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Countries 2009 2010 2011 ‘ 2012 2013

Korea 37,779,083 46,386,464 55,080,899 68,134,772 86,072,668
China 253,300 280,900 357,000 482,100 603,500
Hong Kong, China 522,448 606,941 617,087 700,104 797,614
Japan 125,736,100 | 122,079,000 | 118,590,300 | 125,252,700 | 140,178,600
United States 10,094,878 11,164,773 11,143,894 12,069,197 13,941,616
United Kingdom 1,124,262 1,289,071 1,444,019 1,603,292 1,625,058
France 3,000 4,000 5,000 6,700 8,600
Germany (2) 126,361 134,846 149,094 167,585 170,744
Australia 1,040,770 1,162,314 1,304,524 1,357,550 1,573,128

Table 1. 2009~2013 A= 7t Az & SXH(CHR[: 7HE I 7t ot B 2h. (EX: OECD)

5-year average annual return 5-year average annual return
Country Nominal Real Country Nominal Real
Korea . . Mexico
Japan . . Chile

United States . . Israel

Germany . . Iceland
Netherlands . . Belgium
Australia (3) . . Denmark
Canada . . Estonia

Table 2. OECD =7t2| H= U M E £ 50| 5 7|SHH A (THRI: %). (EX: OECD)

O HoM= m 57528 SH7| EH+E (2013) EAME H 1510 Z2UAF2| 2 &0
CHs == O XtMS| 2 Fote 0 otCh 2 AF 2 282 ol A XpAL2 Bl (Strategic Asset Allocation

(o]
9]
SAA) o A=A KpAHREBY (Tactical Asset Allocation: TAA) & =850 2

Gotht= AS &€ 5 UL 071N,
HEH X2 H (SAAE 7| 20| &= 3-Z718 e ApatZ a2t ook, MeX X2 (TAA) = S22
AE7tet 87t A0 S22 HIRE A[Ze B Y =9 & 7[2/E H3HYU ZES2| 2 22| (Active
Portfolio Management)2 &= A& KoLt A, T2A XpAL2HY (SAA)E 27850 25 Wt
88 Yol s S 2E =0, mldae 32 YN 2 Yoz Bu-24 XN Y
(Mean-Variance Optimization Model: MVO 2 20| ALE&| 11 QUCH J, A4H Mot HEAZl 28X
E X (Efficient Frontier) 73S+, 43l (Corner Solution)s O| LIEfLE=X[ 0] CHS] A2 CH= A2

ofOjgtet. M2 Rik2 el (TAAE fIShME R0l H=H =24 E (Active Return' )t =5 2|2

1H3% 282 SH SHY JY4 S HK|0I27} 5l TES2| 20| 7|j4 080 K2 Yolen M 3N He ¥I ™
SRS HBORM Y7L 7} 2I8 S Foit



(Active Risk)S & OtL| 1  EH| & (Information Ratio: IR? )= 242 Sl 0| S| 24 7| &= 24t
OiH| =9 &0| =2 4@ ZEEZ2| Q0| HYA7|= T2 Fotct. = UAF | R IR 9| Hhe

1.3 Past Research
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=AGA MOl 7tH ZY Y O 2 = Esscher Principle 5! Wang Principle, 12| 11 Esscher
Transform 1f Wang Transform 50| AT E| =0 2 AHQl o2 EF PASZEE MEAHAF=

=
A S0/2kD 0f8fT 4 UCk Z3 O 0|2 YOl HYORE BHIHA

=] Pricing Kernel =

J

r=
M
=2
1}
rok

D EZst= LA Sl Z0|CE 02 Pricing Axiom 1t Pricing Principle Off CH®F 271 = Goovaerts 2t Laeven
(2008)0fl &S| & "a2[Z0f L0, Wang (2003)2 S73 MM = SH0| A Esscher Transform 2F Wang
Transform O Biihlman 2| ZN 222 H Z&E = UCh= WS E0|0{, Wang (2002)2} Kijima (2006)=
Wang Transform 1t Esscher Transform 2 2 CAPM 3 Black-Scholes 3412 Z&8i'd = ULCt= A2

S YLt

oz
28EHE2 IR= %EA‘I E2{Z 2F (Tracking Error)0f| CHot M =& = EQ| EMEEE LIEFHTE

2l
7}70| 377t 1t 40 Al payoff 7t Z& SX| ZEE2|2 (Replicating Portfolio) & Tl F2/& =2
(Arbitrage)E H¥E 5= A= A|ZO|C
4 First Fundamental Theorem of Asset Pricing 2| Z21}0|C},

5 Second Fundamental Theorem of Asset Pricing 2| Z21}0| C}.



MEO|XI=20f CHet AR 2= SH A Ql Y O 2 Nelson 1 Siegel (1987) X 0| 2 2 BESIA| 7] Svensson
(1994) 20| da| o] &1, EH7[F2|2] AT0= Ito 2HH S 0| 2% #H 2 Y 2l Vasicek (1977), Cox,
Ingersoll It Ross 2| (1985) 2 & 1 202l OLtQl 7|7t E 2N, 0| F YLt} A[ZI CtR QI
ORI 7| 2t 22 A, Heath, Jarrow L2 1 Morton (1990), (1991), (1992) 2, A|H 2 A (Market Models) &
HE A0 (Volatility Smile) 62 H=A| 7] 7|?_+:rl-755§%0| WO| AT E MEHCE O] /0 = O| LI

(Binomial Tree)S O| 3%} Black-Derman-Toy (1990) 28 S0| QUCt $+=2| AL CtR QI CIR 2HO|

FRHOXEE H dsEe A7 200 Ue 44, |12 0]+, 2001). SHA|

o] FE| 2o 4 AN HEME A F2|ZM S & ¢PSHX| Zoth= EHEOl A=, F2(2t2
MEFE OF0M o2t ZHE S 2 2HFo|2tn & 4= JUCH [etM, & =2 28X ZHEH =T EN
2| AHE £| 11 Q&= Dynamic Stochastic General Equilibrium (DSGE) 22 O|&¢fl & 7| M=ZFE|E

O £t X} SFCH (Appendix & ZX). (DSGE) 2™ 2 HA|EHE 24 [
St 23 0| A| = NEW BOK DSGE (Hi &=, 2014)S L HSIRACH £
HAEH 24 S 28 DSGE 2 VAR, 12| 1 DSGE-VAR S0| AF2 £| 11 Q| C} (Liu and Theodoridis, 2012).

a1 x
tEsk s

ledzteof oigt A= G5k TR UXT O] =Xt T QI MOl Bo| &2 1 ULt
Ago npdd Yot =7t Ao AHSEL ASE = o2t IddES 2 A
=

S| .
= [
Zd0|gts AA+t= B0l X Karoui (2013)K & ¢ 2
U= AMLE FAH3to| Xto] I HEO| HIIfACZ

A
e
FM2| xto] Soi et D= =LHel HFOA XHotE =

i
LQ

2oig = A= F571e 3
BMRACH S ZEZ (29| flH&2[0) tigt A Delta Hedging S0 7|=0| &1 RAC} LEoh, 9|

D LIHEZ {3t Value-at-Risk, ARIMA 5! ARCH 2| CtYot Hdd B 52 0|88 24, Copula T2

o

Multifractal |83t ZTEER|Q B Gl 50| M 5 CHYSH 01—_|-L7|' T El QC} (Calvet and
Fisher, 2008) . EEB}, Kuroda 2F Matsuyama (2009)0| A CHE| X | = AN EH HF Q| O R A0 Oist M=
Tail Value at Risk (T-VaR), Conditional Value at Risk (C-VaR), 7|CH O| & ¢|& S22 = 2|+ Conditional Tail
Expectation (CTE) & Wang Transform 1t Z'2 Expectation Principle & S&%t Z 2 & 7| 30| 2|AI& &[0

UL



1.4 Research Method

AT LE2 A 4EHAZ LI 2 AOICE 2 B0 M= 2 2bFAIZ oM 2| /& 7HE S Wang Transform 2t
Esscher Transform 2| O| 25 Hij & & 0|55 0| &30 'gst= R0 Chs 2ot 3 ZoM= Ag &

T 223 ot

\J
-

LRsh AYES FHE Holth SAIP | ZA7|E0I

g o Y7t e 2 S

DEYn e 222 712X A Z Appendix Off ZRHAIZACE 02|30 0|5 ECHZ, !H | AE7HA
MEO ot H-SS FHY AOICL4ZOME HH AIFOIM ZHOHE TS ZFS ELHZ 7H 9
oYY ES 750t 3 e 20E 0|88 ST/t S HEY AOICL 5 UM E 4 ZOM F570
oYY ES 0|8t g AXZ7F 2BMH QAKX E HAEY A0|Ch AF1 THE & E2| VaR 2 Appendix O
HMAISHRALE Ol 2 Sofl, Thd & F0| Azol flgd | +EH2 =M SotLf HZSHX|of CHs) 20t = 20|t

2. Pricing Derivative Securities in an Incomplete Market

AZo| @[&2 0|2l AtYEO| 20| =[O U7| 20 A 2| Y E2 Actuarial method 2 Pricing
Principle’0f| CHF O3 7t E =% O|C}, O] HOo| M= SATAIYOM ERE 52 FEYE AM7HX| 7}
Of E A LH=5|0fOF St=X[0f| Chot ZHEFSE A71Qt S 2bE ANl nhd 4 F 71 AT | g ael

A

0| 2 &2 QY+ Esscher Transform ¥ Wang Transform = & g Z40| C}.

2.1. The Esscher Transform

{X:}200l Lévy 20| 1 X, O SERZETL £, 2t 10 & [} risk aversion parameter, h € R, 2t ZH E 4ot

hx . _ . "
M, = E[exp{zX J]0ll T3} f* = ——f, . & &H& B2 71X = SEIY xp7t EMBCHEZX). WatA,
ht

Eh[Xt] = E[X, - exp{hX,}]/E[exp{hX}]

0|11, Esscher Principle Off 2|3 E*[X,]0] X, 2| # &7t Z0|2t= A S Y +=QUCt Of If, & X, » XI'E the
Esscher Transform O| 2} $ICH FIHHO 2 QAMA|HOA Q| BT EHUAEZEE = Y2 CHS1 ZCt
X, = Lévy 218 0| 7| U2 0 & (marginal distribution)0| X, £ A™ &1, M, :

OFSEIER 2, My = (le-h) O|Ct.r> 00| /& O|AtE & M, e" = M(1,1,h)E TUFA
&0 O] & hr2kd SHEL (Gerber and Siu, 1994). Bt S8 &E2| 7tA 5,7t S, = Spexp (X,

s o, Ctsnt 22 80|22 205 g8 = U

E[e™TSF'| = E[e™"T Sgexp(X!)]
eTS,M(1,1, h*)

=SO

6 (Appendix 1) & &



Z s, 0f st Iz EIE S P2 AO|Ct matM, 4 X, » XP & $/- 5 & Esscher Transform 0|2t 11
™ A2 e "TEM [g(Sr)] Y AO|LCEH

SICE M2t THE A Fo| =AU E X
Esshcer Transform = QSEC= A O Esscher Transform 2| &7 O| Ct,
B8Pt u(y) =4 (1-e™™)2 of #AY7HX| = CHS Tt Z Tk (Wang, 2003).

P= llnE[ehPV(Cash Flow)]

oM EH RHE YTt EXE 222 SHCE SHA| 2, log normal

OpX|2F2 2| Esscher Principle 2 & 2|
distribution 22 42 ZHE 4 gt Z HO|E|0f JX| UCH= SHEO| Q11,0 B Ao =E AJig
& 2 912 Z{o|C},

Wang Transform 2 O|8& = US

2.2. The Wang Transform

QM 2F Z0] {X,}1500l Levy 2H0| 1 X, 2| E&

7t40|s, = Spexp (X,) ¥ M, Wang Transform 2 ChZ1f ZHCt
F"X) =o(e7Y(F(X))—4), 1€R
H7IMe(x)E BEEHAEE &40|1 o 1(x)E 90| 0| E S0 F7tN(u, 02)9
FHYFEE, ¢ (L) 2i0|0h 02| D ¢ (00| BEFTFEE Y Of, Wang Transform S X &3t
StEREE LS 22 Ao}

fx,tW(Xt) = fre(X¢) ¢ ((D_I(F(Xt)) - /1)
)

ol M, £, ." (X,)&= Wang Principle 2| 7Fg 2 HFA|7| B2,
v g e 2@ ) )
» (@71 (F(X,))

= X, 2| @& 7tH0| EIC} MF2fA, S, & underlying asset 2 2 7}X| = IHE & & 2| T'H = 9| payoff 7 g(S,) 2tH

A E o] S| 7Kl £
EW[e"g(S)] = e TTE [g(S, exp(X,))]
g [0 00 - @ (07 (F(gSo exp(Xe))) — 2)

S o)

|:|

7h 2 zolct.



3. Modelling Inputs
o HoM= M E

2o e 230l /s AO|CE

M2 2l 7 7|2 0| E|= Lee-Carter

Ao

3.1. Mortality Modelling
2o oot A F T E AKX 2 2 A2
O|C}. Lee-Carter 22 CHS 1 20| &

log e = B + pPkD

Crefet AIYE =i
= L

ro

= A8 A

(1992) 2H

2 Identifiability 2M| S 7}X|

SIX|TF 9|9 22 B
St7| =2 0| CF.

O 7| M pye= AFE (Force of Mortality)= LIEFHHCH

0 A% a,b e R*Of CHH log = E

log e = A7 + Pk
3O = gD 4 0@

P
where ﬂ(z) ﬁiz)/b
k? =b(k® —a)

FZat 22 #310| 7ts

UALE. OIE =8, Folof &

nlo

& p00] 2olo] A xOfl THBHM log e, ] HaS LIEHAD pP logp, 0l AHH R ojm 7

x
o A
= 2 = A

Ol &

Hotot=X| & LIEHHCHE A

3.2. Input Estimation Procedures and Results
ot HoM= MTE A5 THALE S0 =t Aot
CHo A Mot HX Lee-Carter 2H S FH 17| 8l LetH

PEot2 2 x M2 AFRO| o0 = MTES my 2t 3
)El) - 4’(5;52)]%(2): 02)

o=z Qxf(disturbance)7|' nexE

[=Ectn 7
My = 108 ey —

0|1 W2z M ofajet Zo| EHEICH

e = —log (1 — )2 HOIEICE £ A0 A= 2 Mof SO|3H A Y

7 A2 A0 [ YE M 7} e ZOf AbYE B
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2001 2002 2003
@

age 45 /Mys2001 Masz2002  M45,2003 45
m = age 46 | Mae2001 M46,2002 46,2003 ‘E?
age 47 My72001 Ma72002 Ma7,2003 )
47
(2) () (2)
k2001 k3002 k3003

MRS pVE B BROZ FHSHH, AN AN pP 1 kD0l 21Kt 20| Y m o SO/

= 0ff (Singular Value Decomposition)

i
o
N
=
S

ZCHe 248 ZEYUCH m = BYU'7F S0I3t 2312 Zatatd
B2 £ g2 B o M WM Fo|n kP ol F F2p@pwolLt,

FEE flsl SAE 2l 2001 HFE 2013 HIHX[2] ZM B HEE ALESHACH SHX|2F 2004 H O
ZHM S E B 252 B 2 Constant Force of Mortality & 7H3 540 2.2t (Interpolation) St Tt =78 Z 1},
20| B2 R? 2t 2 88.4%, E1R =& -5192.75, 01°42| &

A2 R*2 88.4% 21 == -4978.25 12|10

A QPO 2 R22 943% 2R EE -5098.12 ATk 22| 1 FHERD, P 9l k0| 27 ZH2 Table 3,
Table 4 % Figure 3 2 ZF Q%L
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kt(Z) 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 2010

Male 25.17 | 20.52 | 1691 | 12.05 | 692 | 244 | -0.54 | -4.26 | -10.34 | -11.70
Female | 23.14 | 19.96 | 17.53 | 12.53 | 7.11 | 5.11 | 0.78 | -5.16 | -11.71
Total 24.40 | 20.84 | 17.58 | 12.57 | 7.25 | 4.15 | 0.31 | -5.37 | -11.60

Table 3. Lee-Carter 2| k=8 Z}

2011 2012 2013

-15.23 -17.32 -24.45
-13.45 -16.43 -16.94 -22.48
-13.27 -16.08 -17.37 -23.34




(1)

()

()

Age Male [)’,El) Male [)’,EZ) ‘ Female £, Female B, Total ,8,51) Total S,

45 -5.73497 0.012158 -6.70478 0.006772 -6.09713 0.01054
46 -5.6393 0.012287 -6.63104 0.007198 -6.0077 0.010714
47 -5.55131 0.011853 -6.55885 0.007681 -5.92562 0.010561
48 -5.46133 0.01164 -6.485 0.008513 -5.84063 0.010615
49 -5.37647 0.011265 -6.41717 0.00864 -5.76126 0.010366
50 -5.2916 0.011224 -6.33924 0.009353 -5.67953 0.010554
51 -5.21101 0.011167 -6.26714 0.009617 -5.60271 0.010579
52 -5.13635 0.010779 -6.19985 0.009753 -5.53061 0.010392
53 -5.06545 0.010314 -6.13607 0.009723 -5.46299 0.01006
54 -4.99863 0.009865 -6.07019 0.010185 -5.39707 0.00984
55 -4.92618 0.009964 -5.99725 0.011058 -5.32527 0.010141
56 -4.84827 0.010624 -5.91489 0.012182 -5.24788 0.010879
57 -4.76891 0.0113 -5.83208 0.012928 -5.16991 0.011462
96 -1.29233 0.00212 -1.44573 0.004035 -1.41683 0.004032
97 -1.23997 0.001926 -1.38094 0.003455 -1.35417 0.003613
98 -1.19076 0.001755 -1.32032 0.002886 -1.29479 0.003193
99 -1.14468 0.001606 -1.26386 0.002329 -1.23869 0.002772
100 0 0 0 0 0 0

Table 4. Lee-Carter 0| gV, g2 252}

3.3. Estimation Procedures and Results for Pricing Models in an Incomplete Market

2 oAM= 22 A T oM THE A E 71H 2 F5H5H7| 26 AM AHE E| = Esscher Transform 1F Wang
Transform 2| O 7H #H 5=0| H7J &t AtE CHEC}

3.3.1. Estimation Procedures for the Risk Aversion Coefficients in the Esscher Transform

t=0 &M xM7t SAIES7IE Al FE2 5= F2 Chai 2

rlo

t
| | (-t te2,3.)
k=0
O7|M a,= i E AEE|[= E-ALS| S A|O|ZO0|C}. Esscher Transform Off 2|3t SA|HFZ 2| HX|7HK| P =

o) t
P = Z e "tEM [O‘t 1_[ 1- Qx+k,k.)]
=1 k=0

7 Ml ) plh 7 o1 =g
t=1 E[exp{he_rtat Hi:o(l - Qx+k,k)}]

287t uy) = %(1 —e"™)Et= 7P S ol FAISE2| A 7HK| = ChZat 2Lt
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P= %lnE [ehz‘;‘;l ety H;ﬂ:o(l-quk)]

MetM, AL ELYCZEH P2 AMUE AZHO|MIDSGE R ERE A2 FHFEL

Al E20| M E 0| &3}0 Risk aversion coefficient, h, & =& 4= ULt

ANEE ZAHE 2t SAAS 7ML AE A2 0 AL H| 4~8% S Xt et

I

[ % o =
| DI Of AL, [MhEtM, 2HAY L ABE A 52| 52 Shh =

~

=13
|:

3.3.2. Estimation Procedures for the Market Price of Risk in the Wang Transform

Esscher Transform 2| =E 0| AMQt Z0[,t =0 & I, x M7} SAIHZ 7Y Al HF 2 HIFSE=2 LSt
Zot
t
| | (-t te2,3.)
k=0
metA, SAIHZ Q| A 7HK| p& CHE 1 20

o) t
P = Z EW [e_rtat 1_[ a- qx+k,k)]
=1 k=0

= Z“’ E et [Thzo(1 = Qsicse) - P (d)_l (F(e_rtat [Tk=o(1 — qx‘rkjk))) + A)
t=1 o) (q‘)—l (F(e—rtat H;tczo(l - Qx+k,k)))>

22| 342 0| 835104, A| 20| M2 Sl & 2|2 A|YIHAZ Calibrate & = UCH 2.1.2 2F
SUSHA FAHF 2 0|85+ parameter 15 FHSIRA =0, FEZE1 1 = 0.132825%RA L. O| X Wang
Transform 2} Esscher Transform = O| £3| &Il a&E0| 7142 ZYS| 2 2{ Lot}

4. Designing and Pricing Death-linked Derivative Securities

= HoME AIEOAM dXZ2 HO|E SwissRe Vin T A H Ot HEE A5 2 SHS HIO5HY 7t Q|
MM M S ZE3}F AF| 22 Esscher Transform IF Wang Transform & O| 8310 S8 7t4 2 AES| 2 ULt
4.1. Death linked Bond
AR HSZM AHOM 4SS HE SwissRe VITAII 2EES &10510] CHEaF 242 J7Hato] xS

T 2 UL} (Table 5). H A A # = Bond 1, Bond 2, Bond 3 & 3 7H2| Tranche £ 7tX| 11

Hu
4
Ar O
o

Z} Tranche & 27| X # & F, Trigger Level, Exhaustion Level, 12|11 HEHZ 2| (Coupon rate)2
gg

11



Initial Principal KRW 100 billion KRW 100 billion KRW 100 billion
Trigger Level 120% 115% 110%
Exhaustion Level 125% 120% 115%
Coupon (bps) 4% 4% 4%
Price (Esscher) 0.487314448 1.002840502 1.215666917
Price (Wang) 0.472857365 0.997860059 1.214429614

Table 5. Tranche & & {HO| = U FHE SHIH4A.

Tl =0, =7 M3 A F (Principal)2 25 HZ 1000 YRA0|2t1D 7HIMCH R H 2 =F= Z Tranche H

HEE = Of2fiof AAl= 4

QX,t
Q64,2014
Exchaustion; — Trigger;

— Exhaustion;, 0) i€{1,2,3}
,t € {2015,20186, ...,2034}
x=64—-20144+t¢

max( et _ Trigger;, 0) - max(
Q64,2014

i
loss¢ =

o tit2t =X X2 =Tt lossiE Trigger Level 1F Exhaustion Level Off 2|8 2™ E| =0 x A2 tH = AFLEO|

4011, Bt 7} Trigger Level 2CF 2 [ lossi7} MBSO 2 B E| =™ X2 5| 7| A|ZSHH Exhaustion

64,2014

level 25 HE 200 2= MEUAS2 A& 0| Z|O|H2ICH WatM, St =2 = XSS LHEsHH

Bond 1, Bond 2, Bond 3 #=0|C}. & A= EHF 2|7t 4%t 7HI}CH O|Xt= 0 A K| ZE|H EHO|Xt+E

(Coupon rate) 1t FH X ZE XY HFFE Sh= YA =2 AFEICH

0| AL, Tranche & It AEO| 7142 Table 5 2F 20| AZEE|UCH Bond 1 2| A2 Esscher Transform 2}
Wang Transform S 2 AL S O] 3 7420] Z+2t 487.31 A9l 12|10 472,29 HR0|¥Y D, Bond 2 7}

o
=
1002.84 242 51 997.86 A, 12|11 Bond 3 0] 1215.67 A, 1214.43 A 0| AL}
4.2. Death-linked Swaption

CEoh @ at2(of A RERS A
ABBAGEZ O 52 42 24M S THEQUCH (Table 6). A H 1t H|Z25HH A M2 Swaption 1, Swaption

=, Trigger Level,

\_l\)
w2
g
=
z
=
W
Oft
(98]
=
1o
ﬁ
=
=]
o
=
(¢}
mju
N
Pal
kl
b4e)
n
&
N o~
oA
Of
4]
aml
N
ﬁ
=
=]
o
=
(¢}
rir
TR,
N
>t
rH
o

Exhaustion Level, 12|10 EHF 2| (Coupon rate)2 = T+&0| E| =G|, &7| X H 2 F (Principal)2 Zf Class

HE 620 2R, 2000 A, 1000 HRA0[2tD 7HHSHF D, X HRAZF2 Z Tranche ! A HE

max(px,t — Exhaustion,;, O) i €{B,C,D}
Trigger; — Exchaustion; '’ t € {2015,2016, ...,2034}

payoff} =
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o L2} & XHZH 2L}, lossie Trigger Level 1 Exhaustion Level Off 2|8 ZE Z| =0 xM 2l tHE HEEO|
Dyt Ol L, p, 7t Trigger Level 2Lt 2 M loss! 7t M HJF 22 FE =X X2 k[ 7| A|ZSHH Exhaustion
level 13 HE 20 Z= M d=2 XH40| =[O{H EICH [MELM, 2|t =22 XU SS LIESHH

Swaption. 1 Swaption.2 Swaption. 3

Notional Amount KRW 100 billion KRW 100 billion KRW 100 billion

Exhaustion Level 80% 85% 90%

Price (Esshcer) 1.756699152 0.634951778 0.211464549

Price (Wang) 1.724292493 0.622118307 0.207149574
Table 6. Swaption 2| &t FHE 3H7H4.

Swaption 1, Swaption 2, Swaption 3 £=O|Ct. Esscher Transform 2 &l 7+ 578 7F24 2 Swaption 1, Swaption 2,

St A2 742

ofo

ZZ|
Swaption 3 O] Z+Z} 1756.70 A, 634.95 A&, 211.45 ARO[ A 11 Wang Transform = O]
242k 1724.29 A2, 622.12 Y E, 207.15 F 0| ALt

5. Annuity and Pension Plan Risk Management
ot M= A= B 2L EHE Yo et 2 31 Monte Carlo Simulation = 0|89t
Hedge 23+, 2|20 oz FHof ot 2F0| AS AO0|L}.

5.1. Risk Management Method
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f. Appendix Ol M= @& ELHE HEHo= | AA8E|=
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Value-at-Risk Of| CH
5.1.1. Delta Hedging

Delta Hedging 2| =&

S MESLEZZ|QE FAEQEMN 7| XA (Underlying Asset)2| 7HK| H 310
2 ZTEZD| Q0| J}X|HSIE %43} A

d AMYEO| g, = BD + Bk, + 0Z,,
Z = BT ERt22302te 2ENES M2 p, =1 —q, S 7| =AU 2 JHX| = T & 50| ¢, 0|,
=

AF0| t A= 0] X|F810F & FUO0| Nap, ™, Delta-hedged =

ﬂ

Z2|2 v e 7t = L1t 2t

V = Nap, + AC,
dV = Nadp, + AdC,

13



192C,

ac
dp,)? + —Ldt
zatz(pt) 4T )

4]
= Nadp, + A(ap dp; +

A(azazct+ac>dt+<N +AaCt>d
= J— a —
Zapt ot op: Pe
Qi L5,
pe=1-q,=1-pY - Pk, -0z,
- dp, = —pP —dt — 0dZ,
- (dpy)? = g?dt
[ 2 0|C} [C THMAMZ ~ 24 __Nae g3 corsicbm _ A (c2o%C | act =
0|7| Wh2olch et Y Y E (84 = — 503 TYUNCIE, av A(”tz ) de. 5
EEZ2Ro7IAHSu YEE2| AN QI 2A 7t & =l= AO|CE

AT0A = oM At Serd 28T A2 0|¥E

Hedged Portfolio with Bond
i€{1,2,3}

Unhedged

Bond. 1 Bond. 2 ‘ Bond. 3 Pension
2015 (Esscher) -4.4038% -4.5999% -4.8572% -4.0641%
2016 -4.4911% -4.6401% -4.7303% -4.2141%
2017 -5.0050% -5.1095% -5.0345% -4.7848%
2018 -5.3968% -5.4592% -5.2263% -5.2262%
2015 (Wang) -4.4496% -4.6537% -4.9167% -4.1036%
2016 -4.5386% -4.6940% -4.7913% -4.2557%
2017 -5.0585% -5.1680% -5.1016% -4.8328%
2018 -5.4550% -5.5212% -5.2870% -5.2795%
Table 7. 2t §+H A S 0|83 LEFSX| U SIXSIX| 2 HFo| 714 #ig

Hedged Portfolio with Swaption
i€{1,23}
Swaption. 1 ‘ Swaption. 2 Pension
2015 (Esscher) -3.2639% -3.3248% -3.3947% -4.0641%
2016 -3.3793% -3.4439% -3.5182% -4.2141%
2017 -3.9179% -3.9858% -4.0640% -4.7848%
2018 -4.3254% -4.3968% -4.4795% -5.2262%
2015 (Wang) -3.2902% -3.3544% -3.4223% -4.1036%
2016 -3.4053% -3.4731% -3.5455% -4.2557%
2017 -3.9477% -4.0188% -4.0954% -4.8328%
2018 -4.3579% -4.4324% -4.5140% -5.2795%
Table 8. 2t &4AtM S 0 B¢ HEISIX| 3L 9X81X| 42 AZ 0| 7h7 Big

Unhedged

Swaption. 3
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5.2. Implications for Risk Management Practices
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Korea: female death rates (2014-2100)
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<Appendices>

Al. Pricing Axioms and Pricing Principles

Pricing Principle SAHNE BEHME S22 I VMK E 712 = UL E 2tF= LY E0|2tD
o

= & A1 0|52 &2 Pricing Axiom 52 ZHFA|ZICE MHEtA, TFZA|F| DX} 8= Pricing Axiom Of O H
ZAQIX|0f| 2k A AFESF 1K} SH= Pricing Principle O HHY 01O g Zi0|Ct. Zt2fot AT4E 2|5l 22|
A

-8 &| = Pricing Axiom =2 H7tA| LIESIAMH CHE 1 20t X, Y, Z€ Y7t S4ES7H(Q,F,P)2|
2tE #H 0|10 H7} 2| 9| Pricing Principle O| 2FH

Al. Risk loading: H[X] = E[X]

A2. Subadditivity: H[X + Y] < H[X] + H[Y]

A3. Scaling invariance: H[bX] = bH[X], b € Ry,
A4. No unjustified risk loading: H[b] = b

AS. Preserves stop-loss ordering: 2-=b € Ry, 0l CHSH E[X — b], < E[Y — b], &, H[X] < H[Y]

2|2 E2| AHE E|-= Pricing Principle 2 R 74X| LIESHALH CHZ 0 ZHC

PI1. Expectation Principle: H[X] = E[X] + aE[R]

P2. Variance Principle: H[X] = E[R] + aVAR[R]

P3. Standard Deviation Principle: H[X] = E[R] + a+/VAR[R]

P4. Proportional Hazards Principle:F (t) = P{w € Q| P(w) > t} & [,

H[X] = [, [F(©)]°dt, 0 <c < 1.
P5. Esscher Principle: E[X - exp{aX}]/E[exp{aX}].
Pé. Wang Principle: g: [0,1] = [0,1]7} & 7t5t= &S (concave) &=
= [ g[F(D)]de. O] I, &%= g= distortion 0|2t 22| 1

probability 2t 11 = 2ICH,

2

>

g[F (t)]= distorted (tail)

A2. Interest Rate Modelling

St AT A Y S &7 F2| Z¥O| BtEA| Haot H7J0[C} =287 EaEE
0| % 3}7| 2/3H Dynamic Stochastic General Equilibrium (DSGE) 2@ 2 AIE ULt DSGE 22 HA|EHME

e 1x

S AFESHE RHEQ V2N, RE DY (Partial Equilibrium) 2™ 0] 7kX| = THE 2 E b5
o (General Equilibrium) 23 © 2 Real Business Cylic (RBC) Theory =2 New-Keynesian =
a

ULt Lucas (1976)= F= 0¥ BH ZH0| M =4S ot=0 HLoHA| pCta FHSIA =0

o nl ne Mo
i)

AN =
Bot7t e M FEndRd2 A FE S A5LH HatE MAH 2= 1245HX| Zo17|

20|
142 0|Ck. 10 B, DSGE ZHL DIAIZH HAIZHE HIAYOZM OIAIH S HEUAQ)
HBHIER| = T2 $ICh DSGE & B WA AR M ET2A Q2| AFSE T o0 SR 2 HOIH = NEw

10 Wang Principle 2| £ 70| 20|},
17



BOK DSGE (Hi H =, 2014)E L HSI L o, 82| AT E HIOSIH HA|ZHMEM S 951 DSGE 2t VAR,

2|1 DSGE-VAR S0| AF2E| 1 RULC} (Liu and Theodoridis, 2012).

A2.1. Dynamic Stochastic General Equilibrium Model

i)

2 7= 7|80 F2|o o F S fIsHME HAIZBHO| 7|28 & ZY 2 0| 85I00F oIl A=
Aot Q0 O] s X 2| Ar2 &0 Q= DSGE 28 & Lubik (2007)=2 &13810] Z7|& 0l 22|

o
£ 2 SIRALE. Lubik (2007)2] DSGE 282 L2t 22 1 Al 2 (First Order Condition) 1t 2| B ==

=2

(Exogenous Variable)= 7t&IC}.
L. Household
Consumption Euler Equation = O| &3l 7H2-AX| 1S 34 L otCt.
Ve = Eeyesr — [T+ a2 —a)(1 = D] (R, — Emyy) — pozs

1-7
—a[t+ a2 —a)(1 - 1D]EAqy; + a2 —a) Etdyiss

07| M 0 < @ < 12 import share O] 11 T intertemporal subsitution elasticity O|C}. « = 0 Uf
HMAM2HO| | LYY ¥ == (Endogenous Variable) 2 Q& E y, 2t S7HMSE n, 7t JYCH DHEHC
H2t2 Aq,2 Ot2H Ol A CHE ZdO| X| Tt @ =2t 11 TSt AO|CH y; = WYHI T2 & s =7t dEEQ

=
H| S O|Ct OX|B 2 2 z,& M A Q| 7|2 (Technology) & & O| L},

1I. Producer

D e — Vo)

K
Ty = PEiTey1 + aBEAGry, — abqe + T+a2—a)(l—

07| M g, = - “E=2C D ot FXH YRYF (Nominal Rigidity) S D24 SHX| Q2+S 1] 7
t

SYEOILE k= 72X Oi7) #H2=0|CF

I1I. Exchange Rate Policy
PPP £ 7HH5IH PF2hs e 2 BHSI CHE1 22 A S F=0

T, = Aey + (1 — a)Aq, + ¢

07| M m¢= H|ZHE (Unobservable) Bl -2 M 7t 2 Sl 4 & = U= REM = MA 2l 27HdSE0[

SR = ppp 2R E{Q| KoL},
Iv. Monetary Policy

Re = prRi—1 + (1 — pp) (Y171, + Yoy, + Phe,] + ef

18



Ol 7| M M DHIN =y, by 32 25 RC| Q| &= AMSHetCh M| B FO[XE0| Oj2iof S2

IX|Chz 7FESH| 0 < pg < 182 7HE5LA, = SE| ZHMOof Cioh oM 4=2t 1 I oHCt
V. Terms of Trade
WHZEA (Terms of Trade)= DSGE 2| 7|27} &l = BN 2O A=
[t + a2 — a)(1 —1)]Aq, = Ay; — Ay,
ot 20| A0l T X|BH = Qo Ct3 1 20| 243t AlZICH
Aqy = quQt 1+ Agg,
017|M 0 < pg < 10|11 Aq,= ARIMA(1,0,0) IS & WECt
VI. 12| dHs5

* * *
Yt = PysYe-1 T Eysy
* * *
Ty = Pralle—1 t Eqap

el SEEDIy; ollQ S7HMSE2 7 25 ARIMA(1,0,0)0H8 S 2L}

A2.2. Interest Rate Model Estimation Procedures and Results

DSGE °| = /0| S45t7| 20 =8 S o o ME =t Az

—

A.2.2.1. Matrix Representation

DSGE 29| =& 2Isl X 32.12 SAES Y%} AIZIC SH == (Control Variable)S mx1
HIE| ¢, 2 LIEFLH D Q| M B4~ (Exogenous Variable)S kx1#E{ z, 2 LIEL [} DSGE Z& 2 Ct2 1t 20|
H#0| 7k SHA =L

0 = E;[FCyq + GG + HGp g + Lzgyg + M z¢]
z; = Nz, + &
2|12 Uhlig (1999)2] &S o| &35l CtZ 1t &

HE &

rlo
i
mjo

%+ Lk,

G = P¢4 +Qz,
z, =Nz, + &

ChAl ¢l BE S F2l5tH0,

& = (0, z,)" = A§_y + Bey,

A=[P QN] andB=[Q]
0 N Jrmxesm) Liexie

£ Y=Ch O7|M g, & HEfRO|ZA0|2t 221 A

(k+m)xk

M

SEfEHO| M & (State Transition Matrix)O|2F 11 SHC},
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A.2.2.2. Likelihood Estimation Procedures

o
=
Qs F7HX| ot=7 BT HA £ I A (Measurement Equation), y, = f(§, &y, | 0) = C+ K'E, + ¢, 0l
Lstn, FHME Q0N T3t HEHTOIS Al g, = g(§y, £, 10) = AEH + Beg, Ol BRSIEE 017N o=
047§ ¥ 4= &), = ¥,2| Random Fluctuation O] 1 ¢, = ERT O|IFHOI M M Z = U= RFOICE CHZ 22
Kalman Filter & O| &8iA DSGE 2| R =& A& Al F=EZ sl
P& | Fro1,0), pEe | Fr, 0), p(ve | Fro1, ), £,,~N(0,0,) 2t &, ~N(0,0¢) = SHE L E HELHD JHFSHA LHH,
AE =M= O3 2ot

Ok

() te LTI W HEHSA g2 7|thgo SELHE WA YE 7., £ 0| 83ff LHETCL

—

p(& | Fe-1,0) = f}ﬁ p(Et | §e—1, Tt—pe)p( 1| Fr1,0) d&q
R m
o §ie-1 = Eeo1l8e] = Afeqje-1, g2 HeS0| SELUAEO Q¢je—1 = AQe_1jt—1A" + BogB* O|C}.
(2) to| HE F,E YO|IO|EBICE

P(Fe | & Fro1,0)p( & | Fr1,0)

F,,0) =
p(&: | F:, 6) kaerp(g:t | & Tt_l,e)p( & | Fiq1,0) d&;

O| 1 Forecast Error 7} & =y, — C — K&, € [, O| L 72| SELAE2 %, = K'Qye—1K + 0, 0|} O] HF

Kalman Gain 2 &, = Q;,—,K(Z,)7*0| £/

§t|t = Et|t—1 + K& = 1€'1:|1:—1 + Kt(yt -C- KtEt|t—1)l
Q¢pe = Ktay(Kt)t - KthQt|t—1( 1 K8t

7b =ICt
(3) to =& ALttt

DSGE 9| =

T
pFr 10 =p01 0] | pOr10Fi0)

T
p(y116) Ht:z fRHmP(Yt [ &6, Fr_1)p(Ee | 6, F¢_q)dE,

o

|0, SR EELI 0 2J8HA In(L,) = 2 [In@m) + In(IZ,]) + £, (E0) e]

mjo

A
=

rir

Ct.

-~
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1 T
() = =5 ). In@m +In(Z ) + 5 ) el
A.2.2.3. Prior Distribution
MNZHEE FE2 26 7fH=S0| ANSEREZE AL 2 B2l B2 Lubik (2007)2 E X510
C=ar Zo| d™E| ULt

Prior Distribution Parameter Prior Distribution

Yy Normal Py Beta
Y, Normal Pr Beta
Y3 Normal T, Normal
Or Beta Iy Normal
a Beta ay Gamma
Tss Normal o, Gamma
K Normal Og Gamma
T Normal ay Gamma
Pyq Beta ay Gamma
Pz Beta

Table Al. DSGE 2 & 9| ¥ =& 9| Prior Distribution

A.2.2.4. Sampling from Posterior Distribution (Markov Chain Monte Carlo Method)

Mza2 FE2 34 F HAZ U0 X212 1 F 7o E B = BHAl MZ22H7t 7S StEt

(1) HX AALE BHZ 0[50 Posterior Mode E &=Lt

LB F)p(®)
POIF) = o, [op@)d8

0|11 2 &= Normalizing Constant O| C}. [[}2} A{, Posterior Mode = Posterior Kernel K (8 | F,)E Z|CH=t

ANE2ZM 25 5= ULt AE & & ACEH W2k, A UH L - S 0| ol

InK (0| F,) =InL(6 | F) + Inp(0)

£ Z|oi3t AlZICE O 7| M £(8 | F,)E Kalman Filter S 0| 83}0f @& 4= 11 A
EQu3IEL

O| 83 M Inp(8)E =2 == ULt O| E S5l Posterior Mode 800, = L1 SEMHE 2yoqe s B
(2) MCMC E 0|83t A ZHE FE
Posterior Mode 80,5 210 SEMEE 5100 5 T7|HFE

<
i
ie)
o o
et
pav|
ie)
|
>
M0
el
e}
rx
vlot
P

ZA0|Ct. & A= Metropolis Markov Chain Monte Carlo
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L 9+§ N(en—lf z:n—l)i _l?I_E'I —*—%’éj‘[l’ O47|A_i e0 = eModeol—T‘—ZO = 2:Modeoll:l-'
11. InK (6% | F,) = InL(6* | F,) + Inp(8*) S AES L}
1. he 7S2XZ(0,1)2 FE5l1

Inx (0t | F

h < 0| F)
In¥ (0,1 | F)
O|2n <N, +N,0|He, =0"0[2t1 FLC},

V. flo a8 E BtES N, + NHS| B2 S Y0 R N /Ml HEE2 M AL

A2.2.5. DSGE Estimation Results

dE ?I8l 2000 H 4 27[FE{ 2013 A 4 27|7HX[ 2] | GIO|E 7t AHE E| T HIO|H =& 2 {5

-|>+

=
wn
Q

lobal Insight & S| 2= 2|2+ GDP H|O|EHE 2 11 CEIC Data Manager & S5 ™ HZE 7, CPI Index,
Y=ot2 HO|HE YALCE GDP 2t Y XA O2| 10 F=8E2 H0|EH 0| 21 Xt (Log Difference)S

HESHZ 1002 SolA 27|18 HEES YACH HHEQ| Z2 1 = HP-filter & 7} HEA|Z =0 0| &=
AEEI5T 7|29 FME MHAIZ|7| et A2 2 Lubik(2007) M X2t 5 Yot Hh-2 MENSE Z40|Ct. CPI

Index = 2 XS HE AL 24008 SL22ZMN HE 2 2HLSHRALE

FEAN BEOARE L2 -1291.55646 O| A 10 Of 71 == =74 A 1k= Table A2 2t Figure Al Off 2| SHRACE

H
[l
L]
>
nja
=
©

rx
ru|o
~
(e}
(e}
(e}
=

Q

Q
in]
E

GO 2 DSGERYO| HHOZ QM X0

CC
e =
AUS M X7 oEA LSS 357“0” CH Bt (Impulse Response) &A1 = 75 L}
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Parameter Posterior Mode SE Mode Posterior Mean SE Posterior
Yy 1.784436191 0.1625921901 1.405644522 | 0.1570932611
Y, 0.137498973 0.046786662 0.24168119 0.043969231
Y3 0.242811515 0.046601697 0.181277001 0.0549677
Pr 0.733985028 0.029259364 0.863357135 0.019502461

a 0.011098362 0.000404858 0.014069371 0.000784558
Tss 2.533434187 0.1472581 2.428805536 0.140232472
K 2.533434187 0.1472581 2.428805536 0.140232472
T 0.006439656 0.001614707 -0.025225706 0.001582762
Pq 0.326472702 0.073539206 0.269346707 0.068144176
Pz 0.502767777 0.000527923 0.500206541 0.000222822
Py 0.967119951 0.01232406 0.973492335 0.006042826
Pr 0.316665323 0.06358209 0.323447028 0.07770554
T, 2.513704613 0.189433613 1.985729066 0.175114759
I 0.509274484 0.045739 0.558339976 0.042807638
Oq 5.944384507 0.443714153 5.41460297 0.352361078
0y 11.86990338 1.328568355 13.90977797 2.192360119
ORr 1.652155623 0.151632907 1.350641911 0.110685036
oy 0.009727092 0.002618231 0.005750252 0.0013683
Oq 7.522144447 0.561117511 7.263536828 0.515883239

3
-
-

Table A2. DSGE 2 & 9| B4 =X A7}

psi.1

psi.2

psi.3

rhoR

alpha

r

kappa

3

rho.Q

rho.Z

rho.Y

rho.pi

.
Y
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pPiA
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Figure Al. DSGE 2 & ¥ == 9| Posterior Distribution

A3. SPIA Payout Rate Modelling

In|

SA =2 SAIZ7|E=01 20 T

rot

R AP0l

0
|Ct.

bas

SAIZ|Z0l20] CHet The P8 S

ot
e

# Dat:
7EIX| o ot=o| Y EFE| AAE A=t of g4 F QIE{ Ul IO X| 0| SA|E[0] U

o [

a
2015 4 7 X Q] MBS A0l 82| FHIZ HAZ A|AH Y X2 E Che EMEIQUCH B

SAZ|E0|g1lt 23212 X0|= LHSHA| U2 I HE L0|=0H, K|t I &7 E H=E X10| 7}
HO|X|= HENE 0|1 QAT (Figure A2). %DIE%E% 7t SAZ|EOlEE FUEE M| = A2
9YE0|11r0| 252|Y W, ==0| Ho| Y=o ZThE AOICH (Figure A3). 2| B@2 9 -0.99 Y20 ©f
90%2| BEIt B0 2™ UYL, EFEHX}= 0.028514 0ff AHCE O] A2 56}04, SA|Z7|&EO0|&0]

[ |
CIR 2¥O| S8 WAXAU"S ZFAIZ

11CR2¥O ZQ, = D = d)m— $B(t,T)
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Payout rates

Figure A2.2004~2015 3 S 3 2|2F SA|7| & 0| & (EHRl: %). (EX: CEIC Data Manager, &34 &)

90

Series: RISK_PREMIUM_PER_CALL_RA
80+ Sample 1 138
704 Observations 138
60 4 Mean -0.993050
50 Median -1.000000
1 Maximum -0.854949
40 Minimum -1.053125
Std. Dev. 0.028514
30 - Skewness 1.656896
20 Kurtosis 8.437536
104 Jarque-Bera  233.1512
ol s Y - — Probability 0.000000
-1.056 1.00 0.95 -0.90 -0.85
=R o =
Figure A3. 9_| £ (EHR: %). X : (CEIC Data Manager, &34 &)

Ad4. Value at Risk

Value at Risk, VaR, (L), ae(0,1)= =
74e &2 40|t

VaR,(L) =inf{le R|P(L>1)<1—a}

EZR9 (1 -)%n &HER A ¥E A2 OdEl= 2L S

AFAS YO HFX|ZUO| = &dfi2tn 7HESHH AN A=t AF X ZW A|E2f 0| S Sl
A9|9| aOf CHSH Value at Risk 7t A& 7H5SICL VaR E A& 2™ 28 (Loss)Ofl CHeH Hol7t ooty 2
=M= HFe E2 EE XS HO| Loss 2t11 Jo|ot M, ARMO| L 2014 HO| A2
7t140t3 ol £2[=0 |Xf5 S LESIo A2MZ ARASHH 2015 HO| A FAO§XLIF 7R = U=

k>
2

£

=
=
SE Ho[Zol A

o

Z1k a=5%,10%Y
Figure A4 1} Z QkLCL.

L, MRS &
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0[9|0] = var ©| B2 S80] 7t
IR NYAYS 5WY

AYOAM XN 2F olE2] edX 7+

Expected Return (Esscher)
5% quantile
10% quantile

Expected Return (Wang)

5% quantile
10% quantile

Swaption 1
0.020574

Swaption 2
0.02043

A= = AL =
, Bl E s E JtEsAELS
=] = o ==
I 2 =320 =282 A

Swaption 3
0.02065

Pension
0.02469

-0.005333349 -0.030017164 | -0.009733127 | 0.002559683
-0.003492307 | -0.024922573 | -0.007892651 | 0.000493728
0.02565 0.02758 0.03135 0.02552
-0.07486887 -0.028629875 | -0.009214822 | 0.002453836
-0.062864901 -0.023774403 | -0.007454144 | 0.000429036

Table A3. 2 &M 1 AZ 2| Value at Risk (a = 5%, 10%)
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A5.0ECD 7| &52| ¢ig 28 ¥Ef H|w
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B Defined contribution O Defined benefit / Hybrid-Mixed

Chile
Czech..
Estonia
France
Greece
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United..

Turkey

Israel

Korea

Luxembourg..
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Canada (1)

Finland

Germany

Switzerland

o

0

o
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Figure B1. 2013 3 OECD Z7t=2| E| XA F X|F & HIF (T %). (EX: OECD)
27



B Shares @ Bills and bonds @ Cash and Deposits O Other (1)
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Figure B2.2013 4 OECD 3 7}=2| 13 AtitZHi2(EH: %). (B M: OECD)
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