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Measuring Aggregated Risk of Losses of Non-life
Insurance Companies based on the Vine Copula Model
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FT Al B A Hske BARe] 2Aa 7F o/ divh Thio] AR H I Qi 9
=01, At 20209 4¥ S805Y9S HIAA=AE= 7dste] EaEel WiAE
s I AES HEAE A AR A7 o e SR Al
ESHAHE A= 2020). o123t A=l A AEFAR] o] 4= Q= A
29] F571 thdetE o] EeAe] AREz] erto] ShfiEth= Hlofl 9Jo)7F AL, HaA
7t EEAoR S Wl she felol soldthe A& AXRITH & o dukdeg

He 20239RE AREE SAVIE Al 11178 EAAF I} AlAFof A= (o5},
K-1CS'# = BT BARE AZEE B7Iskes 876k=t, olo] w} EsAt
7F B3] HYAF 7S S W TRt fAaT 291 Hhgsjof gtk o|AH HY
e =S €49 Wtz Fago] ASt W, 94 2l S HE O
TRt =917} o] FofA| 1 Y=, 2 w=EollAle ZE2HCopula) 71RE PR VaR 2
= o8t Helgaa &4 W Eo] thsl w=ofstalAt gtk

ofg] F7Y HAaE Adsrlol I, A EAN| gl FERETTE A 2
87} k. 7+ BAFSEE &) disiil= AEAQl I B2 Het 4= qlth
ofd] BX Zofx] E3] normal, lognormal, Weibull(®8<d- A GA] 2014), logistic,
gamma(AEE 7935}t 2009) W normal inverse Gaussian(JE--5A4F 2011) &
50 58 AU /EAQ 54 HASE] &6 iRt &E
o= dEA ot

Ot HSES HAshs B SEaid2 o2 2lAas ZeRith st A
AT (Integrated risk management) IH A= e8] HF9] HISEofA A=
9] S TR SHok=t, o] W HAFTE 79| & F£E A 5] g
of gttt 11 F 7|40l AEARl fd ] WHECEMN A AR AgH o
A 2 oA AR S 75kl 9182 ARlshs {Hol Al dlE 501, 28 2A
2(2012) A4S o8t AFSAEF ] Al 7HA] B 919 Stk -840l
TH(2004)2 52 H Q] APgRIAT0] FFS vl EHSES] Value-at-Risk(Cls},
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Vine Copula 2301 7lstet 2afisel 2oty seeiaa =5 [NEEM

= BAZEAF HFA(Variance-covariance method) 22 Agksiod AR
o

Based Capital; ©[sl, ‘RBC'2} 3htt A2 K-1CSY] HE=HEFstolA= 7idE el 4
AP &oto] AU 4S5k Aol A8EtH(E64= 2021). ?HH Embrechts et
al.(1999)2 57 FAAEES] ZEE 0} o] thisf SE¥pe] BVt A
E= IR E(Elliptical distribution)S WhE2n TEZE] Q7| /HE Y 9] g2 AgH
o7 #FY 4 Q= Brols VaR el 4k B9 A dEot sdsieal 3t

™, 71 Z9oll= NEA] Akt 7SR W Al o] BE ol 25 A
= o} 12y 11 0]9]9] ARolls Al FENOE oEHZ 1
T Ashs Aolle 7915 71&0doF ehal skgit

02 gAIE7 HHo 2= AU e 78F HH(Scenario-based approach)©] 3L
=, o= A% AU E AMdet & AlEdeld Akke d¥skal 11 AXE S
AT F FA5K= Ao tHeHE 2011). A& &0, 2A18(2020), 494 2)(2021)=
54 oxkg} AFFE AU 0] 7|HkE ol AP ATE SIS
H(2012)2 FEERE AU 7)HF 1S S5t F A BES 2-8ste] e
oI 1By SRR A71A AP ot EAT S At AR g
2] &8 7] 4 MEAdo] BlAT S50 585 Sl ol tisiie AluE] etk
2 7Fi7t o 58 4 U

Copula 2¥2 T8} E3 RopollA YAl A= 991 719] odwhs] Ad& 1L
gfsto] SEREE BYIlol= 71 5 stttk &8 &obollAl A2 A/d2H2003)
1A 8 JA FAES oHF (IEE HPSoks AEE SIS, 7t
(2004) 4189130l =S AMiE 7o) A9t H=9fE ol ZEE HYPSIsIoich
AP E Y] FopollA] ofal 91(2013)2F Y 2J(2014)= F AR APl AH <
BEYE FE Trr BYPSelal FHlES ARESialeH, Axd 2(2014)= A71el
tfslo] F5FH0] 7Heial AR AL K13S EA5ISITh BHH, &sfjH ] FopojlA] 2%
3] 9J(2013)= 75 et A5, F FEHSY] S ZETE ol8sto] BE3lst

1 %0 7HAS AAson, EHQ019S A Q1% 5 Tsiole] 91
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HHIBT MU IS

< &745l7] flote] FETGE ARESIAITE THH AR FZollA Bhet-$/95(2019)=
FET} E ol-85to] &S RHIS & Y] AR A RS ARSI

HIRA ZEZ Qo] wt BE|Ad o] HAFE 7T &/ 27t &= =l
T E6haL A7) dEolAle oA AIRFARI g Ele] FEGE A oA RE Y
Sk dloll AREsISitkE AolA Ao AP EARIGE dlE E01, BHY &R o
(Elliptical Copula)z]l &3k= 7F-A1Qt FEEHGaussian Copula)H t-FEZ= 18]
F20] S AU 4 glom, of27Wtiqt FET= o F 9] Bapvto s 11 o
3S o A 271828 7(2019)3 ARG 2120160 L+ 73 ©l2] Tttt
FET} Y55 HAES] B 519tk o]Z A ME2 02 tho|Agtd ey IE Y
of27HtjQt FEeH Archimedean Copula) HA], Vine Copulas oJ& 22 S 4 &
A5k Zy A vkedak 4= 1Y) Wl Eof(Kurowicka and Joe 2010), 18 3-ojjA 2 A
o= thAT FrREu BrERE el 22 ARk L& 7HE A8 g 2E S o
21 Vine Copula® ol-&ste] EEH Afo|9] oS ngsfslarat gtk

Ao E 4AEsh] QoM EESEE &UERE 7] &S wHER Vine
Copula THAT &3 HgE Al & 11 &S FEEAIR Fototo] Uehd o
= FYAI=wrt "Q5K}; Nappo and Spizzichino(2009), Embrechts and
Puccetti(2006) ¥ Cousin and Bernardino(2013)= thizo] tist glAg=2x = 5}
LRl thAs VaRE AOlsiqit). ol24 0% v VaRe FAMEIA 02H BARES
b= 7]&0] @ VaRe| Aol dAFolA (d-DAM AAIE Z2b= this glos &4
Ngo g gojdrt. AHAog= 11 A F2olA VaRe| AJ3tgkdt shetghs Aot
F, AlEde)dS B0l 1 AAS &3 BESERE 1 VaRgS 24 o 2 A
TolA= g S EFAL AA| S-S RO = 11, o]F EY|E HHE &5 B2

NS 53 7, o] FEE AETolARt HES o]8sto] 2F2A o8 thHT VaRgke
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Vine Copula Eod()“ 7| EI_ _eoHEo-l |-0| aHOH Eolﬂlj _Z'i m

et S 3tk A4oAl= Vine Copula B3 0185t 9)& 128 Brielal
AEHo)dE 5 T VaRE AHESt §- o1& T VaRe} Hlarsio] 43 vlx]
g A5 gollAe £ 7] 8 W8S 2okt A B ¥ AT AR

1 AollAl= ESfE AL A By FES ASAREY, AREE, 7R, Rl
, 0] 4719] FEOo & RS, Y] By F5 £ojdo] 913o] izt vhisr 2dE RS
T2} gk, ohsk AgHEEE Copula $=E o]-85to] HPskal 5= It Cherubini et
al. 2004). Copula 232 ST 110] &S AdR A2 HHgslo] oE 125
W W5=0] SRERel Hefolo] EAF 4= itk Aol itk I FolAE Vine
Copulats BE 719] o&/do] B4 9ol &xpd o g 1 o9&y Fx3lolo] 34
7FssHAl dh= 57l qdrt.

i)

1. Vine Copula

o

s}
2] o]2o] HPGEAHSchweizer 1991). Sklar F2]= CopulaZl ZgEETRI] O]
AHEEIGT} FHARET ST S FoAH T Copula® €4 7Fssh, 1384
HEE o= Y3 5 Copula® EE 7Fsdth= Zlo|tiJaworski et al. 2010). 2

FRIEIAF Fla,y) = C(F (2), Fy(y)E 2 TALEZL} Copula T 2 &
gJsto], A=t Copulatte] X & ¥V Ato]9] Z3H(Association)s A= 847} Hrt
% Copula= FE HAE=(i= 7 ) ZF SHARES] S 2 Feet 2ot
2, FErE 5o 2R E HHcks IRkl B0 R & s RS &
At o]H3t o]FE Copular &3 (Dependence function)gtal E&7]% it}
wEbA] AR SES SHIFEEER B30k FE4 18-S Copulad] &3 o4

A2

-

Copula® 19599 Sklar(1959)7F Copula®l] i3t F9] U EAS



ojgtal =7k jitt.

Joe(1996)+= Copula % 3F1Q! Vine CopulaE A20= AL, Bedford and
Cooke(2002)2 ol& AlZsksto] Aottt Vine Copulats 4§ Copula 7-%(Pair
Copula Construction; ©J5}, ‘PCC 2} $hE = Bt o] ¥4 7o) Exlst o4
= FAskL 34 7FssHA WHgst] fiote] dolo] WHES 215 Y W Jow
Eofloto] A% B2 E wdyoly]| mjEo|tiTagasovska et al. 2019). Vine Copula &
B9 44 o]&2 Aas et al.(2009) 501l 23f 7iEt=o] & LA k. 71E9] v
& CopulaZt #329] 47 He] i o] o) 25 Whgsfof sh= &6 HlolE ]l
Z-gah= dlofl eA7F 9| WA, Vine Copula® PCC 2@ 2838 of building
blockO & ARES 4= Qli= o]/ Copulal] Algte] i}, wehA] thAsF £322} Copula
£ o F s 8 4= AL 1™ 9moflA] Vine CopulaZt sl & 4= Q1
oF. 9hH, 9] /o] H5T 4= lth= ©ol Atk

Vine Copula©4] thi= £35S £oiet t= thig U 38 207 2359

FHo=Z AHsto] Edl(Recursive decomposition)8t}. 48 Copula £3ll(Pair Copula

T

.

Decomposition; ©[8}, ‘PCD’'gt 8h= W< 4, 4,4y, -, 4, 2] S WEg= f.of oist
Addees 208 Exds Flale,, o2 )% Flole,, o x, )0 Higt %

Copula W= ¢, 5, (- )2 Edfsks 2 L9tk PCD= FEUHH(Vine
tree) VAT HEE= BYF fle FAHES 7, d49 AE U(Nested
trees)2] YA =E A58 4= i}, IR E T 7IA 2 UHEH|, Drawable Vine tree
(oI5, ‘D-Vine tree'gt ghe= B HAHEO] 1704 2709 AZ24S 7HA|1, Canonical
Vine tree(°]3}, ‘C-Vine tree' 2t )= S HAH sh7t 2] A4S 7= +
zolr}. & ALollA= Bedford®?} Cookeo] ATt D-Vine trees ARESITY.

AREAEY, YRS, A7 HY, AT 7+ F5(i)2] Esj A sl SEHS
O] =SS o, 2L ofal ZZto]| it i SEUEg Tt f (o) 2l oA} ohHsF 2

s
—(;)—:]"E“_@"/l\‘ f(up Ugy Ugy Uy )’11__;. Q“% él (1)37’]’ {:}‘0] Z‘l% —/l\‘ 9,1]_4'

f(xp Loy T3, $4) = fi (xl)fQ ($2)f3 (x3)f4(a:4)0(u1, Ugs Uz, U4)~ 1)



Vine Copula 2801 7|uiet 2afsiaintol £510) S2RIAT 5%

A7|A w; = F ;)= SHF Bxg=old, Cluy, uy, ug, uy) = 4214 Copula &
5 9ulgit}. o] Copula = C-Vine ZE2HE, D-Vine IEeho| wet 22 ok
< 4 (22 4] (3) o= FEEh

C(ul’ Uy, Ug, U4) = Cp (Up Uo )613(u1’ U3)C14 (Ulv U4) 2
X Cospy (U2\1v Uy )CQ4II (u2|1, U4|1)

X Caq19 (Ug)19s Ugpa)s

O(u17 Ugy Ug,y U4) = 012 (Ula UQ)C'Q:; (Uza U3)034 (uga U4) (3)
X Crapy (g gy ) Coypz (g, tyg3)
X Cl4\23<“1\237“4|23>'

A7IA wy; = EU (zz;) e 205 d¥zF F3x35o[cth. Vine Copula: B M
Copula®} HEA| H4E sP42] Y&4122 Ajlohks Zo] ofe}, & M| olE x5 1
et & Ao R Aok M40 W 7o) 94 RHgeit) o] C-Vine Copula
9} D-Vine Copula®] W= Z¥2} (Figure 1)9] 945 19, Q22 T8y} gt

(Figure 1) Tree structure of C-Vine Copula (left) and D-Vine Copula (right)

~ 0096

Tree, ‘ €10 | | Ca3 ‘ | €34 |

Tree b= = Tree
3 3
Tree, Treey
C-Vine Copula D-Vine Copula

D-Vine treel= ¥14:9] 747k 79 W, Zkzke] 27— 17)01A] He) 249] o
A ZHerh 2oIAE This VaR SISES ol8sle] AHHS Z4she WHEe



EYISUT M4 A&
2. CHH VaR

Q]
=

rE

rr

F VaRe 574 A=5E cof tioto] L7171 5912 Fof £A47FsH(the worst
loss)S QJulgtcHJorion 2006). F2450] a(=1—c¢)¥ f ojd XTEE| 7} 714
I = £AMY] VaRe the 4] (492} 2ol FolEtHByun and Song 2021).

P(Loss of Portforlio < VaR)=1—a = c. 4

7IR)9] SFERE TolA B thaat At sig ZEET Q9] 71A|of It SEERE
T G QU0 T FEREFRE f(w) Al 5k AR collA] WU REE L
O] 74 @2 71X — W3l VaRes TS 4] (5)5 WE3i 2 VaRe 714 B29] B9
ZQuantile)o]ct.

c= /joW*f(w )dw. 5)

UHTF VaRe ZEETQ 79 992 ot eAte e 4= Qlo g AHaolei=
o] it} ey ANy BEEA) TEEZE]| 0 ofg HAFE T= off] JES =
StEE, ol2et T T EHO] VaRE T S5 &9 tigt VaR=E URtsket d
87} i

Nappo and Spizzichino(2009)2} Embrechts and Puccetti(2006)= 455k VaR
£ AASIT AgetEUrget O JEFRE MY R [0, 1004 Hod Gof
G= 247 FAE o, o] ¥PHL thHek 513K Lower-Orthant; ©lsh, ‘LO’ 2 H)-VaRQl

VaR (G)9} bz 33K Upper-Orthant; ©I3}, ‘UO'2 $D-VaRel VaR, (G)E 2+
ZF o A 0), (D= o3t

VaR (G) = o{z€R’: G(z)2 o, ©)
VaR,(G) = o{z€R": G(z)2 1-a}. @)



Vine Copula 0] 7[H5t AcHEAS| &51l Saf2lAT =Y m

ol f z € RO 0.4 K3 A 9] BAS olnjgict. $1o] Holof whet Akkel chizk

VaRE2 3P| gho] obde} 240 sigdhe Aol AAEol7] wizel, 244 ol
O] 7% AN F7HY] VaRghke 2h=t. ol siaAe] Golatat 2ddolzhe 71&

O] Y VaR 9 = REAIXITH

T1#)A4 Cousin and Bernardino(2013)= R 9] 3t Al z, = max{z, 0} 59
A gy st 9{zeR?: G(z) 2 o} 9 o9{z€R?: Glz)2 1—-a} S U=
Re 09) 27 FAgto R she] thile VaRE HoJshs WS AXIstct 7A1H
o= welA of WL The} Ptk REPS Fob 1 AEES FE AHE Qo)
X = (X}, -, X))o g §95F oM Lla) = {z=R]: F(z)> a}olxL
L) == {z €R} : Flz) < 1-a} 2 v, o] L LO-VaR9} UO-VaRS 27} o}
2 4] (8), (9= Holshet,

B

ot

VaR (X):= EXIXE 0L(a)] = (EXXE oL(a)], ©®)
(E[dei e aga)J
VaR,(X) == EXIXEoL(a)] = {E[Xlx =S aZ(a)]J. )

ElX,X € 0L(a)]

ek o FREZSE: U FJFFRA(egularity  condition)DS  WEESHH

oL(e) = {z€R}: Flz)=a}lE o S|4 F9 gtolar
oL(a) = {z ERL : Flz) = 1-a}E (1—a) $20042] 72| Fgo] €} o] 7
%, 12 TR VaRel ditt 94 (8), (9E 44 ths 4 (10), (1) o] Apgerd
% 9t
VaR (X) = EXIFy(X) = a] = [E[Xlﬁ(x) = a}j, (10)
EX)F(X) = o]
1) BHEDL Flay, -+, 2,)7F RE/ (0, +,0) 004 F7FeRe polT i = 1, -+, do] disto]

E(X) < o Wi QU]@'Q'(Cousin and Bernardino 2013).
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VaR,(X) = EXIFy(X) =1 al = [E[Xlz_@((x) =1- alj. 1

E[Xd\?X(X) =1—a]

E5] i VaRE AFZH 0= AEsh| Yeiie tha AlEdeld IS =333tk
Feller®] Limit procedure(Feller 1966)E #-&3l1l AR 859 FHXE AlEH0]
Aspd, 4 (10), (11l Z+ iol diste] ol 4] (12), (13)°] "cKCousin and

Bernardino 2013).

EX|Fy(X) = al =limE[X|a < Fy(X) < at+1/el, (12)

€— o

EIX|Fy(X)=1—a]l=limE[X|1—a—1/e< F¢(X)< 1—al. (13)

€= 00

L
ol
rlu

A € > 0 A WSS FES| 2 2 AT F, Aol AT thie &

2

BN
4z

FOorKE AEH AT A
VaRo[t}. &, eo] ALLE sg 20 WES
olele] 07 ME BFeto] e EPISE = ek o AlPgelds AsAEY

(X7), LEEEH(X,), A7EA(X;), /N XS] EE ESjHEEHS X))ol thsto
kol|4] Z3tAI7] Vine Copula BF O ZHE] k7S A Edo]Adsly, AlEdo]d MEa

B Monte-Carlo 327} Al&do] A thisk
He AlEEoldgto] HojAug, Fadt

HE ok VaRE 793t

Il Xz o 7= 24

E A= HIEA XS] AH| A(Insurance Statistics Consumer Service; INcos)”}
Alsh=(E37E 2022) 20109 11€5E 20209 11€7k4] 1067F AA| £s|=F
ALS] A L &3 ArE ARSRITE EE ESjHE HEA LR Aok A ot
9] ¢ WY& HlolElE oulsl=t, Y sARE SIS = HEY
A=AFAIGAIRIONA et FAlof o8l Se-a=Hol B718 & A&k JFEIlA
S 7jzoz gt of 1 Y olule] 2L Shiol BAUE oIy Axve



Vine Copula Eod()“ 7| EI_ _eoHEo-l |-0| aHOH Eolﬂlj _Z'i m

gl gho 2 AlZ=]7] Wfgol, Aha} g F2zke] RlolE Frote] Fd L Hgts
gt} 123 BEBARIAH| A A Eojd] H7|H97F A ARl £ =Rk
Ex19] gol3t o]siZ 5to] wint A(106KRW) E+= 410] A(109KRW) TR 25t
Epdfich
717te] 1091<1 7] ©lojejo|ng, e &5 dlojejofjA] 7} WE-2] IS AlAT
o} EAAY AHAE7HA4(Consumer Price Index; ©|5}, ‘CPI'E} $HE AF_S
2015919 CPIE 7|%02 7} 9] BVl wigaiA 9 oS 2430t e
=01, BAR A A=< 2015 AHAEZIASE 100012k & v, 20209 1149 CPI
£ 105.45°]t}. 20209 11€¥€9] 7F5A1E 12 AAsHH, 201599 7HSA1E 9F 1.0545
= slo] 20159 Y &l FohaE o 2H BV 9] AlolE A A
BABARIA AL HA LR Al the] 71 Y Eaio HloEE SH, s, &
A5 B, 71%, A9, Aol $8 7IEES, EY, SRy, A7), ARldE, HAR

3, AR, AR R BRslol BTk o] F HlEo] lulgt RaARle A
sk w3k E e Paid 9120207) B BY B3} Bl FBOR 15ai ¥
ARy 9 AUAAGE A 7IkoR Bokg ) Anst Bedsine, i FEES A

2 A2tk £ A7 Yol BY 52 AARY, QY A718E, A

o] 47¢] FEOR HESh|, o] HRE BHATA] EolRY B /RN

9] 202018 THEL. of7]4] QuREHE ARA O BH, o, 83, 71%, A, A,
3, 7|etsE, Ael, sheldngos Taur,

BN WA 7144 AREAS SH SF SHT019)E TR T Lol

BAY SR, SHIRE, ALY, AU P Eofole] 21E Hsto] 7144

0
r°l'

AREAE SHSHON, 2 oA Lsfole] 215 Fele] BAjalc), AukHoR FE
A ) 0] w7, Eofole] 212 Heke A dolHel AT Ik
(Table 1) B#EH2 21daoi(0]5, “Eajoy ofet gl Thet 7125 A%E Lt

Wiet AR slsh 4718, AeldR) 49, Lo BEAA} e e Aow
sol @z sfelo] uliA st &t A WOl BES 27 HoliA) ghe

= &= Uk v, oM, sV, A, A S ofF S5 Edtke SRS A &
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(Table 1) Descriptive statistics of monthly log-losses from four lines of businesses
(unit: log(10°KRW) for min, median, max, mean, and SD)

Line of 1\ | Median | Max | Mean | SD" | cv? | Skew~ | Excess
business ness kurtosis

Cars 6.614 | 6.941 7.300 | 6.957 | 0.131 0.019 | 0.152 -0.448
General | 4.991 6.087 7.029 | 6.092 | 0.322 | 0.053 0.000 1.107
Long
Term
Annuity | 5.522 | 5.925 6.217 5902 | 0.122 | 0.021 | -0.377 0.483

Notes: 1) Standard deviation.
2) Coefficient of variation.

7.663 | 8.143 | 8282 | 8.099 | 0.137 | 0.017 | -1.462 | 1.645

Hr=(Skewness)qi= 2| HIHHE=E Hetll= ARE2H, 1 o] 352 B¢ 9%L
2 FEE B2E 7PAA HolEe] F4o] BF%0 s A9 I B¢ LEXKoR
FEE IS 7HAA HlolE Q] F4o] fFo ' 2|9-A RSk 2& Jr|Ritt (Table
Do By S5E s SHOE 250 Z2E HuHd, AFAEY] F9- 08
% wet FER P, LREF 9 FHe oY, AR AAATY] B 9Fe
2 WL FEE FHE ERArh A Eef, 2Rt vl wsiyl w AFs Ak A
S A=t o A0, ARk o] Fe- Frert A9 Zar, 7 EEHT AAATY] B A
=7hH At

H=(Kurtosis)= 20| FFEE Hehlle AE2H, 1 glo] 300 7R3 s
ofl 7P4aL, 35T S s Fo] BESHL Hej7h gk fazo]w, 3K} 2o,
H AR ET S SRSt 1ejt 4uket B g eI (Table 1)9] 29Hd%E
(Excess kurtosis)& A&, AFgAE AT} 7HAAT2] B¢ 2L N FFHTE

7F AEEet 27 Ape|UA] b= Wi AHtET 7| He o] B SYUT I B2

SHH, B e A 240] oA flen e HYFE 7t oy 2o of

3 AwE davt Stk ofF BEe S5 &S Aelel Vied datle gl
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tau(Kendall's tau)@@ 710 E23(Chi-plot)& Bl £4T 4= it o] &2 3 Eofof
A TR ZF=0] Ao st 225 YER7] Yol 55 ARS-HTHCherubini 2004).
(Table 2)= B3 ZEE Ajo|9] AL tauikS YERATE 70AES AQst 25,

= AFARY, DAY, PIRFS AR HD ABBAS 7 W, AjIdEs
B B 2 209 ATWAS s RS B 4 Ut AIFE wTPE I
o 9 7RE AN AFalr] 919 Feke A4 i A49E 42 ) e

)
o,

of, e BRI o] WOl AKLIET) WHH(IEAEE, 3718E)

F2 e Ao HHT 5 ek

(Table 2) Kendall's tau coefficients between four insurance lines’ monthly
log-losses and their p—values (in parenthesis)

ng gl Cars General LongTerm Annuity
business

Cars 1 0.3408 0.6325 -0.1928

(0.0001) (0.0001) (0.0017)

General ~ 1 0.3430 -0.0212

(€0.0001) (0.7301)

~ _ -0.1603

LongTerm 1 (0.0091)
Annuity - - - 1

ALY tau ghol
2 IAS Nz o g YeRd) (Figure 2)= Y| 7F
T}, 7lo|E20] 7fE &l AL 231

B, A7 ghe 2 W9l SOk 2 ghEe] TR0l 4k Wl F9lurt
22 Zke) 310]ckFisher and Switzer 1985). AlR%31 y = 72%0] dlole] Aol
o] T 4 71 S UERick. T 47} o] 4Tho] ke mhs o] g2, 29
o] ke T 9] g gtk BEX|To] e oz 0 7o £t
(v = 0) 3 014 = 97} S oleka shE 4+ QIeKah gt $45 2019).
(Figure 2)0] Lhehll B 35 719] 7ol SRL A, AFAE G F7]2F 4

ol TR el

Hel S5 9] e 9 Ao R Ueiis

BEgksol FHH

SHEAE

B2 SYrERE 7L B

2] 3] &5

R, 71olE%
= o1 7]'4 7]0]2)\& qu*r‘
V2R A2l e

A £3] F950] 7Phe A
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ol ¥ 52 & 4 AUt ASAE AT ARtEY Afo], URIEAT A7) HY Afol= HiF-
w9 Hlolg oA (=1 < A < 1) FH AHBAE 7Y, EF A = —1
E= A= 1)9] SHARL HolH = EAste] BlAdgH AAEAE 7RI 2L 9ol 7
T B HASE IH AR B5gke] A0l we o g, 29 A 22
A WAV EAE BES HAn A€ S0, ARSAEAT I, A71EE

AQIAF Ao] & A9, AL B2z TIAE EYHQ BAS 52 Hole] S5

(Figure 2) Chi-plot of log-losses between different insurance lines. A (horizontal
axis) is the lambda-statistics and x (vertical axis) is the chi-statistics

Cars & General Cars & LongTerm Cars & Annuity
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IV. Vine Copula £l 29| CHHZF VaR E4

1. e FHEL X

o

£ Hojx= A 47] BE 50| L &5 FHEE(Marginal distribution)©]l o
stof ohfst ey BEPE ZN(fi X1t (Table 3)-2 7+ By F50f| tfsf Weibull,
normal, log-normal, gamma, logistic, normal-inverse Gaussian w*%& 235}
T3t AIC(Akaike Information Criterion)#t 232 YeRATE AICY] gfo] Z25E 9
3 2o Aert otrial AT 4 Sl 24 B SEER 7P Aet 2ERg
< o Fell F2 A= eI

ofl

(Table 3) AICs of models fitted to four marginal distributions of the following
insurance lines: Cars, General, LongTerm, and Annuity, respectively. The
numbers in bold indicate the best-fit distribution model

Distribution Cars General LongTerm Annuity
Weibull 1559.06 1573.92 1777.23 1274.57
Normal 1543.57 1572.60 1803.58 1263.03

Log-normal 1538.58 1546.38 1824.83 1265.55
Gamma 1539.66 1549.60 1817.12 1264.04
Logistic 1547.61 1556.43 1795.72 1261.75

NIG 1541.81 1544.55 1773.66

(Figure 3y 7} B9 $80] 22 AgEuo] et Q-Q H£S Lrehiir, AICHo]
7V Ape Baro] thsto] Y Bme} A3 AL duh} APIEAIS Az O HolE
o} 47159S Al AR O A FEe] et Aol APwrt we
Holr], Qb v} Ffeleise] 49 AFHEst Wol Al F7bo] U EAfakct,
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(Figure 3) Q-Q plot of fitted marginal models

Cars General
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2. C{tH2F D-Vine Copula & Xt

4709 B9 FE(1: ASAEY, 20 GREEY, 3: A7EY, 4 /HIA) Q] ths S
< D-Vine Copula®l] Z§3t 235 (Table 4)9} (Figure 4)°f YERHILE. C-Vine
Copula®] ¢ #2]==(Root node)°]] T2 LE HAFES AZ A2 &S 71
= TEEA, s AdEE HAFSES SA R B HESEEO] o& 7T AT
HhH, D-Vine Copula®] 749- 3 A2 ol 2719 ABAEE 7= 7224, B 1
AZE=O] 17l 2719t HEFET 7= ofE 727 AT SoiE AR HS=
S°0] M= F55H FEsle] EREERE, B4 HdSES $YAoR AHsk= C-Vine
Copula Z@HT} B BASES 55514 B3z D-Vine Copula 230| HFEFE=2]
OJEALzo| ¢ Agoltt. &% A3} A] R package ‘CDVineCopulaConditional & At
gold, g #FIxe] Hio] wEiBevacqua 2017a) WHFRE= BIC(Bayesian
Information Criterion), % Copula 7-%+= AIC(Akaike Information Criterion)& 7%

o7 AESt
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(Table 4) Fitted results of D-Vine Copula models for multivariate log-losses

Tree Edge Copula family Parameter1 Parameter2 Tau
1 3,4 t -0.33 2.00 -0.21
1,3 BB8 6.00 0.81 0.61

5 2,1 t 0.52 2.85 0.35
1,4;3 F -0.31 0.00 -0.03
2,3;1 SBB8 1.86 0.82 0.19
3 2,4,1,3 Tawn2_270 -20.00 0.03 -0.03

(Figure 4) Tree structure of D-Vine Copula models fitted to multivariate

log-losses
Lo ng
e L. M
BB8
Tree, €13 034
| I |
SBB8 E
T?"883 €231 C1413
T?"8€4_ Tawn2 270
C24113
D-Vine Copula

(Table 5)+= & 1217 €%=2] <=5l Hlo|ejof| thsf| 5-fold cross validations 43
5o A2 D-Vine Copula 2E9] 2215 Uepditt. B 372 g 2] H/dE eRish|
Lol Aol W © 2= HdAlEL2*HRoot Mean Square Error; ©|5}, ‘RMSE &}
3He} HHAFAAI 22xHRoot Mean Square Relative Error; ©|5}, ‘RMSRE & $H7} £
ARttt RMSE g4 2H9 o529k AR Y 2lolE e v 2 ARSSh= A3 Bt
HESHE 9 2022), HlolEo] o gAI7F EASHAY A1) 29| vt R /o] AT 7
-+ RMSRE #k2 7|REe2 3= oS e ARSI A 2 2] 2015). HFAIZ1 D-Vine
Copula 23] RMSRE= 0.20~0.35 At0]9] g5 7HAM, 2@ 9 diSgke] vlsh Ah4]
o7 A7} A ¢t} o]7|ARE] Copula: EWHSH Aol ¢l 3 D-Vine CopulaZ
oufsh= A0 gt
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(Table 5) 5-fold cross validation results of D-Vine Copula model
(unit: 109KRW except for RMSRE)

o Data set
Statistic
1-fold 2-fold 3-fold 4—fold 5-fold

Mean of
predicted 1146.29 1281.39 1327.11 1362.57 1329.59
values

Mean of 107907 | 126036 | 134618 | 148665 | 135491

actual values

RMSEY 155.53 214.76 147.27 334.51 249.52
RMSRE? 0.30 0.20 0.21 0.35 0.27

Notes: 1) Root mean square error.
2) Root mean square relative error.

=

Bevacqua et al.(2017b)9] ¥ag}ES wt oh¥i=F D-Vine Copula ZPCE2HE
1,000,000719] SEF (uy, uy, ug, uy ) E TH FEITE AFEE o= {0.95, 0.99,
0.995} & st AtE A7gsto] EAohH, QoA B2 (uy, uy, uy, u,) AlEHCIA
w5 AR A=) AARE 22D 9ol sigohs thHE SEH] guks
E30}. thHEF VaR AARS] 24 e 0.1%p= A4, £ Atollxe LO-VaRe}
UO-VaR & LO-VaRE o]-83lth.

U VaRE F45P7] Hdide 24Xl Copula o2 HE ol8Rith
(Table 6)°14 (Table 8)7I*x= 22} A=< 0.95, 0.99, 0.9950014 743t 7iE &
& 2329] VaRgl(elsl, ‘uVaR o]z} ehat HEFE 719] o2 aleislo] AR=%t v
& Copula AlEd|0]149] VaR #EZHOIs} ‘mVaR ol2} D& B SHEE Yepdch
7} 3of] LA mVaR @42 A= AR Q3RS Woll &3t Alue] e ghE2] Bt
(Mean) = £95(Median) 02 MESISHe] 282 mVaR_mean, mVaR_median

o= yERfglct.
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(Table 6) VaR estimates from a univariate VaR model (uVaR) and two
multivariate Copula VaR models (mVaR_mean and mVaR_median) with a 95%

confidence level
(unit: 10°KRW)

VaR estimate
Type of VaR
Cars General LongTerm Annuity
uVaR 1302.664 749.355 3848.675 441.065
mVaR_mean 1426.871 914.615 3998.578 481.750
mVaR_median 1430.612 887.427 3992.519 475.720

(Table 7) VaR estimates from a univariate VaR model (uVaR) and two
multivariate Copula VaR models (mVaR_mean and mVaR_median) with a 99%
confidence level

(unit: 10°KRW)

VaR estimate
Type of VaR Cars General LongTerm Annuity
uVaR 1424.010 932.440 4001.203 481.577
mVaR_mean 1573.784 1171.454 4105.854 516.927
mVaR_median 1556.861 1151.494 4099.413 510.319

(Table 8) VaR estimates from a univariate VaR model (uVaR) and two

multivariate Copula VaR models (mVaR_mean and mVaR_median) with a 99.5%
confidence level
(unit: 10°KRW)

VaR estimate
Type of VaR :
Cars General LongTerm Annuity
uVaR 1471.205 1010.122 4052.234 498.712
mVaR_mean 1589.007 1213.293 4159.653 542.861
mVaR_median 1586.399 1176.504 4147.861 537.957
(Figure 5)= Zt AIZI5<E ¢, {0.95, 0.99, 0.9951014 &78% Y] 7H4] Y F&52

mVaR%} uVaR Afo]9] Ajol&
9, P VaR A=)

st o2 HojErh A2 0= WolAH, 4lg|a
HEZ JiE AR VaRel Vine Copulag o]-83F thHEF VaR

ZFe] Aol(‘mVaR - uVaR)E AABH}. oA & 4= Q= AR AH), AE452d,
ASpEEE OEAS Tt el A5 ghat ek Qe SATL gk Alolo] Wk Kol
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7F AT AQld, Ao E wokbd 471 HESE BFolA B HelEdEate] of
/9S HHdet Q] thT VaR AlEdle] Ao g 4RERt gi{mVaR)e] 718 VaR(uVaR)
Hoh ¢ 52 f23%S AXRTHmVaR-uVaR7b 2 3 7. Cousin and
Bernardino= thi&F LO-VaRQl mVaR7} uVaREtH § B-AQ(H )& HoFds=
g, ole}t getdol = Axtolnt.

A, AFAEY, dEEY, FA7|HE ol vl 7HlAF] A=HE Aol
(mVaR-uVaR)7} &t} SpA[gt o= 7iQldae] &89 7] AA7F 22 Zo)A vl
AL &= Qlet. A, thHs VaRe] 74 AR R P AR dIAIZ AlG
e 9 =942 5F thHFF VaR(mVaR _median)7l Hd#o= 5+ chdz
VaR(mVaR_mean)2th uVaRete] Zfo|7} o At} dutzo g gt SAFE S9E
O =)o B 2 S 7] gEQ] Ao g Held,

ook
1o
th

(Figure 5) Difference between mVaR_mean and uVaR (‘copu.mean - indiv’) &
difference between mVaR_median and uVaR (‘copu.median - indiv’), all of
which are evaluated for the following aggregated lines of businesses (c is a
significance level): Cars, General, LongTerm, and Annuity.

(unit: 10°KRW)

120
|

150

100
1

100
80
1

M copu.mean - indiv W copu.mean - indiv
O copu.median - indiv O copu.median - indiv

= |
&
B copu.mean - indiv
O copu.median - indiv
o

Cars  General LongTerm Annuity Cars  General LongTerm Annuity Cars  General LongTerm Annuity

c = 0.95% c = 0.99% ¢ = 0.995%
Note: Blue bar represents the value of ‘Copula VaR (mean) - individual VaR (.e.,
‘mVaR_mean - uVaR’). Gray bar represents the value of ‘Copula VaR (median) -
individual VaR’ (i.e., ‘mVaR_median - uVaR’).
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(Table 92} (Figure 6)+= Y| HHEES 5 -2 A4 £5H9] VaRE H7IRt 23t
E AR Uehdth H|nE ffsto] EA-FEAE VaR(elst, ‘VCovVaR o2t 3hE
F7Fq o= wrfsto] Uehfigliet], o] WAl thigk Eofjie] Exrt AiEns wEct
7P o st HPHo e of7]A] TR 4 Qe AR thaat 2t 3, Copula
mygos 7b B9l o FxE WSt s VaRe] BiEAd ER9 gHelst
‘AmVaR °[g} 9h)o] 7F F31, RS PR 244 VaR Uil VCovVaR2] o]
7P Ak, 7 BRFERS] &afd 7 S 1efehA] 2l 7 VaRghs Tt 2
B9] ZHelsl, ‘SuVaR ol 32 AR 11 & Afe]9] A71E 2=t BA, F2 A=
(95%)°1 vl = A12]=(99.5%)0lA WHEE AnHE9] A7t ATt A, AlEo]
59| SR ARET TS VaR 4RHelsE ‘AmVaR_median’ ]2}t $HE ot B9
CHAZF VaR H4kgHels}, "AmVaR_mean'©]2} 3ho] tha Fth ofi= H2lEar} -59f of
ot FELR WS 7HE Frefgith

olF TYoHH, ¥ RBCY VCovVaR AR AR A S HAB7H 7154
o] 9lom, thizk 513t AmVaR WHAjo] tha B4 0 2 =7 913 245 qt A4 9
EZ2E ¢ & WolE R ol HIF QA 12T P eUt Qe AR

I
-

Hd

(Table 9) Aggregated risk differed by risk measures
(unit: 10°KRW)

: Aggregated Aggregated
Cardece | ST | S | Conis o by | Copie Ve o
VaR (SuVaR) (VCowVaR) (AmVaR_mean) (AmVaR_median)
95% 6311.206 6324.298 6821.814 6786.278
99% 6881.290 6533.849 7368.019 7318.087
99.5% 7124.671 6675.437 7504.814 7448.721

olgfet A= HATE It HIAFH 4TS AT 5 U= AmVaR7F 58S 7
Zgoh= SuVaRou A3 4 S 7Pgohe EA-3EAE VCovVaR B 8HS
o] =7 B7RIE e Hojert 2 d-tollA ARESt Vine Copula B30 Ao}
A2 A Alekol] Fol%hs VCovVaR BT ¥ 719 o) 12E T {dsHA|

r+



HIoIZ 4= QIeRe oA AR BRI o shgekn B % gk webd] 4RHo B
Ak BULYATE ZHT W, A7} 83K A A 7 JTA] thol A0,

2 4] ofele HTHEE 7150] 287 5e} Vine Copuladh 2°] & © 49 2
W2 ugo R et HEH Y A0S AT Bavt ok

(Figure 6) Risk aggregated by different risk measures with the following three
significance levels: 95%, 99%, and 99.5% (from left to right). Horizontal axis is
a significance level and vertical axis is aggregate risk

(unit: 10°KRW)
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EgeAa Wrlolat 974 RBC 29 BRSIAY ZHXIet weide] Qld(@.

#4014 2015), RBC Hl&] Beela B7loo] ufe} gepx)7] wiolch, Aaels
oM B FE 2lAT 710 oEAS Wi ) st TS 7Pgel] W] S

o] mHERE FSotA BH7Iol7] olfth= AI™o] Atk A& 0], o3 =A4E
(2012)7 4=+ 0]4-8(2015)2 RBC HE AF& A] 39 HE71o] AP A AAS 71
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S} Pearson AHAIGREE S 0]-835to] RBCEES A3t} K-1CS #ER P9 F= A
Fog7|EFAoM EHAFHNS AET o, S QRS AES & AR S

AT o 2 SEI9IR 2He] AR S RHgste] IRt (a8 2021).

Vine Copula 2&0]| 7|8tk

%)

H

A3t JEARE ATH o R B £ Zo] §I7] wiZol|, AR EAfcks HEARE vt
o= thpo] HFE 7o) &S 4gs] dlelsto] B AaE HAYY Qv
Bolut IFRS17 3A7IElA AL
ojAY HFA] tiflAl e d

THAIS] sk Qlsf HARe] SRk A SAof tigt ¥l IR EAL = AolA
ZlAF 7Ho] ARAAES 13T 4= )= Copula @2 A& o2 J-8351t} Copula &
S5 o]8sto] F8 A HHTAE ST A 7120] EAH, £l EFAL &5

Hojl Copula HFE& AL 4= 15 Jo]3lct. o]F3]-o]g€(2017)°] Vine
Copula® ol-&sto] 237} FH F2o] A Ad, A8e|Ad, FPRATE FAlshe

AT-E YL v7F 71 S BES ol et A7t of T 73] HlolElE AR

‘ﬁ
=
N
ol
jﬂ

|

Ol

e

£ A7 522 Copula IE 8ol B = 719] 924 S 7|1E AP+
o o fdoHA et EojEEANe] & B AT ES thHRF VaRE B9l £79)
Zolt. whA £ajEEAre] 1087 € 51 Ho]E|2 Vine Copula 28-S 37d5t
o] g2k, Guk, A7), /HAAF 5 719] o9& PR E melet &, AlgHol4de Bl 4
7129] o= VaRE Brbelolch 1 Ad, B BEEEIe] 9g24e nEd
Copula 2@ VaR7} 218J51A] 932 /R VaREE 31, E3] 71AF0] H]s) A5
AEY, e, 7|2 9] Aol i o= AkEHPHE 2jol} At

T3 A 30 VaRE AEHPEER et Ak, ohEsF VaRe] Iiigtol 7
A1, BA-FEAE VaRe] gho] 7Pg #hom, 7P VaRghks Te FAIRE g2 11 & Ale]
9] 7|5 ZHeth B2 AlReRA B2 AFSE0 R A4 WHEEE kb
VaR B71Y zlol7} AZIc). 2|1 Al g0l 5] Sol5= AHE3t thgF VaR T4kt

Hr} P02 &St VaR gHikgto] tha: Atk @A) wo) 2ol VCovVaR 4]
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& A £ASNTS A1 7K5go] S0P, TEF AmVaR FAL AT

= QA mefet Wavt it

B A7 BYAIE ARAQl v AQEEoR MR Wil A2 v 29
HEEIERE ol tha A7 28tk REsiAfe] A4 BeAckomRY 229
EARE Beslo] SRS AU Aol Was 7zoe thid 99e WokithE

2 Zlolth. 244 Copula 2@ 7[¥F VaR 59| 544 2] 9
ZHolojA, Aok 23 9 Copula 2] Bof| whe} VaR B714o] M 4= Qltk=
Aol foj 227} it 183l & =RojA= C-Vine CopulaZ} 283 HYg|AT
eke] Helet C-Vine Copula A S AT 2782 A&k Zo] 9nl7t 3= Ao
H, & A7 VaRE &Rt CTE 5 tet gaaseas H9go] o 27t
o GA Uefh=A]o] tisiA = 248 & 287} Qlet
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Abstract

In measuring the aggregated risk of an insurer's losses, we should consider
the risks from individual lines of business and the dependence structure among
them. The well-known methodologies to measure the aggregated risk of losses
include i) the factor method multiplying the losses by their risk factors and
combining them with correlation coefficients, and ii) the shock method
measuring changes in expected losses due to shocks to risk drivers. However,
this study analyzes the aggregated risk by modeling dependence among
insurance risks via a vine copula function. We collected monthly loss data -
categorized into four business lines - from non-life insurers in Korea, then
estimated a simple sum of univariate value-at-risk (uVaR) called SuVaR and an
aggregated copula-based multivariate value-at-risk (mVaR) called AmVaR. The
result shows that mVaR estimates are greater than uVaR estimates, which
assume independence among business lines. It implies that the copula model is
more suitable than the univariate model for measuring integrated risk since it
reflects the dependence structure more flexibly. Also, the AmVar estimate is
the largest, the variance-covariance VaR is the smallest, and the SuVaR lies
between them. The differences in aggregate losses over different methodologies

increase, as the confidence level changes from low to high.

% Key words: Integrated Risk Measurement, Vine Copula, Multivariate VaR,

Non-Life Insurance, Aggregate Losses








