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ARTICLE INFO ABSTRACT

Article History: The deviation between risk capital under standard models and
Received: 26 February 2026 its actual amount can pose multiple challenges for insurers. Although the objective of regulatory
) requirements is to limit insurer risk, these regulations, due to their general nature, are not always

Final revision: 12 April 2026 applicable to the specific conditions of every company. The standard formula usually operates

Accepted: 13 June 2026 conservatively and obligates insurers to hold more risk capital than the actual need, which reduces the
Early online access: 13 June 2026 potential return on equity (ROE). Therefore, improving the method of calculating the required capital
Published: 1 October 2026 beyond the standard formula to better describe the effect of risk diversification is essential. In other

words, designing alternative approaches and quantifying potential deviations from regulatory standard
models should be of concern to insurance managers, legislators, and public policymakers. The aim of this
article is to provide a structured model for determining the capital requirements of non-life insurance

Keywords: companies using monthly claims data. To this end, an alternative modeling approach for insurance risk
Capital requirements aggregation is proposed, considering two main aspects: the ignoring of nonlinear dependencies and
Copula company-specific risk parameters. In fact, this model empirically demonstrates the existing gap between
Economic capital the required capital under standard models and capital calculated using alternative approaches.

According to this, first, the marginal distribution of each line of business in the insurance portfolio ought
. to be parametrically specified to reflect the distributional characteristics of each risk factor. Then, the
R-Vine copula estimated marginal distributions are aggregated considering the dependency structures between risk
Value at risk factors. It is important to note that the presented modeling approach can be interpreted as a sensitivity
analysis of the regulatory framework for capital calculation addressing two often-raised criticisms.

To calculate insurance risk, which is the main risk factor in insurance companies, the actual
portfolio of the insurance company was considered. To avoid computational complexity, among non-
life insurance lines, those with the largest share of premium in the year 1402 (Persian Solar Hijri Year)
were used, namely: third-party liability, car body, accident, liability, and fire. The data include monthly
paid claims for five lines in the actual portfolio of Iran Insurance Company from 1395:1 (Persian Year)
to 1402:8 (Persian Year). To estimate the marginal copula functions under the individual risk model,
various parametric distributions commonly used in actuarial and operational risk fields were fitted. The
appropriate distribution for each claims process was determined based on goodness-of-fit tests and
the Akaike information criterion. Dependencies between lines were modeled using different copula
functions. Three statistical criteria, including the log-likelihood function, Akaike information criterion,
and Bayesian Schwarz criterion, were used to select the best-fitting model among the estimated copulas.
Then, based on the selected copula function and its corresponding dependency structure, n pairs of
data were simulated. The simulated variables were aggregated to establish the total loss distribution
under the multivariate copula. Finally, in the alternative model, the economic capital was calculated
using the Value-at-Risk risk measure.

The analysis of the statistical properties of the data used shows that all insurance lines exhibit
right skewness and greater kurtosis compared to the normal distribution, indicating the presence of
heavy tails in the examined time series. Therefore, the normal distribution is not a suitable distribution
for modeling insurance risk. The parameter estimation results of theoretical distributions indicate that
the log-normal distribution is the best fit for the historical claim data in four lines: accident, fire, Car Body,
and third-party liability, while the generalized Pareto distribution is the best fit for the liability insurance
line. It is observed that the most appropriate copula function, based on the highest maximum likelihood
value and the lowest information criteria, for interpreting dependency in the insurance portfolio, is the
R-Vine copula, which outperforms other copula functions. The size of insurance risk based on real data
Email: Jhaghighat79@gmail.com for the year 1402 (Persian Solar Hijri Year), according to the risk coefficients in Regulatory Directive No.
69, is approximately 265,235,960 trillion IRR. In the alternative model, which is a combined model of the
R-Vine copula with using the Value-at-Risk measure, the results show that the standard model estimates
Phone: +98 4133392369 the required insurance risk capital to be on average 25.6% higher than the alternative model at various
ORCID: 0000-0002-5470-5220 confidence levels.

The overestimation of capital requirements identified in standard models suggests that
insurers can significantly reduce their risk capital by taking into account nonlinear dependencies and
their own firm-specific risk parameters. Hence, based on empirical observations, it is recommended
that regulators incorporate dependency assumptions to reduce discrepancies between the risk capital

DOI: 10.22056/ijir.2026.04.03 derived from the standard model and its actual magnitude.
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1. Value at risk
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1. Capital requirement
2. lines of business (LOB)
3. Risk aggregation



Yoaind 91 (golaBl &Lo yus el 00 o3litul «63S yo dowy Cusls
slJoe g alize Sy slajlne Gl )0 doy Caio IS 4l
St 5 e s s s B ol ol SYnlS
LS e ool b g Saan oS, (Suwly JLsls
Sy o jlss 10 0alin gl ez (goladl &lo ps 45 G20 o
omirad ol Sglite ply YelS Dolain sl Juw g calixs
Comod| Sy pozd anl B 0 ceslie Y5 Jaw Sl
S oz il 5o ly SYlS gy 5l eolial 3 s (sl
155 0sdee e RBC Sy o pd 0 5l i 05l @
Joe ubel s easanmlome jlade 5l jiaS s0ins gl (goladl &le puo
S WWAY Lo sloosls b (635 1o dos £ &slippm] o lusten!
O o) ool Bas aS” glallie 0 (\YAY) ) 1SCan g cogllos
sl 5 ol loplgms (o ke ol Uil wilgy a5 el dylo yus 51 elans
180 O ls calps gkl slmosls 5l eslauwl b caiS 00,91 1, L
e ol Bl iy €55 oz YYAF BTV ilej o9
ooyl obgy 5l eolaiwl LT, (o lastiwl Jow) (635 e dew ol Uil
Oyzods g (Omb)lgsS _omibly el Ghs)) Sy (oyme o
Ll 0,5, @i pl j0 W0,S aulxe Jb (g5luJos
el 5551 el B S5, o8 St S ol
Pl GARCH (sla Jos 5l oolisl b 515k Sty (g5l Joo cpizmon
5 lael S £55 90 6l (B sovosls vg oy .l 00l
Sle e £ 8, dabiyn | Jow saizMol ol ps 5l o Kook
ol by ol o 0olaiwl (VYA0) [ el (idgh ;0 7y cdhoms
bl e slocs it slp alopw dge Jlade Gusd sl
5 A Sy sl A oy WAT Jlxs ) oslar
&'y 5 CAPM o (ol s dylo e &30 malon,S 55015 1) L
sl 00 oolatl saulb_anje Jdod ol doel 4 ol
SIFEad oy gy 5 (TN o fSan 5 03 o
b dan &850 Jbo 6,55 adl e g glaary SV game
Salns €Sl Sl 03illy Bl o b, 51 oli
SNy Abre 4 sply Jol luln @lian deni>
OSoles 3 o9l Gzl S wax by 4 den <S55 Jbe
5 olE wiie 55 sadly bl ais bl b, cnl 5o Wl oy
wlaaie dopn 3 6 0l ol BL 1 o s 5l 0 Ol ol
23 Sl 5l ogall Bzl Jlade sy Al o 50 .l 00l Ao
oAl .l snel s 4y dos <5 8 Jlo (5, Klg5 iol38l gy
e 5,55 4 Ay 52 s sl o 303 g (L5 3580
&,ladte b glaze aJ;iT‘SA Cwd 4y D> g, 5l AT (g lade « iy
Ol g oo dle polie pl osls oy Jloy (2,8 L aS el
el Gl o i Glrebl zolaw (6l o g laglis
Sl ooy o lallie o (VFT) o) Sen g 5 Lie
slodon Sjlas ol (Sily JLSle 4 5L 9,00 dloyw

1. Economic capital
2. 1AA

Yfo

el Sty (d slo Jow o Sily slo Lzl

Sl ol o9z ke «(Eling & Jung, 2020) gy ¢ !
5 ol (Sl Bl o 55508 Slotory )3 Sy s
Slosls wl )l cnly GYalS @l Gyl 5l oS8 LB sl el )y
5 lo)S Sdonm S 4 bgye) (xly ols asgeze 55 0 1, ol
Glb Sy o caslllas ol jo ailazd 3 IS (@LQJ'I S S
Slotar: 5 Sy ol Jole 50 o8 oo 5,05 5 ,Fant 5
Sl Kl o n olulp osls jslae (pay wiies (S03) 58
e o jsba Sl ool a8 5 L s av s )l 90
2 e dlop) (Gl olalin] Jas aw L ) (S0l S
15,5 Al (s 5,55 (351 1 e 5,555 0,5 S
O 3l Gien Jawgie jebay o lslis] sla Jaw a5 wilesls ylis 4
o ol s S oo Sl (VY Bole e Sl o
LTSS [ R L K Cov R TN ROSISPY SV WU RPN S U o
et s oo 9 Dliyhe g el fresd CSpSy 2l
ol S Fan 2

4 «Abd Mutalip et al.,, 2024) | Ken 5 cdlo o
oy eS8 lp el (S Blope o 4 (Slegh
By slosls p (e (22 Jae S g Wy (Swjné
aibe g Sy sla b 3 oS5 Jow ol aslesls slgaioy
Slelyll dle (gl 2wl D-Vine s¥glS Jae L TVaR 4 VaR
sl bz sleosls l oolawl b a5 &)l slacaud 5l aylo s
Glaom &l oz o LSS BadcaS den@> 5 oaladly
S5 Gkl s ge L @l e e eslitul (Sw; e
Mgor Saen Jizl oiiy oS, daspe glacs,
b rals

Sl 0,5 orw lasdlas 1o VYAY) il g olas 5 jglis
» @9 g pleed SVgame (el (aSlh 50 G (Sl
2 Pl S et YalS wlys sl eslitul L) olis oo)s
Sl & a2 b paslh 5o cnl 5l JSiie S Sty (o yre
L 5 9,51 » Copula-GARCH ciéla, cos dag] (Sl
L oply ajes allie ol jo (gl 4 ol aslin alin slo Jos
oolawl b slasil> sl jo5 (g5l o 9 ¥aulS il 5l oolaznl
5 el o ploul aidlpaoss (ot Sluesl uilly Joe
@I s Sy oyme 50 B3l 250 5l el b ol
@bl s S (oyme y0 B3l ay5lp 50 45 amd e lis
GJR-GARCH-st-Copula-Gumbel oo « mosls g0 3l ISae
Sl ly colas g cds (o yiion

oo )0 (6,5 b GloSin ) (W YAF) oS0 5 02 (5 5L e
il den o Jlid 9 5 )5 das Ao S 2801, Gl day
(ols $YalS milg calisee (Gl WS 5l ooliiwl b (glaay coled
al, Oles Cond laosls 5l tagh pl je a80,S ez
50 eddpiiie YYAY U AYOAY sl le b il glacdled



Ol 9 ewined )l (s VS @y dlie N Joo
Table 1. Comparison of Elliptical, Archimedean, and Vine Copula

bz Llse ol )y olass Yo &' s
5l glalss (Sl ool 00ls 1 yaands 5018 d(d—-1) .
el s g oy e Sy 4 Sgime el oy el g5 gl 2 i
el ol )] i g 3 0l -
OO SO SO PRTIRPREN oI dd - 1) +1 Cod gl -t
Sls sldlss (Kl 2
il g el )l SO b s (Saly Jlsle ks GO PR WP CES I P51
) B _ 1 ool g;*"“‘-‘-“"""")‘
o 0 L e Sl 4y e Srly Lo el s3lsils 51 onl) 55 sl
SYal5 wilos solgils 5l oolatwl 4y jlons Laad Voo ailgi 5l eslainl b ol el 8y N
o N - ool o 1 Yols e (et
LV PSWRVON.3) el o0l pwineds )| sV gy d-1 HAC) i
ool odizmas 5L 5 las e (gLl el 65 5B Sy i3l s i
ol g Koy sl s el piaeds Vol b Koy sl oS dd-1) 55 Vsl Ll
Sl Pu e a8 @l me ol (Soly sloJoo g9 5o 5l ool 4y jlxe 2 (PCC)

s 325k 5l s 25 Joe 3 @b SMR) Jbo (6, 50lg5 s
wlse Csd 4 RBO) S celill &ila s 2 35290 Ayl oo

SMR = Zrires (1)

X 100
RBC

Sl a5 25800 Dpmime by 8>S (> 0 RBC
oSy 0l 1 Sap 5 29000 drslons ol (glaSian, iy
Cowd 4 b Lol 0,58l Wigd oo e Sl Slids 4
OY0 Lyes) 058 6l Gloyw LB 0 den slocS i
toy Slace 4 cenl 03,5 el JBL sles aabiipn] ol Gllas
LS dlms 135 Jgeyd ol |, 955 RBC dlos wiliibige
(2)

RBC = |R?+RZ+R3 +R? + S, i, pyRER?

i#j

Sl Gl g 5 R, s R3 Ry Ry ol &S
)8 s Kok s il b s S o,
3 ) saBiets Sy el  laiS, s ol
(Jols S, polie pléol colys jo 9 ,bU olys Jawss (oauiosls
B olFays 5l goladl 4le juo Jolro cslo pus ol 550 g0 duslons
WS 5 g Sy culpo sl (Gl colaiinl 5 )g0 A sl
Pij (\YA0 )l ) el VaR oy sl i ol le s
Sl oy 3 el ol 5 ol Sy o (Sorad 3
L o sbaglad wluly a5 cas wl S ol
Ll o 5 (e Sladde g (e 2l o0 (51 295!
o 1) B genS glaand, b S Slib o (Sven L
R PPN R WA KR
St o (Kiras s e 5,505 o slo oo o
oolawl alidee ohaw o LSy, (Sily LSl gile o
S Ao Cato o lasbiwl Jas jo a8 cul b jo ol gl o

L oao,o YO s ,0 80 o0 YO

Y¥5

o ool o wiBloy opiteninr Gllaze o (S s
3 yof pf e Al b Blale slos Lz 4 bg e Sols oKL
Srad dslo (5 sl 00 o0l ] s sl 5 1
D-Vine (g, 5l ol 9,90 &) gy 5l (A6 ool (e
oS mly Ay A gi 4 aas oo Ll s el o oolail
4255 @ly 533l g S Loy JS (0L 8 ol e
Gy 0. rals 4 sl slaaid; ple Jed (Sils 4
s oo ymie TVAR bl g0 ¥ 5 VAR Loloslyy 4yl s

5 S Oloe (Saly (53l oo e Salonil Clalllae illas
9 Ao o 3 poien Dlegudge I (o (S pé sladern Sl
9 Sy 23, S80S9t 50 (G0 (LA AT Zenl Sty Cu 2o
Qe ;08 (615l lgicas Y g5 i)l 3.0l o3 dile s (s
)0l losd (Byae (samaiz (Saly sla)lisle rogi sl
Y5 (Hne ok byailoniz (Shuly (slaie gl cnl 50
&S IRl n poilin (Qlulid Gl o5 wigd o 428 5 S5 50
dcgozme | ypioren WS o wolf odls @ axg L ], Sy
55515 e sl ol et ool 5 278 3 ol slaosls
Shlly &5 (297 ez 229800 09790 (S 09z )lezr b Sl
a9 el Gibg 1) blse ols Sy slayally 5 (s
358102 Sl S5 on e dagy S8 5 3l 3590 o pes 5l st
(2o Gl xj58 &b (Gileand 9 YalS Joe byl )y
el o0 oslitl F Y L R (g ,la] 58005 5]

Ol dew Conio o (o TNy i el sz oz
&g )l g sl 89705 Al T Babo o Sl02S 1
Qo Jle 51,55 £ 8 s el D Hloie b da Slage Jbo
OIS de 5l Coles jelateay |y 09 Jbo (6,Klg5 s wilabsge
Al allu 2 doy 1L dloz 5l g Jbo sl ik LS peas g
635 o dow & Lol 331 gl 055 Jbo o ol en g



@l 1, ol (Joe & Xu, 1996) 4 g g2 ;b Cpians o puiiiodi
Jae ol ol WSS S8 POC by, b5 5 anws
opriadiz YulS Lole oy glp pdydlas] S81S
03xel PCC (o¥YqulS izl 4 o, uiings sla¥elS 5l oolaul b
0O i b by nl 5l oIS ek gl ol g e
Sely LSl o sl g am el sl b jesie acgee
ol 5 (Bedford & Cooke, 2002) 04 oo osliiw! 553y Blass]
(Sl ow il o e psie cas Gl glolisle (L3, aas
loallss )3 (Soaly 5 (Soly Glime (B pae 5 o)l 5
oolawl ‘u—")’l-“-‘ (\YaA ‘U‘)&o‘b 9 Lu s.,u.L:) b)af )‘)S A>gi S50
aile YglS' wolgs glroslgls Koo b dunlie 1o cply YeulS &g )
Sl siledae sln HAC 5 (cwsnod)l (oS Y5 &y

Silossl Cuze cnly ladus S Gl e Koo Ol &
ly 9 slails g5LueSl giluloas s o pieniz Yl
HAC oS o a8 5 ,R0aSu L) o pitegs Y55 (5 pdyllanil
PRI TR WRLNRPRE Y f)@l el PCC 5l sogase jlows di> 50 3
6 peiiags LY lS dan Ll o)l Sgzg plaw o Sily &0
sbcas 4 PCCaS Jb o anil pwdnad )l b JLSLs ol po
S0 Sl S o0lgls cpaiz ol ply aail Sloslgils
dls Ll 5l PCC g, (Aas & Berg, 2009) wgis oS5 PCC
S iy S el )by a5 I 50 (el HAC 51 5 535 CBllass] o Slas
'...\J)b OO e ‘_glﬁ
(plae cply GYeu8) R-Vine 5 (S5l Yel5) C-Vine
&ya8 5l R-Vine ool slagSl o a8 ol oad Sis
(Dissmann et al., 2013)

Gods, S bl b g wiyls (guisle s 5L WaD-Vine
e 3l (Sly (gl 23 )0 30 g oo oS Lo e (e 21>
LB s mod 29 o)z 4 po g 4 093 p9d 4 s
GRS TR 0 10 10 058 0 (S e Y S Cuax 5l ool
lotw [zl C-Vine .ail aisls g 5l Gion glas o wilgs od
Jate o 5 Koo au glain, 08 o o] CE 0 s 0 a5 Wb
Ol 2 45 S go o 1) (Sily Lo S o )le 4 05 o0
LR-Vine .aiS' o Jaio po a1y Juloe &8s Lol Sy ) Jale S
Sy s 4z gi L) Sy Jolge 5 05l pasin LSl
Olsieay R-Vine (Dissmann et al., 2013) &S’ 0 bas po o2 4
Sbsbe 4y 4> L1y D-Vine 4 C-Vine wlgs o 5 5 Lsle SO
.(Eling & Jung, 2020) 05 oS 5 Bolai gla yie Sily

555 ol w5 Jole RVIN > b JS55 sl
(Dissmann et al., 2013)

YTy

2 @l Jge o Semn) Glite gl ploe (Kl 5 (Sonron
OFY b eed) (Pij=0) Cewl oois a8 3 Lo

Ll g0y o )l o lalbiul Jow 5o ol &le pus oo puizman
9 wl.) g_i..u) wb..a )‘ oolawl l.) 9 LDJ)M: ual} 6[@;/99
Slail; o ES 15 0925 4y d>gi L aS 068 oo dnlore codliosls
SNl Dlawlore jo g8 o] Coge oy Caiio jo Nel
Je 10 0gd e oanlive a5 jeb lan 0ed oo dow slocS 10 Jb
Slezl oY Sz 5l Conlosls eolering &g ) 6 S
S 6,5lg pllal (o (yuired Ded so e dem ES S
g Ogd sad 00ld Ao sloCS b 4 s Jaw 5l eolatl 55l
walgs e g alop Sl (Som SlaSHd @ s SLS
OFY L) csls

Olee o9l S ol plas Jlosay e cpl (S jsbas
Sl ,Sag, oS dilo 5 0 bl slaJoe Cou L5 3550 dle pus
5 bt (Sly (G iz 90 B 0 LSl
olseas 1y o Ol oyl ol <555 50 P sle el
904 a8 S peads 35 3 bl S9 Cozjle Sl LS
D318 g0 oz lae el slal

o ppiediz @98 @l oS s (ol Y5l esle (L) 4
ol S oo Jate gl 5l S pm 85000 S lapil w4,
el ol saS ol Lol 5l Sope s wlegie L &l
oy Bypme cloolgls aiies ajite e Koy Sl
(el bl S5 ispan (o ro YR &y Jels VoS
e (10155 cnly Y8 @l 5l pealides cwvirad)|

5 (Cidgriwl T g cwgl®) pan Yull Lol solgils 4o
2,5 saiadeb 0 ppaiegd Sl (sl Gl oo 1) (et )| SYlS
&b ol Aals wol e 50 5l s b psie slaws a5 Sl
O d9g (YA (a5 LS b)) 098 o0 Sguze Y5
L olas glapsite oy (Sily JLbo g3loe 10 Cudgame
Yl @l olml 4y (7l LSS qwsad )l 5 s3an Y5 &g
Il a8 YL ol b Ssly sboJow sl 00l porie Jogos
s3I bl 45) HAC (YalS” s 151 wilos e cilazdly anwsgs
(Hgse 00ali 53 T95)098 smin )| Y8 s o)l el
g oo el gl (sl il LB o a5 T zg; SValS

SYlS 5l T eabades slo s Loy e sla lis Lo d 5]
ol B 5 PCC (oYauls wilaz 5 1,3 Ll 5,50 PCC
Sedly ool siladue ln 2Rl (B Ol nly

1. Hierarchical Archimedean Colula (HAC)
2. vine copula

3. NAC

4.PCC




oS miie a4 nly WYRL Jae SO s odgl jo
otz ,0 lp a5 I o 0eis hows (UiE€[0,1],i=1,....,d)
g plal (3 o0 et @ azg b bas ol (n
plsl Slaslice (g 5l eolaiul b g (g2l )Ll & ys0as Jrous
5 .(Aas & Berg, 2009) wigd o 03uels” Slaaliedds 45 05 oo
Sloie S 40 035098 by (YelS iy gl laslieas
pll gloiiw joas 0,5 iSlas 5 b slcolanlieas jloslaul
Srelbaes 60,59, & oleiin,odd peds iSTas 04 o
Srebly e 5 slacdle mie g yhbl i Joll o5 ol
sy gl (atine 940 O jgod b yiie G YalS e Wb
5 Wi so 005 a3 MLE (39 sk 5l g ks (sla el y
lo,lel aiile o L sla )l 5l slacgazme 3l ool b ¢ pupmw
JB a) " SKily g S Geeil 5 Tpled _agm jlme HSSST
b ahl eSSl conlpln 0gd oo DBl S 5590 (0l
SYelS algi 5l sado AFM g 5l eolasiul b cglacil> slogs 5o
O YRl chz p lp @b (n ol e sl L
(Il YaulS Jolds ailgs cpl 0gd oo a3 )T Hlai 0 ba s
P38 Sl 5 YRl lyear il

o3l 8uisS oyl YuS ailgs 51 G pm el Lo a5 joboilen
Syan s YlS wly slaShy O e o )l
30 a5 YelS slo Jow ailonss anglae K0S b oply g (gionds)]
ol iladoe b g locSins ) moz sl cdiload a1 Jouor
00 59l Swnly JLles Aign oo eoliiwl (g S dons (5985 40
S p (%o @9 el Al (oS @95 )3 LIS e o
2,8 rogi pj iz Ol )
) (6)
Ri=X%1X (underwriting)

i2|Cynderwriting

OHld m5e Ry g ol gouipy S5l E=1,2,...,my &S

2 S5 den S Sy Jole el T Xip 9 s S0 585

&5 onl woles )0 Cunderwriting) 033,90y (Sasly sl
Dgi ca ooliiul (6, dons Sty (solaidl &lo yur 3,915 0 (S

S 6 S e Sy ol Llojw Syln jelaieay

6. Seudo -observations

7. pseudo-likelihood estimation (MPL)
8. AlC

9.BIC

10. the vuong and clarke test

YA

lp (e o (b)) jksle) g5 jksle ) d> e
3 s bt i3 bl

AFde ghgd Dot oyiie m YplS g9V Al>pe
Sgd 0

Al yo 55 oadisygln YRl (Sily loyiel )l ¥ Al e
WNigs 08 (e ¥

O3S VS @y jlesliiul 1 poe Jole 5 (Ko ecnlple
Sla s, <o slo el ead sl 09351 s o sl sl
Sl le YoulS wiles elyl o5l sl g,y sl oals a3l alisee
Sl gy g Tea il ol zlanul ! JolS oleiin s iSTas
Sl by, sl ol olal 457 (6,050 0 o lasliw]  glesiuw o
&) Sy a5 69,50, oyl 5l gob; Slawlrs 4y gl
a5 Canol IFM gy 0395 o oolitul plosiw,s 2Slas g, cand
LY lS sla syl (eSS (sl o) 5 Jslose

Wl le 4 col > o 9o ol IFM vy ol )b e
0 eSS (slndl wlsi 51 S0 5m (gleitn ;s b (53l ST 3
‘L;i:‘“‘*‘ﬁ J‘"“)lJ e 6‘)‘3 Y%IS &w)‘b C’U G}L“);:S‘» 9
&b ol slis uy Ogeds Gl o 1) IFM 5l ool 5,00 5. 0
Cydy Al A8 ululy X Bolas sy 6l gom d Jlaxs !
il S
(3)

F(X:tq, ., T0,0) = CCFy(¥1;T1)) s Fa(xas Ta); 0)

coizan ol Fy sl ol ol =L, « Uolea 4o
e C VIS ol Sty cslo el 5l glaegare B

1 Xl p) agey dolar (sl pusie ol Jlaio| JISz ol
2] Cand 4 5 Dj50 g s

(4)

fX:itq, ey 10,0) = CCFL (15 T1)s s Fa(Xas T0); 6) H?=1fj

el il b & b e Jlais! S ali i o] 5 45
u_))l.dl Yb :Lb.)‘) )‘ w..i,o)s'l)g 63]9.:[5 F@Lw)d p.:J)LiJ éJLJ

L(O,1q,...,79) = i logf(xi T e T, 0)

el mlgi (gl 5ol )y (gl oabion s s polie g NS L
Sanyoo ST 4 9 e GYaulS el b YU Alal) o

el Jls Jlesol iz 51 obosls 4y YaulS” molgs cpeases jo

p3Y oronlil Wed e el SSIESE ms s, &y crl 1

1. the maximum likelihood method

2. the inference function for margins (IFM)

3. Canonical Maximum Likelihood (CML)

4. log-likelihood

OHen g goliz dalllae jo IFM i ooliil b opls slaJan 51y W yiel )b dle O
sl 00y o, (Czado et al., 2013)




15 g0 e 5 O jgods el I8
)

VaR_ga=inf{x ER:PX <x)=1—a}
S oo Oy90p |y o5 Uolae a5 el 5,84, yamio X SGVaR(x)
)
Fx)=P(X<x)=1-a,VaR,_,(x) =FE (1 -a)

X oyl Bolas it as K Sao les VAR (oplply
W

oSy oo 1) Sasy oo o dsslime (el conasl | Joro
VAR dslons oS o otld Ygyls ilises slacysgims cod
WYlS oS5 b @ ploebl mhaw o sadaslr J5 o)l
Y Jolye (b Lt plo o5 jsbolen 558 o0 ploxil & j90 oo
(Somtly b 955150 51 g 35350 e G5l e L Y8
Gy J5 sl lud (giluand wnl (glass gloand; on
158 o0 plil 1) Sygoh 6,5 4o

GYlS 5 oai miie Sy bl 3 o,Sen b -
Glp Bolas sols dcgaze N adsi (gl L N 0alion) pess
B985 o0 (55wt LS Slaslival

slaSas wadoslitul @8 @l GlumgSae Gk 5l -
D98 o0 s oadadgr slaosls by bl

(ool hyy (A 50 eddByme (F) Aslae luly -
IS 0by 5 smig b wisdioe rea oddisiluancd slo it
g oloul o0 ysieniz Va5 Cou

o3l Sty dmslone sl S5 0oy @ies @l 5l ecaled o -

P9 s

gt sloosls
oolaul  (Fa55 508 Aoy 10 alo juo Lol 3,90 4 adlllas oyl
65 Baw bl 3l wsls  co 3l Jow g o laitis] Juw
Jyl Bgou o 5l g (lailsuliS daools (5,910,5 bgmm Hlai 5l Ll
Sy (shol Jole a5 (6 T dony Sy dslms (gl el (55 Joe
el Sz 5 e lp a5 col (S5 LS il oal
dona3> 3l e i b (2ol o S5 108 Aoy slaaid) (e
leas ;) Jolss i oy a5 loals oslarwl VE-Y o o adss
s ol s S35 g Cadghane wioly wsay il culled
Jolis T 350 Jlo 5o o0dgi Aamg> S Sloo o Bl L el
b abble a3by slo s Jols el sloools .aigl o
SIS, 50 (eaalin AY 5 Jorao) VE VAL AYAAY Slejb,e0
ailys go Dawaily glvosls asyl 4y ax gy b el <o Jled slaass
Sgame S ol b la Siwoly g a9 wles 0,900 50 (6t <ds
0,90l ol pldey &8 30 mhav (o o s )0 slaosls (o9

¥4

oS bl Jas 5o ol &lopo b o] duslio 5 00 301 slos S5
22,5 o0 pll ol Fay 5 J>lye

Yals g, 5l eolawl jo rglacil gilwJoe -V dl> e
Sl (ol (sl ke 51 S pp sl slag s & (o s
3 glacil gl Jae slp (s,5 e gai 0 0yl gol;
Gl colld and; my 0 S ol gleas gl o
9 Sy Sty oz )b o slagl; &9 Ll i
e I e T e T
AV e 5 o D=L) skl gl Seas;y g5l Je sl
g O8kee sln Ol @ig @b JSS &30 eSS ycnl))
Sris e Slr by Gl 5o Sl (65558 de lacS 0
alizee g el S s (59,8 Sy Joo o8 YalS' slastl>
S 5951 50 Jglate slagsje5 5l el 45 (Frachot et al., 2001)
Wox Cisgiwl_ I whsgnl (g Jloy_adlex Jold s
&3y 2 W8lpeend S8k 5 3 DS oy LB S S
Wed oo b, ol slaesls

Fie bl Gl YlS g Sl (silode Y al> e
Wt Bt GlaSias; Sl atly Laily) 3l oo
oz 1 Sy ot 8 oS5 524 bseye Sl 43T
Oirte &S Y8 bl (ol g cans 3l ps (Sudls
50Lasl &lo yus sl 51 1 |5 el Sk ol bosls bl culs
79 B Hsbay eats ol (Sily Lidle 4y aty Sl (Seos
£ b aaS a5 jsbylen L(Shim et al., 2011) ail ogliie
eYuls p@lio fnl 0.0l 5929 YIS solgils 5l (glos oS
sl 005 35 103 (79 § (el o Sgdn alize glaoslgils

Llo o 15kt (s 9 ool dlo s dslone -V al> 16
cdadloe (5l aS ol BLSI Lo b )ls ¢ Faan G (sl (goladl
AR o)l cos Gl sep Oype 5 Slhen SocnS
oY ol lasl ) 5ol deg liSale s 003l ials b ol Uil
Silgly Faew (gsthel laylpl o o Jo 4 GlaigSay el
P8 ol Lloy 5l goladl Glo ps amd aslol 0g> el 4
&S el glal Gl Plas S5i8 GLloyw 15 ccwl ploss
6olazdl Glo s a5 Il 10 0l co Gyumns U slaoled (Ggu)]
a5 09 o0 Joie San &5 (Hly SlaSi plod Gidigy 4
3hoolatwl b Yoare (golatdl 4Ly .(Shim et al,, 2011) wiS’
oLz VaR iy plialsl prlav G )0 050 oo awleo VAR jLas
2 G5y Sy Ca e Sl il s ke az STas oS w0 e
aos oo lis VaR g8s ool plo cwl p3¥ adeie oy 381 SO
13 VaR 31 lagl; a8 s sy g Jis! ozl o 331 3 45
VaR a5 o )b el 1 — g Jiz! b aS casbine ol 45 oSy,
p3Y eansl Gloy 38150 lapl; Cu e sl & Cul 3z pled
.(Makubu et al, 2022) =l

a €[0,1] oL o &5 X liobl mhw o VaR (IS jsba

1. GPD



Ao &S0 50 collad glaars, gl )l iogi [l Y Jgax

Table 2. Descriptive Statistics of Claims by Lines of Business
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1. the probability integral transformation(PIT)
2. Pairwise scatter plot
3. Kendall’s rank correlations
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Fig. 1. Histograms of insurance loss and QQ-plots with fitted distributions
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Table 3. Distribution fitting results for insurance losses
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Fig. 2. Pairwise plots and Kendall’s correlations of marginal distributions
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Table 4. Dependence modeling results
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Panel A: Goodness-of-Fit results
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Panel B: Parameter Estimations of the Best Fitted Pair Copula Structure (First Tree)
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Table 5. Comparison of Required Capital of alternative Model and Standard Model
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