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Abstract

Introduction: Understanding the dynamic interdependence among industries within
stock market indices is crucial for investment decision-making and the design of economic
policies. The Pearson correlation coefficient only captures linear dependence. However, the
return distribution of financial variables is not elliptical. Moreover, extreme events occurring
in the tails of the distribution during crisis periods can rapidly propagate across financial
markets, leading to stronger interdependence, which necessitates the use of more advanced
and sophisticated models. It is noteworthy that copula-based models enable the modeling of
nonlinear dependencies using flexible choices of marginal distributions. Among the various
families of copulas, vine copulas allow for flexible modeling of complex dependence
structures by utilizing a wide class of bivariate copulas. The interdependence of individual
stock returns depends on the dependence between different sectors of the stock market.
Therefore, it is essential to understand tail dependence across sectors, as each sector often
responds differently to economic circumstances. The aim of this study is to reveal the
dependence structure of 70 stocks across 10 industries using C-vine, R-vine, and D-vine
models.

Methods: In this paper, a ARMA-EGARCH (1,1) model with Student-t innovations is
employed for the marginal distributions. To define copula data, the cumulative distribution
function (CDF) corresponding to the Student-t distribution is employed as a probability
integral transform. Next, copula functions are selected using the marginal data, and vine
structures are developed. In this paper, parameters are estimated using the sequential
estimation (SE) method and the joint maximum likelihood estimation (MLE).

Results and discussion: The root nodes or industry representatives in the R-vine trees are
as follows: Seshahed represents the real estate development industry; Vaomid serves as the
representative of the industrial conglomerates sector, while Desobha represents the
pharmaceutical materials and products sector; Kegol represents the metal ore extraction
industry, while Femeli is considered the representative of the basic metals industry;
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Automobile and auto parts companies are represented by Khazin, while Beterans serves as the
representative of companies active in the machinery and electrical equipment industry. The
investment industry, the chemical products industry, and the cement, lime, and plaster industry
are represented by Pardis, Sharak, and Ceshomal, respectively. The dependence among
industry representatives in the R-vine specification is extracted. Furthermore, Node 1 plays a
central role among various firms in the chemicals and pharmaceutical products, basic metals,
automotive and auto parts, and investment industries. The results also confirm that R-vine
models are preferred over D-vine and C-vine models.

Conclusions: According to the results, the first hypothesis—“The dependency structure

among industries listed on the Tehran Stock Exchange does not follow a symmetric (normal)
pattern and exhibits tail dependence”—is supported. The dependency structure among the ten
industry representatives is modeled using various copula families, including the BB8 and
survival BB8 copulas. According to the findings, the second hypothesis—“The
interconnections among industries listed on the Tehran Stock Exchange possess a multilayered
and network-based nature and cannot be reduced to a purely centralized (C-vine) or chain-like
(D-vine) structure”—is also supported. The empirical superiority of the R-vine model
confirms the hypothesis of networked and multi-source interdependencies within the Tehran
Stock Exchange, which is consistent with the structural characteristics of the Iranian economy.
In emerging markets such as the Tehran Stock Exchange, dependencies often arise from
multiple sources of risk (e.g., exchange rate fluctuations, commodity price shocks, and
monetary policy). The economic structure is diversified yet imbalanced, and shocks may
propagate simultaneously through multiple transmission channels. R-vine models exhibit
superior explanatory power and goodness of fit in modeling inter-industry dependencies
compared to C-vine and D-vine structures. In the context of the Tehran Stock Exchange—
where dependencies are heterogeneous, shock transmissions occur with varying intensities,
and ownership structures follow distinctive patterns—the R-vine framework provides a more
flexible and better-fitting representation of inter-industry dependence dynamics.
From an economic perspective, the superiority of the R-vine model suggests that shock
transmission in the Tehran Stock Exchange does not occur through a single pathway or via a
dominant industry. Rather, different industries—depending on their positions within the
dependency network—play distinct roles in either absorbing or transmitting risk. This finding
is consistent with the structure of the Iranian economy, which is simultaneously influenced by
factors such as exchange rate movements, global commodity prices, domestic policies, and
institutional constraints. Consequently, the co-movement of industries in the Tehran Stock
Exchange should be understood as the outcome of interactions among multiple sources of risk,
rather than merely a response to a single common factor.
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Figure 1. Pairwise plots for the real state development industry (right) and the industrial
conglomerates sector (left)
Upper panel: pairwise plots of the copula data; diagonal: histograms of the copula margins; lower
panel: normalized contour plots.
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Figure 2. Pairwise plots for the pharmaceutical materials and products sector (right) and the metal
ore extraction industry (left)
Upper panel: pairwise plots of the copula data; diagonal: histograms of the copula margins; lower
panel: normalized contour plots.
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Figure 3. Pairwise plots for the basic metals industry (right) and the automobile and auto parts
industry (left)
Upper panel: pairwise plots of the copula data; diagonal: histograms of the copula margins; lower
panel: normalized contour plots.
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Figure 4. Pairwise plots for the machinery and electrical equipment industry (right) and the
investment industry (left)
Upper panel: pairwise plots of the copula data; diagonal: histograms of the copula margins; lower
panel: normalized contour plots.
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Figure 5. Pairwise plots for the chemical products industry (right) and the cement, lime, and plaster
industry (left)
Upper panel: pairwise plots of the copula data; diagonal: histograms of the copula margins; lower
panel: normalized contour plots.
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Table 2. Descriptive statistics for the returns of the 70 selected firms
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Table 3. Kendall’s Tau (7) correlation coefficient: real state development industry
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Table 4. Kendall’s Tau () correlation coefficient: industrial conglomerates industry
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Table 5. Kendall’s Tau (t) correlation coefficient: pharmaceutical materials and products industry
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Table 6. Kendall’s Tau (7) correlation coefficient: metal ore extraction industry
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Table 7. Kendall’s Tau (7) correlation coefficient: basic metal industry
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Table 8. Kendall’s Tau (t) correlation coefficient: automotive and auto parts industry
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Table 9. Kendall’s Tau (t) correlation coefficient: machinery and electrical equipment industry
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Table 10. Kendall’s Tau (7) correlation coefficient: investment industry
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Table 11. Kendall’s Tau (1) correlation coefficient: chemical products industry
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Table 12. Kendall’s Tau (1) correlation coefficient: cement, lime, and plaster industry
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Figure 6. Results for C-vine tree 1
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Figure 7. Bivariate dependencies among the representatives of each industry.
(In the upper section, pairwise plots of the copula data are presented. In the diagonal (middle)
section, histograms of the copula margins are displayed. In the lower section, normalized contour
plots for the representative companies of each industry are provided).
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Figure 8. R-vine trees (T to To) for all bivariate copula families
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Table 13. Sequential parameter estimates, along with the implied Kendall’s t values and the
estimated upper-tail dependence (utd) and lower-tail dependence (Itd) coefficients for the R-vine
copula, based on all bivariate copula families employed.
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Figure 9. C-vine trees (T to To) for all bivariate copula families
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Table 14. Sequential parameter estimates, along with the implied Kendall’s T values and the
estimated upper-tail dependence (utd) and lower-tail dependence (Itd) coefficients for the C-vine
copula, based on all bivariate copula families employed

Itd utd T Y yiol )by sl )b Youls ad [LESge
oly-C
ofee ofes o5 VE/PY o[ea T Vg A \
- - VAN K y/YY SBB8 YyA
- - NAY) AV VAni SBB8 dgA
A - o/ ofen V¥ SJ £ah
- - AN AN A2 SBB3 a4A
- - AN AN Al SBB3 ¥yA
Y Y AN Y/-¥ NAYN t Y oA
- - VAn% - 1A Y/ay SBB3 fyA
_ _ NRY YA VAN SBB8 Ve g A
- - ol V- (AN SBBS FaliA \f
- - AR -/2A VIVY BB8 FoVeiA
- - AR -Iva Vas BB8 Bg¥ A

- - o[eA \en VAYZ SBB8 AT



VOA

fes

RN

YY/AA

O&1; ). o\,@wﬁ,mw@uopgw,,uuw&

SBB8
SBB8
SBB8

BBS§
SBB8

SBB8
BB8

SBB8
BBS§

BBS§
BBS§

SBB8
SBB8
SBB8
SBB8
BBS§
SBB8

SBB8

SBB8
BB8
BB8

¥aiA

YoV iA

YoV <A

Ve g ¥ EA

YoVi¥ oA

YoVi¥ oA

Yod:i¥ oA

YoFi¥ oA

Yode¥ oA

YoVe¥ oA

Ve g ViV g A
YoViVoa¥ oA
YoViVa¥qA
YobiVo¥ A
YoFiYs¥ oA

YoV o¥4A

Ve gViYo¥ oA

Ve g ViV gV oY gA

Ve g ViV gV g¥ gA

Ve gDV gV oY gA

Ve g F iV gV gY gA

Ve g UiV 9V 5 ¥ 5 A
AR AR AR AR
AR AR AR AR
ST AR AR AR AR
AT YA AN A AR
DgViFgle gV oV oY oA
DgViFgle gV oV oY oA
AR ARAEARL
gV iDgF gV gV gV g¥ A

Vs

pardis=8 beterans=7 khazin=6 femeli=5 kegol=4 desobha=3 ~vaomid=2 seshahed=1 :leo,S <l laid| :as g

ceshomal=10 sharak=9

Oibgs bl xde



AR

VF0 Jle=(1)17 6555 — o g ke bt

Iy Sily (olyo dludis by &S sl o 1) Ve S o wlio oales Vo & by ye (ple=D sy
a ) plio Bunls cuiy odd ol oplsD sl ool V0 Joaa )3 ol 38> Slastie ad o L
A s3e sals gl suwl Cans (kegol) ¥ o ool Clild cuis (femeli) & 1S o cpusd 5 Sjo0
S i oo (Vaomid) ¥ e glewd &Y guame Cuino (sharak) A da g )liSale pw caio (pardis)
SMol (g5lwogl cumivo (seshahed) V  g)l> &Y gao 5 3o Cxio (desobha) ¥ ¢ ixs (glas, L
(B solKiwd g &Y yile Caio (beterans) ¥ «laad cilo g 9,393 cio (khazin) & «Misus
Aiwd BB8 4 Survival BB8 ol YoulS glgil oy pzly 28 5 Kol ¢ losw Caio (ceshomal) Ve
0 5l o (kegol) ¥ o)l> (kegol) ¥ L 1) (Siuly oy (femeli) & & w2 0 olis cplg=D gl
O yude (femeli) & 4 (kegol) ¥ 51 w (pardis) A o)ls (pardis) A b 1, Siusly oy i (femeli)
Wb oo doldl iy e 4y 9 01> (sharak) A L 1)  Siuoly

Tree 1

6,8:13,29 6,9:1,3,2
79:6,13214:3298 18:329
7 (0)
10,2:7.6.1,3 | 35:2984

10,1;7,6
Tree 9 Tree 8 Tree 7

99999

10,4 ;7,6,1,3,2,9,8 78618329 3998

109:76.1,32 HIKQ

1,5;3,298/4

74:,6,13298

10,8;7,6,1,3,2,9

7,5;6,1,3,29,.84

i Yol loodlyils ploi sl (To GT1 jl) =D (clocs,s .V e SIS
Figure 10. D-vine trees (T to To) for all bivariate copula families

Sl (1) ozl s 1) Vi > Sy ol 35l 5 JHST (i ool b olpas ooy Jio sloygly 10 Jputo
i) ) 2lipd (Yaul5 loodlpil colad 58,5 a0 b wly=D (o VanlS
Table 15. Sequential parameter estimates, along with the implied Kendall’s 7 values and the

estimated upper tail dependence (utd) and lower tail dependence (Itd) coefficients for the D-vine
copula, incorporating all employed bivariate copula families



VP (O3 ) O oyt 9 Jb s Oloo (Sl 5l (o
[Sr)
Itd utd T Yoy el Yo lS aJ -D
oy
- - -I¥Y -[AA /a0 SBB8 bg¥ )
- - NAN% +/AD y/ay SBB8 fyA
- - AN AV VIYS SBB8 AgQ
- - A -4 AR SBB8 Y
- - -IN¥ ./aa VY SBBS VoY
- - o/-a NV \Y- SBBS Yo
of-¥ o/ o[-0 AIYY of¥ t VoF
- - N Vo VY SBB8 FaV
- - WAL Voo MAA SBB3 Y
- - <Ny <IYA \/5Y BB8 Agdc¥ Y
- - <Y -/aa \/YY SBB3 A¥ A
Y AN V¥ ¥/ -IvY t YA
_ - /.9 .[ay \/Y- BBS ¥y
e e oD Ya/vy e t VYoV ey
_ - oled NEL V/a BB8 Fa¥ N
b - R oo /¥ SJ YolVes
- - /¥ /A A SBB3 Ve gBey
_ _ .¥ JJaA YN BBS8 AghtAgY Y
- - AT NN v/A- SBB8 Yo¥eagh
- - N /Ay V/YE BBS IR EARE
_ - R LV Y54 BBS VoY, Y
- - ol AR VVE SBBS A EAN A
- - NRY, +/AA VAT BB8 YoV g)
e - RS e R C Ve g ViV 42
- - o[- -/ (YAYs BB8 Yg0:AgA ¥ ¥
_ _ .q -IA¥ VIS BB8 UEARAERRY)
- - s - Iy VY BB8 Y SARARR
oo - o] oo oleY C FaeN oYY
- - o[eA -/aa \\Y SBB3 YoVeFgl oY
- ofen oo fon ooy SC Ve gV eV 240
- ofes ofes ofes /N SC Y50:Y gl gAs¥ o
— - AT e R N IRAEARARAYL
e - A ofes ofo¥ C I L ARAEARR
s oo oY \a/vs .o¥ t Vi gl gV Y
oo ofes N \Y/Y N t aYiVgaF gV oY
B
_ _ ¥ /a0 V- SBB3 DY Y 9% 9A4F #

A



VE O Lo ()18 6555 — e Sy proke bt

R

oo

<[A¥

-

ya/va

AN

\Id!

¥y

\IvE

<Y

AR

VA

BB8

SBB8

BB8

SBB8

SARATATEEY
%)
INT AT S IR

PARAEARET
Vo¥es
979V 9V sV 51
\~9AfV
sY sY 30 9AsY A
Vaﬁf?a\
PARAAERET
Ve s¥iVes
9\"9Y9°&9A9\° q
\’90‘\’9;9\

pardis=8 beterans=7 khazin=6 femeli=5 kegol=4 desobha=3 ~vaomid=2 seshahed=1 :lao,5 <l laid| as g

ceshomal=10 sharak=9

O3 slaasl, g

Sl g Jlgie gy 93 12 Sl leD g (nl5=C cnlgR sl Jio (s ol 3 tadite duglie

o]y v & 2 osd 35915 pdlie V5 Jods )3 ouS 0 dunlio BIC § AIC polie bl olesiul,
oS by ple R ela Jao d)lae yiiy 3 & 08 0 aul gols Lloads (5135 BIC 4 AIC ,0lis 4
5 olsmC L dulio )5 Lo oyl ey ) 5] it splatisl, o)) s oy ¢ BIC 4 AIC 3l

D90 03 ez mlus (b (Suly (ilwJde sl g 0390 515,905 0 sy o3l 5l cple=D

0 0> il slafto oloi sy BIC 5 AIC o vasii loizly i)l T Jpis
Table 16. Estimated log-likelihood, AIC, and BIC for all fitted models

BIC AIC sleiinly o,

=\WYY/o¥ =AY aAl/av R-vine-seq
—VEVY/YAA —Y.VA/eYS VVE/DVA R-vin-mle
—VYY/¥Y A TANAG AdY/a R-vine-ind-seq
—Vyeany =\&e /A MY/ C-vine-seq
—\YoF/-A “VAVY/¥-Y AAF/Y-Y C-vin-mle
—V-¥a/+) —\Yoa/sv SEVIAY C-vine-ind-seq
=\WWeo/A —\WA/¥Y LYVl D-vine-seq
-£¥Y/\YY0 —VVAANYYD SAF/YYVY D-vin-mle

-a0v/aa —VAY/50 SYA/AY D-vine-ind-seq

oRegR sladadl iz



\PY (Olﬁ:‘)ﬁ) ....... Q‘Mw}y)}dwéwul?a;wb)buw)j

S o (o) olite s Sl s g b plee (Sily 3L Jol 408 S b
goie gyl bugi glic odnled Ve gl (Sily Ll 39b 00 abpdy “wl (o0 (Sl Gl 4
Obe Jblite (slasisn” pgd dus b .ol sud (sjlw Jie BB g survival BB ales ;I YaulS slaoslgls
L (c1y=C) 15555 o Sl o a1y o lgiamd 5 3,10 (51450 5 Yz b ()8 o lio
405 ealy R Jio 3 p (s 305 laaidly 105 995 o0 adpdy 55 “.culS'y B (cnls=D) (slo e
Oyl 3laidl Jislo b ggdge ol 4 48 o0 3ol |y (o5 (oagr 53 (oo Kz g SIS lito (slaigey
VE G)l) Sany gite cptiz (2L el o Sasly (IR posgr srbg I3k 5 lgp 2yl (Slgeen
g el (gl youe | Alg o S 0 5 (ol ilaiel Lol goite (golasdl HLdluw fditwn (Jar Canlow
9 om0 gD g lyCsla sl b dulis ) (l5 R slaJdo Ligd Jitko plojon & jgoe
o Sianly o > & Gld oyg 2 @ly 0 W) iatopbe Sty silode ly VL )l
Jie 58 o o oS steSlle Jl5 Lo 1 g 3,8 oo iy it clact |y nSpd s ¢ luanl
)l ol (Sily siledde Glp VL 55l 9 s @598 (0l R

el lapsie gl (Suly i3lo (lp caslio Jao S Qb 5 (8l &5 cwsl 1S5 oLl
«Crly SV ouls 309 il eslitul pae Sblje 5l (So gy crl il gy Sl 4 Sy Silo e (bl ()
ilodae el goiie slaanS W)l g (Saly il gl )bils (6555 @ g lolid )3 o] Ul
et yS )18 (Jlo Sy ()5 oS g5 2)90 Ol g dde sla Sy nl el (Saly

Gk 1 b aly e S 5l 0l 5 yg 0> S JUl o5 am oo LB R-VINE (65 o g3Lal Jlais |l
Solite Sl S ( Stuly 4 3 395 oSl 4y At Cilisie gylio AL g4 ob plwl I o K
@l piite plajen ;b Cod & (glpl slatdl lslo b ggoge cpl S o ] Sy Laml b Gl
S Slegen wyly j1)E ool clacudgizne g (L3 slacwluw LYK ks bcwd Gyl &5 emer
B & candls Sy gt iz GES ey Jobs 1 |y olid g ) o S ) conlple
Syt Jole Sy & STy

S 35 4o 9 Cou .0

VEE/EIYS B AYAR/E/N - 893 el |y atd st 00 Jlab qalio B sigles Sy bl dlio

Staly 45 3o oLt ol S oy (D g R <€) s (6YaulS slo o 5| (clodlsils 51 oozl |
F9o9e il (GaSd g (Keal (ot e (sl Shg (sl 4 s €195 9 (ot By plio (e
B P35 s g Sy & i Canlas dlox ) oty sloil o3 SLs ca Sy b &S
ool YoulS onls calies (claylisle dulio oypimad Casl Bl (M el Slyabll 5 SleMbl
—C el & s 6y b5l clyR (6Y 5SS ol 5 BIC g AICe ploitly w8 (sl lno
B o lgies |y g pog @lie e Sty )bl o ol o] Sily il ol 20 calg=D 5 ol
pigladl g &Y e cslaSed mle Sty ol 4L ol g (lopons b 1S5S 50 bro 658U S



\PY

VE O Lo ()18 6555 — e Sy proke bt

g survival BB8 ales jl YaulS slaodlgls goiio glgil lawgy mliuo saisled Vo b Sianly jlislo )l
Ll 0 (65w Jae BB8

@y ol S e w5 bey Oygeds |y dmd opl e (T1) s oy 5l Lol slaasly
9 ol 8l Caio jl pardis ¢S b (OMxtus g Sl (gilwogs] Caio ;| seshahed Sy
280 olelid  Sily aSal )0 ady ) gloo,S lgisds Oladad il g 5068 Caio jlkhazin oS,
Glato (SlocS 15 | oS haigS s uiS e lis) 45 1 (55555 ye ik Seshahed 8, dao ) ol e
iamnly b3l 30 a6 )li8ayle puo g ilalad Cilus g 9)055 ¢ bl I8 ¢ 59 ld GV guas g dlgo Caio 4
IS8 alee,S b 5l S gt Sl Sl Lo I (piSe o amd o Lt oIl l sl iS5
O 5> Jleb SeeS p5 ( oSly witd yeeVIS b Sy (s o & slate Lai Logi) a5 3,5 oo
Bl aushy (gygome LI Lodjl (S e g Sy Jli] 4Kl 5> Wl e 8 OMistns 9 S

635 IS 5 S Jal el aylopos 3L 3 48 28 ol eaims s Wil o domti ol golail Lo |
Sl Jlo gy stige 51 Slie 4l 29 o pll (M55 b i (Sl yrmo s Sty
slaalls jlleds 5 )95 )l £ (SRS plis (S tde Jolge g oolaBl (U Lalpd ()35 o p
ol S35 oman nlio & Jlail 3 S Mitens 5 el oo ) S (5 po L el sl
Sljye 5 oy Wle spbigr Sl Sy a5 Bl o151 3k Wl e S akoss 5 (9l 955
B oS3T 31 ter (Sl o5 5 3900 ipaS (55 b boodjly (Sily Juboos (lej 53 lioo o (i
sl M 2l S yidie oSy 1 (e g (Sl Al i

(@bl dw Glpse g GhIS Glop lp s 55 ore 93,08 Gl dYs il Giaggy ol slaaidly
I Sy 22l (el sl S lico (550l gli5 (Sline 2 B iSuggs o ol o Kol ol
2 egpcpl a8 Jitie bpisy plo 4 ]) S ed dawly lao)S plyieas alyi o pluo (S 1pj il
235 )18 i 3)90 35 ool (GaSd g (o (Stly jliblo cusl p3Y ()l 4o (lades (b
Sy 8 3 555 0 SIS 5 3 ey slao S oli 55 ey Il L6 5 IS s (s
il dghe 5 Jolis) (slacesler (2955 5 5l el blES (ot oSy Caly il 53 Mg
wold 638 5 ol OIS aleyw sl giadj)l SleMbl daog )5 cpl 3 (Sianly Hidlo 5> Slyss
| plaes slogiss B35l ajsi p3 (i 05 ()i aley cladjaly (6,53 Wl )3 lag g5 S o
oSl cnl oMo )5 (90 LB plow (it Slagip 3)Slee )3 & (ole 1S o bl
plas 5L Gise o blo)l (lie &5 12 saiiS bl ) wlio ple (Sl 5l (80 Jlo @l 5,58
il I8 60 g sladliygy £o8s (slaoyed 10 05 ads duwlow (pgld yd Wilgh o (ilio plw g (ol

et i3 )8 i1y o)l i 5> b i B33k A5 Sy 25155 e o] Al
S Canl 35 LS bled JeoSS |y dllie pl s Wlg5 o0 (659001900 Slaedd (Sanly S Lo duslie
(VaR) jlas ()3 ym0 55 (o551 g 43l (35l it b only Y58 sloodlgls: Closl ay kST bl
ST )5l g2 sl 05 0315 LS iy (sl gy 3 45 WS le d) gy Sl 250 1

il 3929 el sba)lil 3 Jlo (25 Slllas I ()l 3o (gl cl sacadgizes I (S
Dlons 3)lg Juloxs )3 0593 JS 53 Jlad g dwgu (slaosly glly (slasles g5 a5 |t Shilojl (65 g
e Lol el 0395 515k 5o SIS 51 g Jub slacs b (Sly Hldle (iloJde yimgl Ban ax 5]

!, Survivorship Bias



\of (Olﬁ:‘)ﬁ) ....... ;‘)‘J@Jn)‘,})sdwéwulﬁa&‘})buw}j

) woles JS 58,5 s )3 b7 adl (glmodlsy e (clacSisS 5l (g pSoye b ST sl ptimg 295 o
Sy iy asdllas 3 503 pgd LS )y Famog oo ) 1) (Shuly Lo (oudbis clasles
29 g0 oy <9y 3l amsl 0 (g3l Jao Jiiune &jg0ty v Sy Sloj (ol g 035 (5145503 L]
odlaiBl M gla yuxio 3959 b S 5 lymu (slaoysd SUSE gy slaYsulS oply o] LY IS

S S ) gl s

o el Slojle 5ol 8 g | Jlo SaS w555 dlio oyl ()55 5 s &l 4l o 2bo 4o, la5
ol B luws jeas g dalgss b (60,8 L lojle juo b s 4 dlde pl sladysliwd 9 uls § cul
) (Bl (2)5 AgS g (Bt g Cunl 039 e (Jg Bib o gaald plyiea Siagh

&be

Aas, K. (2016). Pair-copula constructions for financial applications: A review. Econometrics,
4(4), 43.

Aas, K., Czado, C., Frigessi, A., & Bakken, H. (2009). Pair-copula constructions of multiple
dependence. Insurance: Mathematics and economics, 44(2), 182-198.

Abosedra, S., Arayssi, M., Sita, B. B., & Mutshinda, C. (2020). Exploring GDP growth
volatility spillovers across countries. Economic modelling, 89, 577-589.

Ang, A., & Chen, J. (2002). Asymmetric correlations of equity portfolios. Journal of financial
Economics, 63(3), 443-494.

Apergis, N., Gozgor, G., Lau, C. K. M., & Wang, S. (2020). Dependence structure in the
Australian electricity markets: New evidence from regular vine copulae. Energy
Economics, 90, 104834,

Arreola Hernandez, J., Hammoudeh, S., Nguyen, D. K., Al Janabi, M. A., & Reboredo, J. C.
(2017). Global financial crisis and dependence risk analysis of sector portfolios: a vine
copula approach. Applied Economics, 49(25), 2409-2427.

Aslam, F., Hunjra, A. L., Bouri, E., Mughal, K. S., & Khan, M. (2023). Dependence structure
across equity sectors: Evidence from vine copulas. Borsa Istanbul Review, 23(1), 184-
202.

Aslam, F., Mughal, K. S., Aziz, S., Ahmad, M. F., & Trabelsi, D. (2022). COVID-19 pandemic
and the dependence structure of global stock markets. Applied Economics, 54(18), 2013-
2031.

Badri, A., Osoolian, M. & Karimi, M. (2024). Herd behavior asymmetry during the Tehran
Stock Exchange bubble. Financial Management Perspective, 14(47), 9-33. doi:
10.48308/jfmp.2024.105023 (In Persian)

Bedford, T., & Cooke, R. M. (2002). Vines--a new graphical model for dependent random
variables. The Annals of statistics, 30(4), 1031-1068.

Boako, G., Tiwari, A. K., & Roubaud, D. (2019). Vine copula-based dependence and portfolio
value-at-risk analysis of the cryptocurrency market. International Economics, 158, 77-
90.

Borzabadi Farahani, M., Gholizadeh, M. H. & Chirani, E. (2020). Time variable modeling of
the optimal hedge ratio using future contracts: a combined approach of pair-capula

!, Imputation



VPO

VE O Lo ()18 6555 — e Sy proke bt

functions and wavelet decomposition. Financial Management Perspective, 10(30), 35-
56. doi: 10.52547/jfmp.10.30.35 (In Persian)

Bouri, E., Cepni, O., Gabauer, D., & Gupta, R. (2021). Return connectedness across asset
classes around the COVID-19 outbreak. International review of financial analysis, 73,
101646.

Bouri, E., Jalkh, N., Dutta, A., & Uddin, G. S. (2019). Gold and crude oil as safe-haven assets
for clean energy stock indices: blended copulas approach. Energy, 178, 544-553.

Brechmann, E. C., & Czado, C. (2013). Risk management with high-dimensional vine copulas:
An analysis of the Euro Stoxx 50. Statistics & Risk Modeling, 30(4), 307-342.

Cekin, S. E., Pradhan, A. K., Tiwari, A. K., & Gupta, R. (2020). Measuring co-dependencies
of economic policy uncertainty in Latin American countries using vine copulas. The
Quarterly Review of Economics and Finance, 76, 207-217.

Ceryové, B., & Arendas, P. (2024). Vine copula approach to the intra-sectoral dependence
analysis in the technology industry. Finance Research Letters, 60, 104889.

Collet, J., & Ielpo, F. (2018). Sector spillovers in credit markets. Journal of Banking &
Finance, 94, 267-278.

da Silva Filho, O. C., Ziegelmann, F. A., & Dueker, M. J. (2012). Modeling dependence
dynamics through copulas with regime switching. Insurance: Mathematics and
Economics, 50(3), 346-356.

Davallou, M. & Yazdi, A. (2022). Pairs trading; a comparison between student-t and vine
copulas. Financial Research Journal, 24(1), 104-133. doi:
10.22059/11j.2021.325404.1007200 (In Persian)

Diebold, F. X., & Yilmaz, K. (2014). On the network topology of variance decompositions:
Measuring the connectedness of financial firms. Journal of econometrics, 182(1), 119-
134.

Engle, R. (2002). Dynamic conditional correlation: A simple class of multivariate generalized
autoregressive conditional heteroskedasticity models. Journal of business & economic
statistics, 20(3), 339-350.

Engle, R., & Kelly, B. (2012). Dynamic equicorrelation. Journal of Business & Economic
Statistics, 30(2), 212-228.

Guo, M., & Wang, X. (2016). The dependence structure in volatility between Shanghai and
Shenzhen stock market in China: a copula-MEM approach. China Finance Review
International, 6(3), 264-283.

Hao, X., Zhou, Q., Liu, J., & Chen, Z. (2025). Systemic risk among China’s financial sectors:
Novel evidence from trivariate CoVaR based on vine copula. Research in International
Business and Finance, 102968.

Hao, Z., & Singh, V. P. (2015). Integrating entropy and copula theories for hydrologic
modeling and analysis. Entropy, 17(4), 2253-2280.

Hendriks, J. J., & Bonga-Bonga, L. (2020). Sectoral dependence and contagion in the BRICS

grouping: an application of the R- !5 copulas.

Hosseini, S., Raei, R. and Mohammadi, S. (2021). Intraday liquidity and return dependency
structure modeling of a portfolio in Tehran Stock Exchange with ACP-GARCH-High



\idd (Olﬁ:‘)ﬁ) ....... ;‘)‘J@Jn)‘,})édwéwulﬁa&‘})buw}j

dimension vine copula. Financial Management Strategy, 9(4), 1-20. doi:
10.22051/jfm.2022.35450.2521 (In Persian)

Jabalameli, F., Ghorbani, P., & Ahmadian, M. (2020). Risk management in oil market: a
comparison between multivariate GARCH models and copula-based models. Iranian
Economic Review, 24(2), 489-513.

Jondeau, E., & Rockinger, M. (2006). The copula-garch model of conditional dependencies:
An international stock market application. Journal of international money and finance,
25(5), 827-853.

Kim, D., Kim, J. M., Liao, S. M., & Jung, Y. S. (2013). Mixture of D- |5 copulas for modeling

dependence. Computational Statistics & Data Analysis, 64, 1-19.

Kumar, S., Tiwari, A. K., Raheem, 1. D., & Ji, Q. (2020). Dependence risk analysis in energy,
agricultural and precious metals commodities: a pair vine copula approach. Applied
Economics, 52(28), 3055-3072.

Loaiza-Maya, R. A., Gémez-Gonzilez, J. E., & Melo-Velandia, L. F. (2015). Exchange rate
contagion in Latin America. Research in International Business and Finance, 34, 355-
367.

Liu, G., Cai, X. J., & Hamori, S. (2018). Modeling the dependence structure of share prices
among three Chinese city banks. Journal of Risk and Financial Management, 11(4), 57.

Lu, M. J., Chen, C. Y. H., & Hirdle, W. K. (2017). Copula-based factor model for credit risk
analysis. Review of Quantitative Finance and Accounting, 49(4), 949-971.

Marti, G., Andler, S., Nielsen, F., & Donnat, P. (2017, February). Exploring and measuring
non-linear correlations: Copulas, Lightspeed Transportation and Clustering. In NIPS
2016 Time Series Workshop (pp. 59-69). PMLR.

Nagler, T., Bumann, C., & Czado, C. (2019). Model selection in sparse high-dimensional vine
copula models with an application to portfolio risk. Journal of Multivariate Analysis,
172, 180-192.

Naz, S., Ahsanuddin, M., Inayatullah, S., Siddiqi, T. A., & Imtiaz, M. (2019). Copula-based
bivariate flood risk assessment on Tarbela Dam, Pakistan. Hydrology, 6(3), 79.

Nikoloulopoulos, A. K., Joe, H., & Li, H. (2012). Vine copulas with asymmetric tail
dependence and applications to financial return data. Computational Statistics & Data
Analysis, 56(11), 3659-3673.

Nguyen, L. H., Nguyen, L. X., & Tan, L. (2021). Tail risk connectedness between US
industries. International Journal of Finance & Economics, 26(3), 3624-3650.

Ning, C. (2010). Dependence structure between the equity market and the foreign exchange
market—a copula approach. Journal of International Money and Finance, 29(5), 743-759.

Patton, A. J. (2006). Modelling asymmetric exchange rate dependence. International
economic review, 47(2), 527-556.

Sadrzadeh Moghadam, S. and Hozhabrkiani, K. (2025). Dynamic dependence modeling of
Tehran Stock Exchange industries using DCC-GARCH and copulas across volatility



\PY

VE O Lo ()18 6555 — e Sy proke bt

regimes. Journal of Development and Capital, (in press), -. doi:
10.22103/jdc.2025.25321.1559 (In Persian)

Shahzad, S. J. H., Bouri, E., Kristoufek, L., & Saeed, T. (2021). Impact of the COVID-19
outbreak on the US equity sectors: Evidence from quantile return spillovers. Financial
Innovation, 7(1), 14.

Shahzad, S. J. H., Bouri, E., Rehman, M. U., Nacem, M. A., & Saeed, T. (2022). Oil price risk
exposure of BRIC stock markets and hedging effectiveness. Annals of Operations
Research, 313(1), 145-170.

Shaw, R. A., Smith, A. D., & Spivak, G. S. (2011a). Measurement and modelling of
dependencies in economic capital. British Actuarial Journal, 16(3), 601-699.

Shaw, R. A., Smith, A. D., & Spivak, G. S. (2011b). Measurement and modelling of
dependencies in economic capital. British Actuarial Journal, 16(3), 601-699.

Shi, W., Li, K. X., Yang, Z., & Wang, G. (2017). Time-varying copula models in the shipping
derivatives market. Empirical Economics, 53(3), 1039-1058.

Sina, A. & Fallah, M. (2020). Comparison of value risk models and coppola-CVaR in portfolio
optimization in Tehran Stock Exchange. Financial Management Perspective, 10(29),
125-146. doi: 10.52547/jfmp.10.29.125 (In Persian)

Sklar, M. (1959). Fonctions de répartition & n dimensions et leurs marges. In Annales de I'ISUP
(Vol. 8, No. 3, pp. 229-231).

Sriboonchitta, S., & Chaiboonsri, C. (2013). The dynamics Co-movement toward among
capital markets in aSEAN exchanges: CD Vine Copula approach. Procedia Economics
and Finance, 5, 696-702.

Yao, Y., Chen, X., & Chen, Z. (2025). Portfolio tail risk forecasting for international financial
assets: A GARCH-MIDAS-R-vine copula model. The North American Journal of
Economics and Finance, 77, 102385.

Wu, F., Zhang, D., & Zhang, Z. (2019). Connectedness and risk spillovers in China’s stock
market: A sectoral analysis. Economic Systems, 43(3-4), 100718.

Zhu, B., Zhou, X., Liu, X., Wang, H., He, K., & Wang, P. (2020). Exploring the risk spillover
effects among China's pilot carbon markets: A regular vine copula-CoES approach.
Journal of Cleaner Production, 242, 118455.

Zhu, H. M., Li, R., & Li, S. (2014). Modelling dynamic dependence between crude oil prices
and Asia-Pacific stock market returns. International Review of Economics & Finance,
29, 208-223.



