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Gain or loss under mean reversion scenario

+y/Max loss (level up, level down)? + Max loss (twist up to down, twist down to up)?
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MR; = Loss under mean reversion scenario

LU, = Loss under level up stress scenario

LD; = Loss under level down stress scenario

TU; = Loss under twist up to down stress scenario
ZMRI' +VaRy, (Z LT) TD; = Loss under twist down to up stress scenario
corr(X;, X ;) = corr(Y,,Y;) =75% | N"Y(x) = Quantile function for the normal distribution

0% ; 2
corr(X,,Y)) = X;(ie level) and ¥ (ie twist)

1 LUXX;. le?[l 1 TU;XV,‘, i[VfL:O

LTfZN"(u.qgs}X -LD;yx X;, if X;<0 TR -TD; XY, if ¥; <0
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(R Instructions for the April 2019 Quartitative Deta Cdllection Exerdise of the Fdd Testing Project, p187)

12) Instructions for the May 2018 Quantitative Data Collection Exercise of the Field Testing Project
Instructions for the April 2019 Quantitative Data Collection Exercise of the Field Testing Project
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(3. Risk Management : Approaches for Fixed Income Markets, p.97)

FE2HE FAZPOH LS AdFshd Dol met w7 ojah& o] WE(A

e AT 5 At PCARYE O = ojx& Aue &5 A4 Frye(1997, p6)=
A L Ee)e olAEe FE(levels, FHA ALFHE (6= oA &2 7

(slope)S, AWHA ZFHE(e;)E ©lAHE 2] I E(curvature)® A3t ot

Ar, = e, xAPC, +e,, x APC, +e,, x APC; +---

ojatE FE(level) > olAb&o] WYIFRE HAV|7HA HAAH R s Ee
(parallel shift)el= A3 Fo] At} o] & 7L 7|(slope)= YOz o|A& o]
v o] lo] R o] xpgo] ZhutE Al AU HH A
ojuj gt AU A =& (curvature)> 7] o|A-& o] s (steh)st= v

Seh(d5)shs Ao W olge] oW FES ol g
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o rIr
ol
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i)

ot
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o

Y

s

o)

o3
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-
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A24 d] o] E

Aol AFEE dolEl= 2008 w&A7IA AlA Aol wElE =AY
AZIE Al 2010d 1958 2018 12€E7hA o] FE(MF 589) = spot
rateld (o] 8} ‘FojFolata")E AFESIH TIAIS 3HU=xE52 9718%S £33 4

JHE Jluom el AE Ao AEHE o] mgAste g4 A

u!

A& o} ICS Field Testol A A7) o] 42 20100 o] dlo

T
|
>~
>,
oo
k1
B(il
P‘L

3L 9tk ohRkF 20161 Field Testell A dlo]El ] 7]zke] 6 02 U5 Hths o] Ao
Wol o] % Field Testoll A= dlo]E 9] 7]3H& FA 38t AL&3taL ATt

oA AMEE FFoiakg ] wrE W)kl &S why] 30 A}
(12d 9¢€ a9} wkr] 500 d =A1(2016W 102 =) E A< 1d, 214, 3ud, 4,
59, 79, 109, 20 w2 F 8/ WS AREskioh

20109 1¥€E 20184 1298717 o] F3 P9 @olA&S ek [19 3-3]&

&
B 20109 ol ¥ A &Aoo Tt shg FAC dEe FAD & 3k

[29 3-3] 2010.1¥ ~2018.12¢ 9 @olx& Fo]

—1E 2|
—a 2|
—3i B

al 27|
sk 97|

—7 2|

— 10 Ot7|

—20d 07|

010-01-08 2012-01-08 2014-01-08 2016-01-08 2018-01-08

(A5 dFAAH D

14) 77] TAAC 1§ Agsts Folmade] tAddd el 7H4s PtT)etar &0 spot rate(HE0]2-&)2 -
log(P(t,T)/(T-D= +& 4 Avh(=A-Fe7F 213%1(2018), p.2)
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ohatk v = FOMC(Federal Open Market Committee, 333 7§ A1 4 A 3])oll A &+
g5 A 20161 shEE7] o] FFA] Wbl ot 2017 o] § thA] SFEtEA|
Tl Ag FAE e E [17 3-4]8 BH 1o s
FAE 2ok g8 &4 4 Ak 20109 12€% ] 2018 129 F9 oA &S
9 Atk obEe A SoE B wEvt drise st

=2 Hed A4 E vela ok

5 %
as

—— 2010-12-31
. : 2011-12-30
. /_________,_.——Z 2012-12-28
. - ___/ 2013-12-27
: - *-T:____--. R 2014-12-26
. e ———— 2014-12-26
; . 2015-12-31
s e 2016-12-30
- . . . . 2017-12-29
18 97| 2@ W] sE 7| @ U] sEUT| 73 97| 101 27| 208 Q7| —m—2018-12-28

S 9ol g e FuAS PR AEY Ak <E 3-1>3 go] E ¥
A

710l A A7 86%ol o & ko] A vEE T wEkd PCARE S A&
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< 3-1> W Fedolabe A

19 2 3 4 o4 7 104 2041
1 1.0000
24 0.9721 | 1.0000
3d 0.9417 | 0.9919 | 1.0000
4d 0.9149 | 0.9813 | 0.9945 | 1.0000
54 0.8972 | 09723 | 0.9897 | 0.9983 | 1.0000
7 0.8875 | 0.9656 | 0.9845 | 0.9955 | 0.9982 | 1.0000
106 | 0.8728 | 0.9557 | 09782 | 09913 | 0.9957 | 0.9983 | 1.0000
206 | 0.8673 | 0.9475 | 0.9697 | 0.9830 | 09882 | 0.9928 | 0.9967 | 1.0000

[19 3-5]+ R 23] PCAES(princomp)E A -&3to] 4617] F9 & ol#}
& %3t PCARY S

&9 MHEE 19 biploto] th. princompsta+ AW WH S
2o =2 gt} [29 3-5]d YERd vhe} o] W dfget=

Agate Ae 7 =
T WE 2e WEe] s EE 2 Jlh olw WMt AddAvh smvue A
ojmat], gt d Fejglola&o] PCARE & A &at= o] Agge e

[719 3-5] w7 913 e]2k-& 9] biplot

30 20 10 0 10 20

000

[=1

]

005
-10

-
W

P

0.15 010 005 0 DO 0.05% 010

Comp 1
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PCARZ S F4¥E EFAG, LHHEZARY AF) 2 49dS 458 2
S <E 3-2>9 Pk vhe ool & W PCARSS H§F 0 guAS B

S AHEE Ao TR E S AFEE B0 g, A tETes Holth
ICSAAM = FAAR] WS WAsta A A9 Lordel Pelsser(2006, p.b)&
Lardic, Priaulet.P and S. Priaulet(2003)°l ¢]3}H PCAE -2 9§ o] #-& AFA| Bt}
T ol AE ztolel e} A &5t Zlo] upgrA e, Al A Hol| A &aho]ok
At de] PCAREYE S 488 A5 @] 7ol
&9 WEd B B S W] wiEoleta Adsta vt wEbA 2 ATl A=
AaAF FHo] PCARHE S 2831t

3 3-2>0A K= el o]l AMA FAHZPCHY EAke] 7H A T3 el
& 2499 96.9%= AW Aoz yeyd agln FYPolxe e F=
(level), 71 7](slope), 2+ & (curvature)ell | Gst= AHA, FHA, AHA F=4dFo0]

Polgol e 40 9995%% Ausht Aow ey

grebar AAlEkaL Qv o= &

A

HrdA@ | afakb-a) | 2@eb/zb) | vA dde
PC1 2.7855 7.71589 0.9699 0.9699
PC2 0.4634 0.2147 0.0268 0.9967
PC3 0.1363 0.0186 0.0023 0.9990
PC4 0.0606 0.0037 0.0005 0.9995
PC5 0.0430 0.0019 0.0002 0.9997
PC6 0.0339 0.0012 0.0001 0.9999
PC7 0.0247 0.0006 0.0001 0.9999
PC8 0.0224 0.0005 0.0001 1.0000

PCARE AWAA, FHA, AAA 5l (e)s <FE 3-3>3 o] A& 9)
ot 25 EH = REZ I3 factor loadingdt o= A4 A ™3k decompositions &

i AFEe 349 WA 5w E e factor loading#ty T U B3 7F &54(-)

(
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= yebdn a2y ol FEo) A= Alve] e g e vAA et
<E 3-3> W ol AE TR ufuE
AAA T A S ARA TR

1d 0.3348 0.7700 0.3764

24 0.3547 0.3170 -0.1855

3d 0.3578 0.0924 -0.3814

44 0.3582 -0.0820 -0.3359

54 0.3574 -0.1789 -0.2699

7d 0.3566 -0.2360 -0.0254

10 0.3551 -0.3087 0.1752

204 0.3531 -0.3291 0.6793

AMA FAEe] Foe W7 WEsE Farh v ga sdstth £
A TS FelA o Farh 18 v, AA FA4Re] FEs As vl
Aep wirle] Buob sdety b d F-E0h wbdE Uehg B0 & 23] vpeh
olg 2 z= s [2¥ 3-6]3F 2t
[c19 3-6] Fel ol FAwe] ufue e

04 06 08

factor loading

0.2

04
1

— level
-- slope
curvature

maturity
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Lord®} Pelsser(2006, p.2)= Litterman®} Scheinkman(1991)¢] & & # 2} & o]
A AT LMY Fo WHslE 72 AWA FAES FAdolAE
(level), FHA FAHF+ 7]<7|(slope), AHA FAHEL 2FE(curvature) = A
ThaL A AR

oheb S T ol &0 77 (slope)E HAHHEW [17 3-7]9] ‘¢AFE B
ol e ueke Ag-9F Iy ‘geteFE Hola vtk 71&79 AR e f-

steF 2 A7] ojzab& e AeEHd dHET. o|xE& 7| E(term structure)ol]l o gk

HEA o2 §54MF0 20 oatd WUl A5 o4& WE o] AX=
2 oole i ®Aow ZajwYde QA k. wEbA w7t Aojh5E o|x)
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2
i
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Jhu
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2
o
Lo
o

(2% 3-7] 1% FHHoIAE FAL] LHuY
< 1982.14¥~2012.129 v=r = > <2001.1¥ ~2005.12¢¥ Sl% =zi>
e 104 -Factorl
ag 1 —Factor2
&\ // 0:51I Feator3
- B 4g
s 1 ; T ogid T
3 / S o4
B & 5414
g o
o 064
P -G.E-:
g N A3 R g R T gy
’ ’ :ﬂalur'lty fin yaaars] ) ¢ Ma turity T ) "
(FA: Computational Actuarial (Z#]: 10" Global Conference of Actuaries
Science with R, p.436) . Shapes of Yield Curve, p.275)
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2 FEstn A% olxpee gt 4t
FAFe S dF FAFYS ¢
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e 0| SR =l Th A —— 0| TTH —a-DTTE -0 53X =-E=T3IH
4,000 3.000 4.000
T 2500 - /—.4 stk
2.000 - e .—_*_____-__,.-‘i
2.000 - 1.500 - 2.000 1 ._____.._._-.-—_.
1000 1.000 LS|
0.500 -
0.000 : ; : ) 0.000 + ; i i 0.000 - :
14 54 104 3ol 4 sH 10H 304 19 sd 104 304

(FA  Fea ZABAALY, 19 Wl vissae 39 6719 W] el A

a2 Lordel Pelsser(2006)7F A A1eE =231 F-9 ol at&ol theh PCAR
M= [" 3-9]9 o] 71277 ‘98t e ® yEhal it

Factor loading
A
\
|
/
!

Correlation

024 ¥ 2 3 4 5 & g o
0.4
-0.6
Tenor (yr)
4 = Tenor (yr)
« | Factor 1 Factor 2 — —Factor 3

Tenor {yr) =

(#3#]: Level-slope—-curvature: fact or artefact?, p.6)
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HA FAAE
ICS Version.1.0°] A

Pelsser(2006, p.21)
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Pelsser(2006) 7} #| A] &t
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=
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<E 34> 21 RIS FALE A

THHOIAR<E 32 Fal> 21T sgol A
Sfg  Md@e  wAddge | ugg Mg rAude
PCl1 1.7589 0.9699 0.9699 6.7351 0.8419 0.8419

PC2 0.2147 0.0268 0.9967 0.8253 0.1032 0.9450
PC3 0.0186 0.0023 0.9990 0.2038 0.0255 0.9705
PC4 0.0037 0.0005 0.9995 0.0827 0.0103 0.9808
PC5 0.0019 0.0002 0.9997 0.0663 0.0083 0.9891
PC6 0.0012 0.0001 0.9999 0.0465 0.0058 0.9949
PC7 0.0006 0.0001 0.9999 0.0227 0.0028 0.9978
PC8 0.0005 0.0001 1.0000 0.0178 0.0022 1.0000

<E 35> 27 FYPO|AL AHUE

AAA FA7 A TR ARA FA R
1 0.2868 0.6614 0.6166
24 0.3471 0.3983 -0.2087
3 0.3622 0.2188 -0.4166
4d 0.3763 -0.0323 -0.3220
54 0.3747 -0.1076 -0.2410
7d 0.3702 -0.2476 0.0792
104 0.3586 -0.3516 0.2272
204 0.3441 -0.3981 0.4279

A4d FAP o AE At A4

ICS Version.1.0¢] PCAR &A= o]&& FE(level) 712 7] (slope)iha At
&3t F 47FA 9 TRl oAt g Alvg e s s =S sta vk wrpE S
shgo] At xetal JHgstal 2lFeE 995%1A o)AE FE(eve) T 71E7]
(slope)7} W3S wfo] FANES dolE o HF #Fd w7 Fo3do|x&d
to] AlgEl o5 AbEshe Jldelth 2 (5)d PCAE A &3] o4& FF7 7]
7] F=34 2 w8 FAANUES s =098 91321(2018, pl8)ellA

I
ol

2
b
I

il
ol
] o

o
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8 463 2ol 2T & A
R.'=(1+R")xshock—1 (6)

AR & (shock) =1 FodolatEel gk He= AEHER HF AEA
T FR oAt g o] ¥t S AFTs FeEE FAdor o agla F
& FEH 71279 Wiyt FedolaE e Walr vy Y] e F

M=ol A A 427 & 231tk Johnson and Wichern(2002, p.437)ol ¢stH %53}
H HEGFagolAs)et TR ARAsE A 2o AAg FHe

Johnson and Wichern(2002)2 #a1&}7] wpgkc},

e o A8

C OV(PC,,X ) A e; \/7
ﬂ’i

Pre " WarPC) Var(X)) AT ™

)

wpeba] Aol 1 HolEle FeRolAge] EEAGE A B A %
E 529 AFEE 995%9] NAALE FAFH okl 4@ o] FAMEo] A
sHt

shock = exp(xe, [2, x\/52 x o, x @™ (0.995))

e, = 1R =4 22| 17 HE(eigen vector=loading)
ﬁ — 1R FE 82| D[ i (eigen value, E4HE 2[0])
.in_:—'_, — T datal| ¥ it

o, = ©7id 2O0|x}2e BEEHEA

@7(0.995) = M2LZT 995% M| A5

(8)
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Alvkg e o] T Folatg 71& 717 Wek(flap)s Itk 71E7] Al AeE WoE
@7 FANES Ao G7) SANES Eob 71&717F 7FE ek A Al (steep) E T

TS ek 7% 73kt &N 8%
1 1.2301 0.8129 1.1820 0.8460
2 1.3489 0.7414 1.1277 0.8867
3d 1.3891 0.7199 1.0719 0.9328
4d 1.4166 0.7059 0.9896 1.0105
54 1.4359 0.6964 0.9643 1.0370
7 14115 0.7085 0.9225 1.0840
10d 1.4051 0.7112 0.8898 1.1238
209 1.3684 0.7308 0.8807 1.1354

[Z" 3-10] FHAFolAE Alvel e

yieia

-l - i ———— s —i

— base
----  pcalevelup

pca level down
pca slopa down
pCa shope up

I T T T T T = T T

L 4 2Y 3y 4y sY T 107 207

maturity
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A 4% RBCA =9 ICS-PCA Za g2z Hlu

=]
24

ol Aol A= A2 oA A7e RBCARES FElg)lxa F wEdxAd
A3 2% ICS-PCA F8lg]~aE nns] v

=S 7] flaiA e AAE BAe g A sEo] Z
S Sl AHEFS|ALY tE FEQ APEHE FVRE A3
713 8kt

<E 4-1> AASEE AV RE 1A

A 54 4041 G
g 0% PG B AN ARG AR
o4 ol & 2.5%
o4 §18% 88 2B BE
A HYE 5877229 (A %), ¥4 71k 54
A RS 199(d%), 238717 164

F 4ES YR U AYFHFE HO)0 e AHsech

Al - - X

1 xn —
i x:nl = - V =P .ax:ﬂ Ax:ﬂ (9)

a k" x x

x:nl k™ x
G A AREES AEs] A AVRddA fURE W 2 BaR
2 Aol FAEY FALEE FRTEEANN TA FA FEIED Y
sttt wElgaae] HyAAES dx AUIRAS #uid F 2do] A AlA
% 28l9] WARE W Wl A7 FAlel FAG o F A% B sgom, F A

_27_




& 2018129 2 714 s
Faz ICS-PCA°l weh &3 Fodolabe Aluel o= A3 A4d 2(6)
485 welolth. meEbA o] 241l ICS-PCA w2

23 ‘tIAFARE A E dF55S A3FdA =EF Aol Fede]
AR Felste] tIAR ] AldEl e EAES AbEStelof vk Al o] &

TR AR vaste] A4 WMENS AESI 1 A WES

Z:_]—o] ‘t+1’}\]7<4‘ﬂE1 u]—7]1ﬂii ]

v
>,
(_;‘
E

lo
fr

ot
o,
o
£
<_t.
ﬂ
N
L
©
iy
i)
o
[>
i
ot
o
L
e
_O‘L
£
o
rot
v/
o
rfi
)

Fet 7Hgol Bastth old] ICSAME TAH ol Fe] AFEES GIAETH A
e Adeed TR AEE Falstel ¢ BAAAY Ak ed A
2 AT YL o) B TARE A Haste] ¢AAL MBS FelY

SES sha gtk ol B AelAt 47 AE® wwom

@ 2 FYE BREEE w7 59 IAo FAsE A FEgaaE A=
3t Ay ICS-PCA w@lgl2as <FE 4-2>¢ o] 1H 2739 o2 <F 4-3>9
RBCAIE= WH7| &A% 918 52766 oF 352 UEST o= H7|Rd Juj

shet(slope—flat)9] 74 -7+ AF8-3FA T
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<3t 4-2> ICS-PCA =dg ==

(9] Q)
2018.124 level-up level-down slope—flat slope-steep
At
_ 7 127,907 339,896 A41,058 51,900 210,755
5 7}l
A
o 2 o 211,989 A168,965 A76,007 82,348
= V (Risk amount from 1st PC)2 + (Risk amount from 2nd PC)2
=
i v (168,965) + (76,007) = 185,273
<X 4-3> RBCAIE wH7|EUx 93
(2] Q)
A A Fdel A A 433 7} A Tl Al Q] =W =
3.38" 1,185,434 7.6™ 990,064
L
FJUZ:EL |3.38 x 1,185,434 — 7.6 X 990,064| % 1.5% = 52,766

« 20174 = 4 2018 =of XSt 2712 5 o] xS =25 ES SHtZ Hof AH&ESH Macaulay duration
S S X X~

<GE4-2>9] ICS-PCA w¥glz=aEs ey dwzon w7t e
(level-up)et= A HIP3|AL]  &xAke]  Z7hetdont dRkAl S she
(level-down)Aloll = =AF4ko] ZHAstdvt. 2elar @r7|=27F 453t =3

=7
ghelal Arlael s Asshe 7127 S (slope-steep)®] A §-ol= ¢Atol F7ts)

level-down®] 7% oAt F7bele]l ()9 += YEhl=d, ol wElsEe

2 W7k 2 RAle] @ohele] w7k e Aste] Aot A Frhehe] AR
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oA Hrizte]l F7Id AWERGIA} R AV EfEde AT EfEAIAE

o %A AN ASHOE ets) & AT AWFEFS ¢ & ek

A2d g3 7o A

AR E LPRE W7k 599 FAlol FAR B F S8Aae w7

Bz 159K &S 39 RBCAE 7] EAX Ay ICS-PCA F8g 2=

g wwsl noth B AdAE RV il WAk 7 SA FAG B
FeE 23 ofgA BEAEA AmMuag @ W) 5d wAel R4 A2

o] g 9o wr] 10, wr] 159, wr] 20, wk7] 300 Aol zZhz FApgk A
$9 FYgAaaE <F 4-4>9 2

<HE 44> TEE wle] FAe] FAG Ao FelY sz

(291 : )
ikl RBC wreleld D ICS-PCA | wdlold H@
) | wdeasa ALE | A | SEeaa A | A
54 52,766 | -422| 338 185273 | 1485 | 338
10 25000 | +0.13 | 7.73 120,500 | 1050 | 7.73
154 96668 | +4.03| 1163 | 76 54895 | -660 | 1163 | 1823~
20, 155319 | +7.45 | 1505 0| -318] 1505
30 230,180 | +12.78 | 20.33 78292 | +215 | 20.33

PSRN HE2 NE(E RaAez

~2HI XF L BHR R HIEEE it

—rﬂ
2 p
m
|0
Hu
HT
o
R
i
|'0I
—III

M Macaulay Duration

RBCAIE ¥7/1347 9@e1e RBCAEY ¥4 UgEs Agstel 4

_ﬁ.
dold ADe] Auigtel FATFH FHelsast gastn Feold A0 Ay
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ol S7MEE S7Heke & 4 Atk REA ICS-PCA weldlzas Aptka HA &

% AN BU&2 Agste] At BAREE Felold ADIE Fua

olof B WA= dFaEe HIdF Aw 2 H¥gs FYL =2 24
(10)el we} ¥ Macaulay Durationg 18230 % AF&E3tict. thak dwkz ol

Macaulay Duration®|l Al &= WH7] &<k o] zt&o] dA (flat)strtar 7Fg st 2 Aol
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ABSTRACT

Interest risk measurement and analysis

using Principal Component Analysis Model

Hyeon, Eun Ha
Department of Actuarial Science

Sungkyunkwan University

As with IFRS 17 introducing in 2022, a new frame for Korean Insurance Capital
Standard(K-ICS) will be set out. The Risk Based Capital(RBC), current capital
requirement system that employed the coefficient, needs to be changed into the
shock scenario method. Although of various methodologies of measuring interest
risk, up to now interest risk has the greatest influence on the ratio of solvency to
msurer. Therefore not only insurers but also many financial supervisory institutes
pay attention to way of managing interest risk and managing that.

To this end, this study calculated interest risk using Principal Component
Analysis method suggested by ICS(ICS-PCA) and undertook a detail analysis
comparing with interest risk of RBC. In the state of negative duration gap, the
interest risk using ICS-PCA is larger than that of RBC. Insurers must effort to
estimate liability duration more delicately and matching asset duration up liability
duration in order to minimize interest risk. Drawing on analysis, ICS-PCA also has
limits to measure true interest risk of insurers. Therefore we continue to review

various alternative methodologies and try to improve drawbacks of ICS-PAC.
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