl din
ol mmbvia #a afisci of cale-
i aliDd willsmil pecple
hareing 1o s bean. R ecemr i
Lidied lail week :J.“nl:l.lnl:;
ok b e By B[R0k
Sil, which coninih wlhes
£l L ey oF ol 1

T ——
Lifa 1]
England and Wake
90 Yo

& hirth

1]

n

i

Urdacking the et rets
i i [ M

i1

Bzt utn bed vt

Iy ERGHn I =
Beapappen B,
ary b akla fa
couminract the
IM‘H._ '\-'i'l.

B othew e deenE
HLTERSE I BT SupEansy, o
B kel W meAn w0 geER
[prawEr B orden o keakh e
e and pessods. 11 will l:ll'l:.r.
wiam apn o i ErEE i E
uphearvals m bl

The workils popul il ios gl
] aa2 urer wan aboi Wiln
i 000, covpared with abail
Wilkn g POUY [y TOSG jhe
fdinlers o Hizly io haie -
plad 2z 1 Mllme

In o cpod losd yewr. ibe
Camigr for Seraega and Ins.
naraal Sheles, 3 U5 ihmk
ra'lli.. warmiad (il “cousiis
will have o mon sgaerd (e
o0 b Oeir eostomic sad
uvial Ehne aganu v Al
ol il e ™.

Bokeelas vech §s  BIeCE-
wirtl, howe ver, e eaciied y
e poas balinea al 4 longet Rl
Sh:F:ud. ~How rrmrn-;l' -
Bave el 0 dio sareiviig
ehe m oxr Iregs, sich 12 b a3
dirvelol. il el hal (e tis?
S0 much heman frtial &
wilsped. Perbigs seih longer
Irvpe, w comld e oo R 0

iker, halier aumd briter
The Megapine, pages 18-

5

s

Huirtion
B ilgrifcind

el wetiin i

cahnihd Wilaho

oy o bl 1o lscreane
Tibeigen By wp o WP
Geiaibdy pre now irying to
hiriea Frugs T1at well mamic
thes efacty of sating lamm

Baptn g disasa

Fismaz trizin

arm alrasdy

baing confucisgd

o EandEr vidtni sl
it i oy o Fie
tari bk CH 18 Wi
decades, it may b pesehls
i FERiTiE heai deeat Oy

oy

‘l."

L ‘Sam call

e Py e
B Dectan L
manth arrisustod Thil

S TR TR T

giopbe iy b sl D) e
mit b rvam ghem oelle

|n. Thia laigis Foiiv el
Iismgen S n mirran,

deanneLiw by Caimeet,

A Frend ssaman. was hom nn

Februany 71 1875 and e

in LFAT o the mpe ol 132

yEars and 184 dagy

;IMH"'IH'I'-II-
e Nkt ighist B

in the workl, m 1] yeary

Sunday Times 06/06/04



Actuaries
2 % 5 & 'Y(Hayflick Limit) o=

HE LB RRE TR i
DR ABRGEDRE TEARS > AL T
o2 FRE o & NI R ﬁsﬁ’fﬁ' ;3‘

a
(Carrel) » Jp3fis L TP R T > = # B 2 5
BRI R ek é34&. °
Rm oo 2 2 5 ,,_1960—& EL fé £I1— @3 ?'%‘;%ﬁ




0 Proposed Simulation L . .
> Motivation > Approach > Study > Applications > Discussions >

Risk is Opportunity.™

Mortality Improvement Continues......

The Logarithm Mortality Rates of Taiwanese People

log(gx) log(qgx)
0 0

----- 1979-1981 Male
——— 1989-1991 Male
----- 1999-2001 Male
—27 1 ———2009-2011 Male

----- 1979-1981 Female [
— 1989-1991 Female
----- 1999-2001 Female
—2 7 —— 2009-2011 Female
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0 Proposed Simulation . . .
> Motivation > Approach > Study > Applications > Discussions >

Mortality Compression?

Ages of Death Probability for Taiwanese Females

25% 50% 75% 90% 95%

19/79-1981 69 /9 86 o1 93
1989-1991 /2 80 87/ 92 94
1999-2001 /4 83 90 95 98
2009-2011 /8 86 92 97 99
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> Motivation > i;%prgzeci > Sinsl}[ﬂ?igon > Applications > Discussions >
Survival Curves of Japanese Females
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0 Proposed Simulation L . . >
> Motivation > Approach > Study > Applications > Discussions

Risk is Opportunity.™

About the Human Longevity

= [ 1fe with a limit! = [ ife without a limit!

p— —— S —
o — —
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> Motivation > g;%;gzec% > Sing;tlg;ion > Applications > Discussions >
Risk is Opportunity.™
Work Supporting “No Limit”

= Oeppen and Vaupel (2002) predicted a life
expectancy of 100 in 2060 1in U.S.

= Wilmoth and Robine (2003) found maximum
recorded life span has been steadily
increasing at least for 140 years in Sweden.

= Robine and Vaupel (2002) reported that a
probability of dying at age 110 of 0.52 based
on the International Database on Longevity.
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> Motivation > ggg;gzec% > Sing;tlg;ion > Applications > Discussions >
Risk is Opportunity.™
Work Supporting “Limit”

= Olshansky et al. (1990) consider that
attaining a figure of 100 1n 2060 1s
implausible.

* Decline in the death rate from the major
cardiovascular diseases.

= The death rate from cancer increased 24%
between 1970 and 2000 (US NCHs, 2004).
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0 Proposed Simulation L . .
> Motivation > Approach > Study > Applications > Discussions >

Risk is Opportunity.™

Rectangularization and Lifespan

= Regarding the theory of lifespan, there are
two opinions: life with or without a limit.

—> The rectangularization is a consensus.

—> Premature deaths (including infants) will
gradually decrease and some postulates that
the distribution of death number will behave
like a normal curve.
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0 Proposed Simulation L . . >
> Motivation > Approach > Study > Applications > Discussions

Risk is Opportunity.™

What is Mortality Compression?
* Mortality Compression 1s (Fries, 1980)

-> Rectangularization of the survival curve

—> A state in which mortality from exogenous
causes 1s eliminated and the remaining
variability in the age at death 1s caused by
genetic factors.

= Mortality compression 1s linked with
morbidity compression.
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Horizontalization, Longevity Extension, Verticalization
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> Motivation y OSSN SN Ny ppications  Discussions >

Measuring Compression

* Wilmoth and Horiuchi (1999) proposed 10
measurements and they recommended the
Interquartile (IQR).

= Kannisto (2000, 2001) calculated percentiles,
IQR, shortest age interval (e.g., C50) on
numbers of deaths from 22 countries.

" Cheung et al. (2005) computed SD(M+) for
Hong Kong data.

» Thatcher et al. (2010) computed SD(M+) for 6
countries from HMD.
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Dastribution of deaths by age. IQR and C50. Sweden, Male. 1861-70 and 1991-95.

~ Age of Death 1s converging!(Sweden Male)
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Mode and Standard Deviations (Kannisto, 2000 )
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Compression of meortality, Female

Age span, years
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Shortest Age Intervals (Kannisto, 2000 )
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Actuaries
3D Measures (Hong Kong data) ™™

" Cheung et al.(2005) proposed 3-D measures,
Hori1zontalization, Verticalization, and
Longevity Extension.

- They applied the idea to complete life tables
in Hong Kong (1976-2001) and found “the
increase 1n human longevity 1s meeting some
resistance.”

Note: The mortality rates of ages 85 to 120
were graduated using logistic curve.
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Actuaries
3 Dimensions of Survival Curve ™
= Cheung et al. (2005) proposed 3-dimension

measurements to describe the survival curve.

—>Horizontalization: how many survivors can live
before aging-related deaths significantly decrease

- Verticalization: how concentrated aging-related
deaths are around the modal age at death

-> Longevity Extension: how far the highest normal
life durations can exceed Mode
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Proportion Surviving to Age x, /(x)

3 Dimensions of Survival Curve (Cheung et al., 2005 )
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0 Proposed Simulation L . .
> Motivation > Approach > Study > Applications > Discussions >

Risk is Opportunity.™

Some Questions

" The calculations rely on values from the life
tables, which are being graduated.

—> The elderly mortality rates (and ex) are
influenced the most.

= Like in the Gompertz model, the estimation

of parameter can be modified.
- Yue (2002) considered 3 estimation

methods for the parameter C, where y, = BC’
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Mortality Rate

Graduated Mortality Rates (Taiwan Male, 1999-2001)
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0 Proposed Simulation L . .
> Motivation > Approach > Study > Applications > Discussions >

Risk is Opportunity.™

Standard Deviation of Number of Deaths (Raw Data)

o — '____,'”1,
- | ——  Japan{Female)
5 e Sweden{Female)
o !
LS (Female)
—
L]
T
=
(_O p—
LD —
_—

1950 1960 1970 1980 1990 2000

Source: Yue (2012)
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o Proposed Simulation L . .
> Motivation > Approach > Study > Applications > Discussions >

Risk is Opportunity.™

Measures of Compression (Kannisto, 2000)

Modal Age, M, or the age with the maximal
number of deaths.

J(x)-fx-1)
[f(x) = fx=D]+[f(x) = f(x+D)]

Standard deviation (o) of the age at death
above the mode, SD(M+).

S M =x+

Z fx)(x—M) [ f(x)x— M)
SD(M+)= |-+ or |

S £ (%) V[
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> Motivation > /E;?gprgi% > Sing;tlg;ion > Applications > Discussions >
Proposed Approaches |
* Three estimation methods: (Yue, 2002)
—>Maximal Likelihood Estimation (MLE), Non-

linear Maximization (NM), and Weighted
Least Squares (WLS).

—>The MLE is expected to produce the most
reliable estimates (smallest mean squared
error), and the WLS 1s easy to use.

- We choose the NM method since it has the
best overall performance.
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> Motivation Sy \ROSeE N, Simalon N,y picaiions Discussions >
Proposed Approaches (Conti.)

" The optimization method 1s model dependent

and two distributions are used to verify the
NM method.
—>Normal distribution (Number of deaths d,)
1 (x-M)*

dx oC e 20
2mTo

- Logistic distribution (Force of Mortality £ )
bx
ae

1+ae™

Hy €
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S S TS TS S
Proposed Approaches (Conti.)

* Numerical optimization of the NM method:
—>Normal distribution,

M +2k

argmm Z W (r eX
o

-> Logistic distribution,

2
M +2k 1_|_be—bl\/l beb(x—M)
. 1/b
arg min W, < ( ——)"" x ——
M.a.b ;; X{ ]+ be?*™) ] +be?M

c\%’f‘v
Q’E‘; SOCIETY OF ACTUARIES
X 510 2



o Proposed Simulation L . . >
> Motivation > Approach > Study > Applications > Discussions

About the Estimation

The parameter estimates are influenced by the
number of observations, or the data range K.
—> The estimation results using M~M+2k and
M—-k~M+kK are similar, we will show only the
results of M~M+2K.

—> The data format is “age-last-birthday” and
the estimation of M shall be modified.
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o Proposed Simulation L . . >
> Motivation > Approach > Study > Applications > Discussions

Risk is Opportunity.™

Evaluating the Proposed Approaches

Computer simulation:

—> The modal age M is 80 and the standard
deviation & 1s 10. Randomly generate 100,000
deaths from normal or logistic distribution.

—> Comparison criteria: Mean Squares Error
(MSE), Loss function (MSE) = Bias? + Variance.
and the probability of confidence interval
covering true parameter (Coverage probability).
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o Proposed Simulation L . .
> Motivation > Approach > Study > Applications > Discussions >

Risk is Opportunity.™

Modal Age of Normal Dist. (M=80)
Bias MSE

ﬂ: e e

T e i

© *+ Real

_ = NM(Integer)
== NM(1st Decimal) Q

N "=+ SD(M+) — NM(Integer)
v 2 7 m == NM(1st Decimal)
2 ° 0 T - SD(H)
— E “‘-,_
m ] e’
T
s o 3

g

R | | | | |
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o Proposed Simulation L . .
> Motivation > Approach > Study > Applications > Discussions >

Risk is Opportunity.™

Standard Deviation of Normal Dist. (c=10)
Bias MSE

10

— NM(Integer)
N - = NM(1st Decimal)
@7 =+ SD(V4)
b ~
5 o - o °71 T
% <+« Regl %
i — NM(Integer) 2
2~ -- NM(istDecimal| |~ o
<=+ SD(M+) Do STTTTTEmosemToToIoTooIomoiosoooomoooooooooeoo momeeas
(D —
< _
I
| | | | | | | | | |
6 8 10 12 14 6 8 10 12 14
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O_Z
o Proposed Simulation L . .
> Motivation > Approach > Study > Applications > Discussions >

Risk is Opportunity.™

Coverage Probability of Normal Dist.

NM
Integer First SD(M+)
Age Decimal
M 951 952 969
o] 956 937 000

Note: M =80 and o =10
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0_2
> Motivation >

Proposed
Approach

Simulation
Study

> Applications > Discussions >

Risk is Opportunity.™

Coverage Probability of Logistic Dist.

NM
Integer First SD(M+)
Age Decimal
M 948 924 .893
c 956 927 .000

Note: a= 80 and b =0.1336837
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Motivation Proposed Simulation Applications Discussions
> > Approach > Study > > Risk is Opportunity.2
Empirical Studies
We check 1f the graduation process would

influence the estimation.
—> Consider the Whittaker graduation

F= ZW (v, —u,)’ +hZ(AZv)

- The age-at- death follows N(80 10 %), with 100,000
deaths for 1,000 simulation runs and h = ave.
sample (W1) & 1,000xave. sample (W2).
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Proposed
Approach

Simulation . . )
> Study > Applications > Discussions >

Risk is Opportunity.™

> Motivation >

M Estimates for Raw and Graduated Data
M NM SD(M+)
K Raw W1 W2 Raw | WI W2
5 | 7998 | 80.07 | 8038 | 79.45 | 7937 | 75.02
6 | 80.01 | 79.87 | 8037 | 7937 | 79.51 | 75.02
7 | 80.00 | 79.98 | 80.50 | 79.43 | 79.46 | 75.02
8 | 7999 | 79.82 | 80.60 | 79.48 | 79.66 | 75.02
9O | 7999 | 80.02 | 80.58 | 79.41 | 79.40 | 75.04
10 | 7999 | 80.01 | 80.57 | 79.37 | 79.35 | 75.04
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> Motivation >

Proposed
Approach

2

Simulation

Study

> Applications > Discussions >

Risk is Opportunity.™

o Estimates for Raw and Graduated Data

o NM SD(M+)

K Raw W1 W2 Raw W1 W2
5 9.99 10.00 | 9.73 5.47 547 | 5.50
6 1000 | 1000 | 970 | 634 | 634 | 639
7 9.99 1000 | 9.67 | 7.10 | 7.09 | 7.19
3 10.00 | 1000 | 967 | 7.71 771 | 7.89
9 10.00 | 10.00 | 9.66 3.31 831 | 8.46
10 | 10.01 | 1001 | 9.66 3.69 369 | 891
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R 3 1 Wil W) Y
Empirical Studies (Conti.) o

Apply the mortality data from the Human
Mortality Database and assume the age-at-death
follows normal or logistic distribution.

- Using NM or SD(M+) estimation;

—>Several countries are considered and the o
estimates are used to evaluate the mortality
compression.

7 OEACY

5 SOCIETY OF ACTUARIES

/949



o Proposed Simulation . . .
> Motivation > Approach > Study > Applications > Discussions >

Risk is Opportunity.™

S - — MNormal. NM
- = Lagistic Mk
Obe Female 5o
(L —
oo
%ﬁn
=T
D —
L]

75

I T T T T I T
1950 1960 1970 1980 1990 2000 2010

Year

Japan Modal estimates for NM

SOCIETY OF ACTUARIES




Age

> Motivation >

Proposed
Approach

2

Simulation

Study

> Applications > Discussions >

Risk is Opportunity.™

The Estimate of o (NM)
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Risk is Opportunity.™
The Estimate of ¢ (SD(M+))
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Actuaries

The Estimate of 6 (WLS; Yue, 2012)
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o Proposed Simulation . . . >
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Risk is Opportunity.™

The Estimate of P97.5, M+1.966 (NM)
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o Proposed Simulation L . . >
> Motivation > Approach > Study > Applications > Discussions

Risk is Opportunity.™

Conclusions and Discussions

The proposed approaches are more reliable
in estimating the modal age M and .

->NM (& WLS) are preferred.

—>Raw data are preferred.

—> The estimation method is model sensitive.
The mortality compression 1s still not clear.

—>Some countries show a decreasing pattern,
but some don’t. However, the probability of
surviving beyond age M+1.96c 1s increasing.
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Conclusions and Discussions (Conti.)

The normal assumption 1s questionable.

—> The estimation methods are influenced by the
distribution assumption.
Using the standard deviation as the measure of
mortality compression 1s questionable.

— Are there alternative measures, such as the
IQR and percentile?
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Actuaries

Risk is Opportunity.™

Normality Test (Permutation Test)

Simulated

Goodness-
x* Value .

of-fit Test

11504 12690 10262 11560 15778 10786 13856 13563

Note: The expected numbers are based on 10,000 stmulation runs.
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Normality Test (Taiwan Female)

Rick is Onnortunitv ™

11093 11378 13046 13570 11771 10116
11085 11321 13176 13576 11859 10197
10682 11062 13111 13757 12140 10744
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o Proposed Simulation L . . >
> Motivation > Approach > Study > Applications > Discussions

Risk is Opportunity.™

Conclusions and Discussions (Conti.)
The probability of surviving to very high age
cannot be 1gnored and if the life expectancy
has a limit 1s still unknown. (Longevity Risk!)
Some possible future study topics:

- Modify the idea of mortality compression and
apply 1t in dealing with longevity risk.
- Apply the extreme value theory.

7 OEACY

5 SOCIETY OF ACTUARIES

/949



Actuaries

Risk is Opportunity.™

v
&
a4
<
-
T
<
e
o
>
T
&
o
N
CRRIES T
)




