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< Abstract >

Longevity risk is a systemic risk in the face of an aging
society. As the rate of improvements in life expectancy is very
uncertain, the adverse impact this may have on pension plans and

annuity providers are potentially huge.

Failure to restructure and mitigate longevity risk may increase
the likelihood that individuals will run out of financial resources,
thereby being forced to lower their living standards when they
reach an old age. Despite increasing awareness and concerns about
the impact of longevity risk, the financial instruments to hedge
against it are currently lacking. Under the circumstances, economic
efficiency would be enhanced dramatically if each economic entity,
according to each one’s own incentive, could trade the longevity

risk in the capital markets.

Longevity bonds can help pension funds and prospective
investors effectively manage and trade longevity risk in the capital
markets. The longevity bonds pay coupons(and sometimes the
principal sum) that are linked to population survivorship. Derivatives
such as longevity swaps have so far been favored, but the issuance

of longevity bonds can attract a much wider investor base.

As for how to implement longevity bonds, the issuer can be
either the government or the private sector. Despite the
controversies over whether the government should be exposed to
more longevity risk by issuing longevity bonds, we strongly believe
that it is necessary for the government to play a limited role as an

issuer for small issues or issues related to super-aging risk.

- X -




When the government issues longevity bonds, the issuer will
bear longevity risk while pension funds and insurers, who are
currently taking on those risks, will become investors. A desirable
scheme would be for the government to issue longevity bonds
with super-long maturities based on the government’s high credit
rating. In such a case, the entire population will be the target
group to calculate the longevity risk, and the amount of payouts
will rise as the survival rate becomes higher than a predetermined
expectation. A typical example of bonds carrying such a structure
is the EIB/BNP longevity bond.

For longevity bonds issued by the private sector, potential
issuers are pension funds and insurance companies that are
currently taking on longevity risk. Under such a scheme, ideal
investors would be sophisticated investors, such as hedge funds,
capable of properly managing longevity risk. For this type of
bond, short-term issues are desirable, taking account of the credit
rating of the issuers. In this case, the target population group for
the longevity risk is narrowed down to a particular sub-group of
population, whose longevity risk is what the issuer intends to
hedge against. The payouts fall as the survival rate increases
above a pre-determined expectation. The 2010 Swiss Re longevity-

trend bond fits these characteristics.

Here, we introduce the fundamental concept as well as actual
cases of longevity bonds. Then, we discuss in more detail how to
launch longevity bonds in Korea. We hope that anyone looking
for policy tools in response to the aging trend will find this paper
helpful.
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— 30 ¥= AFe] FAEAade BMWE J=dF BE3} Deutsche
Bank®] A}3]AIQ1 Abbey Life 7toll o] Fo1 %5
o Aeage] A U4 T8 olfEe AFe SRdn
SHFoR AT Beto] AEHL o, FFHY 54 &

oz A4 DRl ofele Ax A9

<OE 13> DA 4dZH BEE BE AR 72

£billion

2007 2008 2009 2010

M Longevity swaps = Buy-in/Buy-out

Z+&E: Mullins(2011), p.3
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3. MAI2®o &Yl A At
A= dFA1F (annuity market)o] v]-$- k3 =71

e 19243 X E] AH 7|EY FHAF
I TR AP AR 1970d ) whek 23 )

* 1981AFH ZHAATASFAZ WA AV 9dds5A=E
EAgemA AP HxE B4

e 19940 7129 FHFAF(DB) HAolA 47 F(DO)
Aoz o A

pul

g3t 3&43“31 °‘°ttl hwl o]?j_'_g_i AZA A AP &
93 B3 (longevity imbalance) A& 3| E3tA= HA

- AUE BYFARTY HEst FREol, FAd F5AY
ARE AR F Qo] FEAY WY HFR 72

[] A|A-&3)(the World Bank)> H#| oA EIB +39 Faid d3h&

T 2 FAAske st oy B dEstAl= Aéﬂ%

— 2007 A|A>3> BNP Paribas®} Munich Re®} 37 2 oA
o] A S o= oy wyPo=w ojojxA= Xyt

L



o« AFAAY FRE 7EFHOZ 2005 EIB Al FYsHH,
ok w715 HAdigk Ar)stete] 9 Aow 4

T EIB Atg o} miz7bA = dubz 245 A
to] 9] 9 (basis risk)WliE-olete 3 A, Z
AA A AAT FEA ZFoRE A
3l7b #1849 A HKete AAE, 28 T
8] A X3k whr]el 904 o] AP AT o e
— 20093 AA23-2 JP Morgan®} Munich Re9} A &g ol A <]
FrAd EYS o=slon o] JA wydl JeekA] Xt

AP FRE 0073 =09 EYT Ao IHF

X]—(annultancts)fﬂ f& VEHT ASFE g8t B A

AeE Agstlon, o] 9A ARE(fi)7 FTEsHA= X

o OHE FAGEE 2% 559 ABTFA B 43S &8
WAooy, AEAIAE Aol FAA Rk A
Al grolo] AstHER, o] ARFA B 43} FFo|

X B3 Ao 2 FAoky
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<38 W-4> e A 7=

Actual
P longevity index
World Bank B N Reinsurer
Yy Fixed longevity
Actual Fixed
longevity longevity
index o
Bond cashflows Bond cashflows
JP Morgan Custodian
Actual @
longevity index
Actunal
longevity
index
Chilean _
Bond investment life insurance - Policyholders
company
Actual longevity
of policyholders
+ A58 52 E7MISES AT
Z}F:  JP Morgan(A] Q14 Life & Pension Risk, 2010)

4. Swiss Re©] wiaH Atd|

[ 20101 12¢¥, Swiss Re= “longevity trend bond” W3S 7}x1 537k
2] TR FFEAES ATHeE TP
— 71E9 AEPS T A= TFestaoy, MER AF FoE
gH3t7] fste] FeEAdS Ak 5
— Swiss Re= underwriter$} sponsord] #%F& A%
o AA B2 SPVR Kortis Capital S 5 -
o 3T AAo thte] S&PE BB+(sf)5FS HolgH
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A A *FAE](US Centers for Disease Control and Prevention)

X AFshe ARG BAH AEE o &%

[] EIB/BNP AFA1A Atdlete @] #efo] A&t ujAde A4
o s oJHEG Folx B ol VNEFHE= g2 FFEHAFAY 9

¢ CAT(catastrophe) x| A3} #HstS AAAHNE o S3l= © AL
SHAY S ArAdd ddste] HE8 A+

- o] BYE Aok H7k 97 5o AFE Al O ASAE
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1. B4XIS0 e

O @A ARele oA T/ A7t A
— Credit Suisse Longevity Index
- HE ATE geR @ A4S
— LifeMetrics Index
- AR/AAZ, %, ERE, 590 24 AT o
— Deutsche Bérse Xpect Index
o T, dE/AYE, HEg =] A7 uiA
— Goldman Sachs QxX Index
- U W SRATHRE BeR ot @Al AgFA



[] Credit Suisse Longevity Index

— 20059 12¥ Credit Suisse ¥

e A HxZ2 ZF+HAEF olA(longevity risk transfer) FHO=
%%Q 2~ oJ 2 Tq10}l5

= T M= A Z]:‘\J—j—
of post-retirement benefits)E°] ©]-8-3}
AAog WMRH AR FAASEE vEO=ER = A QAT
7|t 5= (life expectancy)®] (T3E A=

9 B AX 9} v A (historical and future value)E 33}
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[] LifeMetrics Index

— JP Morgan< 2007 3% Watson Wyatt¥} Pensio Insitute 5]

AHE-S Hbol LifeMetrics A+E /N
o A9 FAXRF = JP Morgan©] ©Y

o A9 Au|FZ+= LifeMetrics Advisory Committee”} &3

— LifeMetrics A5+ =75 At A Foto il L9 A



* Crude central rate of mortality®)
* Graduated initial mortality rate®)
* Period life expectancy?)
— &7 LifeMetrics A+ S 10 wid I
- BEAE ARE VT, GI/ALZ, VDIE, 5D 204%
B 90A7bA] olFte] i 2AH" FFRAH VE AN

it

(graduated initial rate of mortality)¥]

o 24 ¢](graduation)2 59 AFEE(central rates of mortality)

Feje] ¥ ABAA ko]lz F QFE A|ASY] S8 2FH
5o 24 WHES F&3te s guF

o o] FAS Fa VIE AME AREZRH AA VIS UiR

BT F Ao
- G E H7E BESE Aaw) AFED A7 S
ARE o SPH A3 Aol A A

5)

6)

7)

Qe AT AYE ARA ASHE AREH PHOTA, 53 A3
QAT Az AA $E AR FUAH ATFE WA A

=4 99 A7t 54 AR FF 1930 ARF FEL B A%
24, A7 AYR 28 NZAHY AYAY wF ATFE o] ALE
2o Ao @A A AA ARNE B 5SS FAF s of
Feol 9. HEHA BAZ, BUANE oF 59 2900 o5 By <

i

TRl A5l 9ol 54 Aol AT
He A5E TT 5 U

AAl Aol MBIl AAE AgEel me AdelE WekA) ek
£ b S, FF 2R A1 ol F AHIA 59 a%e) Agelge F
e A BY e A AR Nad W F5Y
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[] Deutsche Borse Xpect Index

— 2008'd 39 Deutsche Borse= =9 Aol thdt vl 7|
2729} A|4(Xpect Index)E &3
o AA R =S METE, do/Ad=27A S

— Xpect A4== Cohort Indices®} Age Indices® i

— Cohort AFe 24dEe} A= Aold <79 4% a7
et I A5E e APgete] Ot
o SAUEE 1920~1939, 1940~1959, 1960~1979, 1980~1999= &

— Age AT 65AFH 04 7ol thE AR, A TR
od 2

flo

Ags &gt FA 7 75}—’,:-?4"%7.4(11ab1hty based 10ngev1ty
risk)& H7FE & A ST ABEPY
sto} 22 w84Fe VIes AT =
— AP EIAS} AFHEE ZAFA
A A5 Be @A (required risk capital)
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0% AEAA HLA0 24D &

[ Goldman Sachs QxX Index
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[ 71Z<17(underlying population)

— FEAS A AFRE AT A2 FI3 AGE ok F

* closed population: 574 AaAg<] dA| 34
* open population: g =7} IFH(e]Fell o3 7HH)

[ A5 (data)
— AF2EA AHEEE AR 3A =E A5 (exposure data) 9t AFE
215 (death data)Z T4
o =22 dEe yo], Al mE Qg Sl den, A
A Ee A@FHa(stock varibale)
« AR d2E AR EE g wE AR Fol sl

I
7121 d &< 71 ) e FFHS(flow varibale) ¥

a

4

[ A4 ®HE(index methodology)
— o AT AEO i -G 1S Bfrstofor g
o 54 AtElellA fzEe] grEo] uighAstAY daskAnt, A
WHE AHle 54 A7 AR AUAA dEHeE HEH

A RS sok I
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[ A5 "W E=(index metrics)

Shato] it afof 9
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A& (crude mortality rates)

G

& (graduated mortality rates)

UOP

ZA A}

o 7|5 7|k (period life exppectancy)

o A EE(survival rates)

9191 3](index calculation agent)©l

i

[

1

— A

%) Abele] A3
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o] %74 (graduation of mortality curves)

2] & (smoothing algorithm): &) cubic spline
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T (life expectancy)
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s AMEERH ZUsES st MR B A5 E

43 ALg)

o

— A E&(survival rates)
s AMLERRE AEES AEse U
— AR
o AAHGAY WMAAY EA7F = AEE AYS - 7F
I A e] mpEEofof 3
Coled T ARe A5 wel dwel FHshor s,

o

s A2 dde FAVE e HolHE A dE sl 2

A% TPl BAAE AP $9S BASHE Ao T2
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A3l longevity bondsE LBsZ A2 AAFE], 237
o, #4E SAAEAH, W], AEAF, A&AF, oA AFHA Sl

Y Ry

wet e Jelvk ks

—7E 2R AFE AFAASAE AEAA ZEAR
(classical LBs), Y¥+#2l #4=] W (standard LBs), YF A4

2l
(priancipal-at-risk LBs), A2 & Ell(zero-coupon LBs), 97
A A (inverse LBs) 5°] &4
— CLOs(Collateralized Longevity Obligations)«= & Fa|dS
Agtete] SAST FEFS AAS, ol ERoNA= Al
* EfA(tranche) TXo|BE, 24710 E-A|= APl st
A H

a-
o e $9EL 2

* o]= CDOs(collateralized debt obligations)®} frAFSH o],
4 CDO(synthetic CDOs)oll 4-8-3H= FAHCLOE &-871s¢
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[] Chen, Zhang and Zhao(2010)2 AFXZ A4 WS X
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o 7|2 A9 =2 Ornstein- Uhlenbeck(OU) &4 714354, o
& Al 714 FEARE 7

» o5& 77} Vasicek(VAS), mean-reverting with jumps(MR]),
Ornstein-Uhlenbeck with jumps(OUJ)= -

— L ASE B4 BYe U2 mEE Hs) gade] 9ol
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ul7) 2y VAS MR] ou ouJ
RN B A B B
@) Y A B A A
S B C B C
RN B A B B
A7) W A B A A
S B C B C
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1) RN($1 @5 ¥), W(Wang H3}), SAEZ %)
2) A(better), B(good), C(worse)

8: Chen, Zhang and Zhao(2010) Table 1 =
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Senior
Principal (FV) +
alo|e Premium Leg(?
e Wi bk remium Leg(FL) Mezzanine
ML 5PV
benefit Principal(FV)+ Equity
Loss LegiLL)
Alixt)
CERE

F @ Al(annuity income), x(age), t(year)
Z}&: Wills and Sherris(2010) Figure 1
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