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< Abstract >

Solvency II (in Europe, 2016) and IFRS4 phase II (in Korea, 2020)
implementation suggests that the insurance liabilities be evaluated by
fair value measurement, not by cost evaluation. This paper studies
methods to calculate the discount rate of insurance liabilities fit for
Korean market environment, which 1is crucial for fair value
measurement. This paper also analyzes the impact of the newly derived
discount rate to the value of insurance liabilities.

To calculate the risk free rate, we use the treasury bonds up to the
maturity of 20 year. Unlike literatures, to calculate the liquidity
premium, we first suggest the Covered Bond Method fit for Korean
environment, in which the industrial finance bond is a substitute for
the covered bond. We also suggest methods to generate declared
interest rate and discount rate scenarios to evaluate insurance liabilities
including guaranteed minimum value. We apply the newly derived
discount rate to fixed and floating interest rate insurance products to
compare with legal liability reserve, calculated by currently applied cost
evaluation.

Our results show that the volatility of the capital will increase if



the fair value measurement i1s implemented, so we suggest that
expansion of the capital, development of experts are needed to manage

the financial soundness of insurance companies.

Key Words : Solvency II, IFRS4, Liquidity Premium, Discount rates
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t,=n*r,n=0,1,..,1440, 7=1/14=1/12d.

mAA Aol A ¢, Adel FuEss Zrea shw,
T AU L= mAA Al QoA B o
g AsreEs AEdch (Nr) s muAl Ao

n

exp(—ar) 0 0
A — 1 0 1 exp(—br) 0 7
- (1—exp(—ar)) 5 (1—exp(—b7))1
m fus 1 2
B"= (s)ds— 5057',
t

n

’ ’ !
VinViaVa3
m o__ 7 7 ’
D = chol( VorVoaVog ),

7 ’ ’
Vg1 VgaVas
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ag
V= 2_a(1 —eXp(— 2ar)),
2
Vy = %(Pexp(— 207)),
2

Vs = ~1—(—3— exp(— 2br) +dexp(— br))

2b°
20mp 20mp

- (1—exp(—br))— e (1—exp(—ar))

%(1—@@(— (a+b)7)

g
24°
2no, V2.3

— T(l —exp(—b1))

(—3—exp(—2ar) +4exp(—ar))

200 ¢y,
— 2 (1—exp(—ar))
a

2 2y, 004 27y, sNOGT
onpr | h399sT | 2,310¢

2 2
oT. . nT
+ a2+b2+o%;r+ ab - >

V= 1y = %(1—@@(— (a+b)7)),
Vig= Vo == (ZTb) (1—exp(—ar))
; (Z”fb) (—exp(—ar)+exp(—(a+b)7))
+ #ﬁrb)(l + exp(— 2ar) — 2exp(—ar))
N #ﬁwuﬁxp(_ 2ar) — 2exp(—ar))
+ UZT? (1—exp(—ar))
LTI (1~ exp(—ar))
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S:t+dt_5;‘,
}zt,tert 5;

=exp(X, ;4 —X,) -1

TAolES AT ESY] 4 vER AdEE, o] HlEE p
ghar b, AR tok AR tdt Abolel FAOlE Dy, A B)R
AT 5 Ak

Q,t+dt:pX@7t+dt’ (&)

FAHE A4S BEE abompold] 22 AFAA Ad
M 2 S GeR oM AEE 294 714l ex)
ArAES FAE OO PAe] A8 o4& BiAE <
5>} e},

15) AAEF A& 34 S Brigo and Mercurio(2007)9F Bl@2 5(2015)& #arsic,

gl
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<GE 5> AR’ ojxg B
A= a b o n P

200613 & 0.180519 0.111904 0.032136 0.030704 -0.98
20073 = 0.058769 1E-05 0.015907 0.009915 -0.8432
2008 = 0.601411 0.00001 0.008561 0.00678 0.98
2009 & 0.144566 0.108169 0.061462 0.059815 -0.98
20103 & 1.008718 0.07374 0.020109 0.011368 -0.827%4
201132 0.12454 0.2028 0.04229 0.046344 -0.98
20123 % 2.066324 0.037465 0.032715 0.006535 -0.85749
20132 1.312348 0.031568 0.019758 0.007314 -0.90494
20143 = 0.264505 0.124768 0.032041 0.026498 -0.98
2015\ = 1.004789 0.047237 0.015725 0.006929 -0.83328

(2) AL A4 A ) WEY A

B3 2274 e HEA o8 BEIAL &Aoo E 9
7 "Hlo]E 165 o]&3F = WM F A (simple historical volatility)=
stomx FAsAT FA @2 0=0482%= 7] 7tol]l AF#glol

o 8519

e 4

o

51‘ A =
2 AFdAAE gE2dS 98 AA RRASA & ES
gota o AAl B3I FAE w= ALY E&ARTE
&
Al

©

Add Aeoln. dE 5o 54 R A4
FAR A, ARt WEA og0] AR U
At fxpAeh o] wialA Al E
G gobd ARk MEA o7k U

S wE A
A 2R A FA ol

(Zodr BN 2

16) B 8d=9 S8 EAA 2 FAE A=(2000d 129720151 6¥€)E o] &3h3th
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AN v gmse 2 olAHE 8913 BFIAL AATEA Fhe] A
AREE ReEA, ddgs g2y Aok s, ol Ae
Z47be AAR BES7 = oEE dolBE oy HAHS FUF

ry

i)
=)
N

N,3=7
72,3 = SZgn(p)’% (9)
—1ifp<o.

HH3AL 2] =1 714 X, 9
vEtd 3l

7) o]} H|$=%F 7H4 L Brigo and Mercurio (2007)°14 tha9l ojx& B¥S 7ho| A%
HAAE ByslelAY, thal o|AERY Y & 7k ARAAE wkgs] Ha )
3k = 0]1:}

18) Brigo and Mercurio (2007)14 Z7let M2 sign(p)7t Soi71A b=t} o}7]A=

B} g2 B WY dlolA FEAF o] A (positive definite matrix)o] =
= A& B f8 olE ‘:‘”0}‘21‘:} dAPHo] WA= AL TERAH UA
g4 o= REH APHoz T 4 Q)



Corr{dr,dX} = Corr(dx+ dy,dX)
_ Cov (dx + dy, dX)
 Std(dz+ dy)Std(dX)
00,3 TN0 .3

Voo +n* +2pom \/in
0Y,3 T3
\/o2+772+2pa77
o+nxsign(p)
= (LT

vV o’ +772 +2p0n ‘

ek i e B4 A TR 5 9

Voi + 772 +2pon

v= Corr(dr,dX) o nxsign(p)

(10)

A71A abonps AR BHo]AoR FaM da QlomE, olA|
dr3k dxe] A Corr(drdX)¥h FAFE 2} (100& AHE3H] 4
g 7% F vk 2 g, A A0F AFEE 4,8 ANEE
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BE QTR AN FEEA AU B 48

A BEES|X| A&7 (2010), 1-33
TEEEY, 20143 HYIAL FAFE FEA 2 £JHI, HEAE,
2015.4.1

TEAEY, AFAAY FARAAEe] & Sl BEIAL AFAAA
AEWE AR ARG AEZA Y, 2015.10.21

FeHEY, “BIEAF FAIAVIFAFRSY) 294 =9I oS, F3) A S
35459, 2015.12.21.

‘anglel WITFA JEXEzIel ARAewey, 2sEX| 493
(2014):35-65

=998, “IFRSA 29l st Alo] RERA] H7HEA gl ek A,
2lA3 2T, A5 A3E(2014): 73-111.

dds-AAE, “WadFe LA 9 a3 8B40, BEEE|X] #1847

(2009):105-137

%, YRR RERAE] B A7, BESSIK|, ARACG) 331
QS FrAE B A, FRSA V1SSl RETA Bl Bat @, 2

AT[2|AT, A24F A23(2013) © 99-122.

G ol%T, “HHAETE Y B AARToIE AEd A AR
st A2@ AR5 (2010): 27-50

&9F, “SARYIAVIE =ddl wE AdFuE Gl #d A7 - A
HIIALE FA o= Azlsted A3 A15(2011): 29-58.

o], “olzatg HFFAo]l UAlE AR F o ojxfe] A" Sh=O|0|E{ M E ot
3| X[, A248 A43.(2013) : 737-753.

FawFg-olgA ‘w9 fFegd Znd Vgt F47, 2l
T, A26A A1E (2015): 93-123

AF -2, “ARkEsiR e FA) AZtETLet R AAT AbEel @

I>

Fake

e

z

_40_



A7 2l AT RE| AT A2678 A15(2015): 125-151
AL - B - AT, ‘TR WEte s FEldA st A E
22 B3 thE Aa” stEZEASHE K|, A448 A5 (2015):947-995

Brigo, Damiano and Fabio Mercurio, “Interest Rate models-Theory and
practice: with smile, inflation and credit”, 2007

CEIOPS, “Task Force Report on the Liquidity Report”, 2010a.

CEIOPS, “QIS 5 Risk-free interest rates—Extrapolation method”, 2010b.

EIOPA, "Technical Findings on the Long-Term Guarantee Assessment”,

2013.6.

EIOPA, “Technical Specification for the Preparatory Phase (Part II)”, 2014.4

EIOPA, “Technical documentation of the methodology to derive EIOPA’s

risk—free interest rate term structures”, 2015.12

EIOPA, “SOLVENCY II IS GOING LIVE”, 2016.1.4

Grzelak, L.A., Oosterlee, C.W, and Weeren, S.V. , “Efficient Option Pricing
with Multi-factor Equity-Interest Rate Hybrid Models.”, Reports of the
Department of Applied Mathematical Analysis, Delft University of
Technology, 2009.7

Karatzas, Joannis and Shreve, Steven, “Brownian Motion and Stochastic
Calculus”, Springer, 2012

IAA, “Discount Rates in Financial Reporting”, 2013.

IASB, “Revised Insurance Contracts Exposure Draft”, 2013.7

IASB, “Insurance Contracts, Basis for Conclusions, Exposure Draft”, 2013.7

IASB, “Determining discount rates when there is lack of observable data”,

Staff paper, 2014.6

7= www.fss.or.kr
$ %24 3] www.kofiabond.or.kr
LA, “9)712] 3437 20154 99 22<

=
Yol “HAL A2 FE97], AES B97F gl 20166 1€ 7

ao

s A
=
s A
=

o

=)

_41_



= (), y(0), X(0)) 79}, 3749) X

T Hely e
Yt) =Y, (), Y, (), Y;¢)]" 2tar st 20 el 229l g
2ol vl & & Avt
dZ(t) =[C + GZ(t)dt + CdY,,
2 F2 g3 2y
1
Q(t) = [0707¢(t)_ 50-25]T7
[—a 0 0
G=|0 —bol,
1 10
o* onp ooy
GCl=| - 7 15).
o5
G Al WA &Ee] Cholesky decomposition(3]d #HA21S vk
Folz oW 3x3 FHoletE dugle)olehal 3.

olel @ e En|Ey
BzA, Z()E e

A1 6. M8 WA A (linear equation) &
2ol xdET 4 e,

@(t)[z(m/;qs i( ds+/¢ $)cdwl, (1)

20) ©] Bk 5 wt) =W (t), Wy(t), Wy (1)]79F thaoll foldtch mwit)
(component)?] “g##Al(correlation)”} EA43HH, Y(t)= 2 L47}
FEolth

21) Karatzas and Shreve (2012)% 5799 A3E o] &3}t

_42_



- AP (12)
@—E.
G7F Aoz, 2129 e dd A $gS(matrix
exponential) & ©]-&3}H 53 o] Yehd 4 vk

. . (14)

_43_



(15)

Ho A es A& X (3-variate normal distribution) &

o]
e S
e, Hi g BA e T 2ol T S 4l

Lo 1 ’
2
(8 )dS - 5057-
tll
(28}

V= 45_1(3)C})C3T(d5_1(s))Tds

n
t

n

Vi1 Vg Vg
= Vo1 Voo Vo3|,

V31 V3o V33

o1 7] A

2
g

v, = %(exp(Qath)—exp(Qatn)),
2

V22 = % (eXp (thn +1 ) —exp (2btn ))7

_44_



2 2(exp(at, . ,)—explat,)) . (exp(2at,, . ,)—exp(2at,))

V3g = ?(thrl n a % )
N 222—17 . —t — (exp(at, ., ,)—explat,)) N (exp(btnﬂ)b— exp(bt,,))
" " a
N exp((a+b)t, . )—exp((a+b)t,) )
a+b
200 4v, ( explat, , ) —explat,)
a nt1 "ty a
N n t . 1 2(exp(bt,, ) —exp(bt,)) N (exp(2bt,,,+1)—exp(26tn)))
b2 n+1 n b 2b
2005 exp(bt, ,,)—exp(bt, )
b ( nt1 T b )

+ UQS(tn+1 _tn)

vy =y, = 220 (exp((a+b)t, , ) —exp((a+b)t,))

a+b
2 exp(2at, . ,) exp(2at, )
o ; ;
Vi3 =V :—Q(GXp(ath)—eXp(atn)— o1 + )
a 2 2
[3077 eXD (atn+ 1 ) - eXp(atn) eXp((a+ b)tn+1) - eXD((a+ b)tn)
( - )
b a a+b
o0 ¢y
+ - (eXp(at7L+1)_eXp<atn))7
b pan(eXD(btnﬂ)_eXD(btn)_ eXD((ava)t”H)—exp((a—kb)tn))
93 = Vg a 2 s
77_2 (exp(btn +1)—exp(btn)_ exp(2bt, . ) —exp(2bt, )
b b 2b
1O &Y
o (explbt, )~ exp(br, ).
oA w 3V ?é?r%,‘?ﬂﬂ*ﬂ FZ3 I5 N'e RS A&,
21 (15)9] W9 7 F2E tad Zo] AT F+ Ao

tot1 L1
[/ &~ (s)C (s)ds+ & (s)Gd W] = p" +chol (v) < N™
t

t

n n

_45_



o 71 A chol(v) =
A%z AEuE

v2] Cholesky 3+ 3l(Cholesky decomposition)<]

3228 (lower triangular matrix)©] th. whekA]

Zr3h 70, Avelel AR gew el & 4 3l
Z0 =0, )P )2+ D, )W +chol (M) < N,
:gp(tn—kl)@il(tn)zgn—i_@( )Mn +Ch0l( (n+1)Vm¢( ,1+1)T)><]V;n-
A71M, Zmol AF o, )0 )T NS AFE Aatstd
2% o, ek, )= B3 2ol Aatdh:
exp(—ar) 0 0
@(thrl)@il(tn): , 0 exp(—br) 0’
E(l—exp(—m))z(l exp(—b7)) 1
_’/11’/12’/13
(n+1)’/nq§(n+1) = Vo Vo Vosl,
V31V 32V 33
o] 7] A

_46_



2
ag
V= 2_a(1 —eXp(— 2ar)),
2
Vy = %(Pexp(— 207)),
2

Vs = ~1—(—3— exp(— 2br) +dexp(— br))

2b°
20mp 20mp

- (1—exp(—br))— e (1—exp(—ar))

%(1—@@(— (a+b)7)

g
24°
2no, V2.3

— T(l —exp(—b1))

(—3—exp(—2ar) +4exp(—ar))

200 ¢y,
— 2 (1—exp(—ar))
a

2 2y, 004 27y, sNOGT
onpr | h399sT | 2,310¢

2 2
oT. . nT
+ a2+b2+o%;r+ ab - >

V= 1y = %(1—@@(— (a+b)7)),
Vig= Vo == (ZTb) (1—exp(—ar))
; (Z”fb) (—exp(—ar)+exp(—(a+b)7))
+ #ﬁrb)(l + exp(— 2ar) — 2exp(—ar))
N #ﬁwuﬁxp(_ 2ar) — 2exp(—ar))
+ UZT? (1—exp(—ar))
LTI (1~ exp(—ar))

_47_



=0 (1 exp(—br))

Vo = Vi = Glap)

+ a(ZTb) (—exp(—b7)+exp(—(a+b)7))

+ m (1+ exp(—2b7) —2exp(—b1))
(14 exp(—2b7) — 2exp(—br))

_|_ L
20* (a+b)

N0 5Y2,3 . .
+ S (1—exp(—b1))
anoslas o _

batb) (1—exp(—b7)),

B Ar B Dy whekA vkt el AtE

A=, ., )P '(t,)

exp(—ar) 0 0
_ 0 exp(—br) 0
1 1 ’
E(l —exp(—ar)) 3(1 —exp(—b7)) 1
B?T:@(t'rﬂrl)u:?
exp(—at, . ) 0 0 0
_ 0 exp(—=bt,, 1) 0 f 0
1 bnt1 B 1 9
(1—exp(—bt,, )1 ¢(s)ds— S ogr

1
E(l —GXD(— atn+1)) E

2 1
:/t ¢(s)ds—§a?97,

D" =chol(®(t, . Wd(t, )7
Vi Via Vi
= chol(|V'y1 Vs Vo3 ).
Vg Vi Vg

_48_



£, B'e Artstr]

= 7% 5 ek

exp(— ft s

+

+2p‘;—”[T—t+ €

22) Brigo and Mercurio(2007)Z



