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ABSTRACT

An Empirical Study on Measuring Systemic Risk using

Variance Decomposition and DebtRank method

Ayoung Park
Advisor : Prof. Gabjin Oh, Ph.D.
Division of Business Administration,

Graduate School of Chosun University

In this paper, we analyze the systemic risk based on both the information flows
and DebtRank simulation method in the KOSPI stock market during 2001 to 2015.
We employ the Variance Decomposition method to quantify an information flows
among the 22 industry sectors and calculate the systemic risk by using the
DebtRank simulation method. Here, we find that (i) the systemic risk calculated by
information flows estimated by the variance decompositions method shows strong
positive relations with the volatility as the market risk, (ii) the level of systemic
risk measured by DebtRank simulation on the directed network increases
significantly during the financial crisis such as the subprime crisis (2008) and

European financial crisis(2010).

_iV_

Collection @ chosun



=

<)

Fulo]
Q—Z%

o

CIRECIEE

3

(systemic risk)e] =

A Aol Fagt sAZ o

&
o &7k vk webA Al A

SEEIE

13
of

A1Gg A &

A12 A+ 571

o]

A

I

"o
rze]

Al
o]

=
;on_

"

L
o

)

"o
rze]

A

B

B

(CDS: Credit

:\_:]_’_
3 Ayt 22

o}
AR FSdA(CDO:

securities),

3917}

&

94

=

—

o

3
mortgage—backed

td w83 AbEe]

[e)

R

©

=23
=

94

5

©

BN
T

=3A(MBS:
Collateralized Debt Obligation)#}

=

4 AA Fe AgeIA T
Fe g

-

2007

Default Swaps)2] 7}A 7}

%

o)

=

fal

A d 28y & gzl AIG

}

S

Ase JES

o

=

o

stk o2
A ol

Hl EoHRene M. Stulze(2010)).

o

L

9]

=

=

(CDs)

Ao} AR7E 7}

, shke $713]

3171 913 Al gEss)

S

Al 9EE 3A](hedge)

Collection @ chosun



AA seAFes v =

stk ol A

SHA

o #AE 9% 04

Bt (John Y. and Joao F.(2015),

)

o
Ny

Eric Arentsen et al.(2015))2

3

th o =M

=
5]

ikl

she

| TEAEE T

il

EEER
ve] 7hel A

Ay

she

2 74

A 7

T O
j=insy

—_
"o

—_
"o

o

o

13
of

J(2013)). =&l o= F

O
[¢]

3}7]

Al
1

o}x[aL At o

T Aokl M= T E Al Al aE 9 e] Aol

=
-

a7 ol

o] the

3]

RO EERDE

S

T
R

0]
PN

PN
g 9

e
kil

—_
"o

hws
R84

%

A
HH

o=

==
=)

A

4

1

o
s

1=

FATE KOSPRe| A2 714 <] 2001

]

A F4 A

8 2015 8¥71A] 2271¢] AHY

]

1=
)=

oy ol
G0 o
jod o
o
T~
S oF
iz
g2~
S o
G
T
N
BT
g
ook
B8
-5
X~
w
T 8
T 5
T2
o 5
ﬂm
Moo
= @
| .
ey
OB
X %
ﬁo
o
EOE
(e
S B
[T
g
S, uo
el
)
S
S
=)
£ =
= r
&

ek

o JFoz 7193

L

3

3) =¥ A4 (Korea composite Stock Price Index, ¢Fe] :KOSPD

pEsg

al

e =

W sate] Ve A Ee.
= wilel AHEE I Tk

FA A AlaA S

A7l 7]
ErkEERD o, 20068 119 19

https://en.wikipedia.org/wiki/KOSPI)

Z20
-

Bl @A ol

h=]
-7

v
3

7hA (G

Collection @ chosun



DebtRank#¢] v &3 VDML &-835% ).
A A 2, DebtRank: UES AN & =T(node)d7} E3se 72 1 $8o]
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Act. o9 o] ¥

= al T 2
e BT ootk 24, FREE HESAS DebtRank ¥ =22 Aqtd Al
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o wwd AL a2k A 2FCdM s ARFATE AL & =EelA A
|9 e ArEel disfo] AYdnh Al 3= B AelA AAF A
2o wep Alagl AHE 54 2 B4k, v A 4G 2 =i 48 4
AT el e AR
4) £ =2olA= DebtRanks £-83te] 54 Agae] Sd=RH 24 = ds FH] FAAE
ol e & AFshatitt. (Battiston et al, 2012)
5) & =#oAlE VDM(Variance Decomposition Method)& &-&3te] WE 273 AR AN 4L 5 9l
T dsea " FEFoEM AR EEA Uwe & UEYAE A%3IH. (Diebold and
Yilmaz(2014))
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20009 i 58 #HE FAZ s A5 $ivh O.D.Bandt and P.Hartmann(2000)
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63 a1 itk KALEMLI OZCAN, SEBNEM et al.(2013)+ 23 A3
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integration)o] U ¥2 HA} R. David Mclean and Mengxin Zhao(2014)& 771

g HHNAN G (expansion) T FE (recession) AlFHLoE Fitsle] AadAdd o=

18] desEe WHEr Ad A rAE dFE 4T Jean Imbs(2003)
o 3
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NAel AMAG =1,2,3,--,N)E 7} shte] HEAE aesl] & 5 vk o] H
Ef A =25 7t dAink)S WE/de] 3li1(Directional), W, €[0,1] & A ]

= H]=(Weight)o] £x)8tc}8

3t AAE S DebtRankE =A3dl7] Yair] HA 7
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2
it
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o mg
o
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i
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2
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1, 1fie8

hi(0) = {0, otherwise @
_|D, 1fieS8

51(0)= {U, otherwise 2)

geow 2t AMA T FHel del AA o F7o] Mol Hrh.

h,(t)=1,h;(t—1)+ Zw,,;hj(t— 1), wherejls;(t—1)=D (3)
D, ifh,(t)>0;s,(t—1)=1
s;(t) =11, ifS(t—1)=D (4)

s;(t—1) otherwise

W= A i Z25H A j2 HolE= FA 9 F(amount of distress)S o= gt

21 (3), el Aax =7](t=0)o] Do FejE Al=E= A= ohe AR (E=1)A

o] Y2 WalA Hw e e MAE o olde FHE Aol A7IA &A 9

th U9 AHE Al&EE AAES 48 o] oA =i DAY= v A @k 1

T o] MAEL ddd & e AAE FAE oAl el Al7IaL Y E B A

H 1§ oo F79 ol ¢iA Ak FETE 22 e dE NAES 538
5

Aol AM7A= FARE e JWAERNEH o $42 ofds] ¥ dn

At BE AAEC] MFHE uHA | (t=1), MEH DG v o] F4¢

8) E =i VDM HHES 83t T3 ARSE 4SS DebtRankES AT W) 7154 <13
“(Weighted adjacency matrix)Z AHE3}S 4L o] AHAEERY dAS FEHA olde] e 243
o MEYAE FAst] A9 Ad Ao Fe3h
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Aoz} e A7 Ha h(t)e FHe AL F At o]E o]&sle] rhkd vy o
NEPHHS B HEH o2 YEYAY DebtRankE 78 F vl (Battiston et al.
(2012))

B dATdA TteAE ZE AAEd dElA $L(V,=1/n)stA Fosiglenz

DebtRankE F3dl= 42 t&3 L.

DR;= Y h,(T)V,;~ ZhA,-(O) V; )

[291]e shbe] MEASE oz Eo] A(3), (o] @ DebtRanks] A% A
7o) AolHAe vepdnl [18 1AE 1548 2E AAS g4 E247)
05% Hoid g HEZE et AL ARTHEE G go| AW

213 1. DebtRank Alxra3 AH)

AA 1elM oblz Hdeld  SHe  FES

!

5 Aol A & 91 sAolthhy ( )=1,5,(1)=D. tt& /MNAEL U] FHE A
ol Xtk (1% 30 F WA SdAZ, AA 2= AA 1o ¢

A 29 hy= 0941 0.5x10] Ha Do A¥rt ALt /A 3%
2 FAS Wtk A 12 o PEZE Ha B ool A dol= (A drh
AR GAZ, A 4= A 200 od] FAHE Wtk A 4604

AL 0o A 0.5°x1=0.250] ¥, D AE7t FHrl A 55 A 300 A &
2 ZA o] wpxutol] JWA] 29+ WA 3L 19 AE7E Ha o
dol= A At (o}diE ) ol WA dAE, A 401 &) A
69 AL QoA o] 0.5°x1=0.125% 31, D] Aej7} D}t A 5ol &) A 7=

mlo
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2o FAS e B A 50 A AlA 49 FAL2 0.5’ x1=0.125%5F S}
b A 59 AL old AIZE HACNA HeldHrh =

olujel hy(4) = 0.5+05°0] frh 714 JA 3% JA 59 @EFI|AA AA 3
olul D] Fejrt HJormz WA 59 AL HelrFA FErh =, A SEAFH
o ol FA ddade jlith (obdE ) vl WA dAE, A 64 28]
MA 49 AL 0.5"x1=0.625%F Z7}8lth. /A 60] olu| Do ey} Hoxn

, hy(4) = (0.540.5°) <0.57}

2 A 62 JNA 48] A4S HolA7IA &eth (o E «E8W) oAl ¥iA dA=E,

FHo HMol7} Bt A 125 HES A Hold FAES weth (12 A9

shrh) o] AFo|A Aol® FHL 1)=1Rt} =& h/ )=2.060.2 AArA}
j=1

upels] o] AlaElelM =62 W AL 3.060 HArl a8Ez ¥ Ao A E o

9l 7tk YEYHNA R, = (1/7) % Zh ) =2.06/7=10.2943°] 2 32| DebtRank

£ 72 F dn ole HAx $HEe 7Hiﬂ 1258 AA Ed=d Aol 4 5 3l

=
= 349 32 v e

WA M A8 A EGVARDS o §3le] M4E 7he BAHI BAEL
DEF 0 FL FEAYR BARATEL o 45 WrE e A4S ZH3
Qe BARaE Zelsy] PA0E o] 85 ABH Wyel Uk of WP WFE
o 1ol weh A3 gol @A BAAE BHe] EAeY] wo]l FAHoR W
S5 e ANBAE F4oe MG T BARE A4S AT B AT A
FBe AAE e Adgel aeE sy 8L FA0 6] W] Eeld]
B S RARAES dAstel QwbEel RaRs W (Generalized

o) WE AV RAVARE Bl BE U WEE el FHA ARdAE BT 5
(https:/ /enwikipedia.org/wiki/ Vector_autoregression)

10) Zd27] E3(Cholesky decomposition)s= o|ZrE 3 (Hermitian matrix), %] AFEz =
(positive-definite matrix)®] EafjdlA AFERAT Zd A7) 8o Aye sy stz e
ZodA gdel yow gAY ol B FANAAA F&5HA AHEHT, EH AR AE
gl o] (Monte Carlo Simulations)ol| 4= #8838}t
(https:/ /en.wikipedia.org/wiki/ Cholesky_decomposition)
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Variance Decomposition)2- ©]-&35to] oG5 F 85t tl (Diebold and Yilmaz(2014)).

GVD(Generalized Variance Decomposition)2 o]-&3&to] =& FAX Y y, .,
Sz FoA ®WF oy b AA G HEL o Zth(Pesaran, H. H. and Y.
Shin(1998)).

h—1

//l E BZZW
w/J/ h h—1 (6)
E (Wi/BZZ Bz/ﬁ:y

=0

FotaLat ob= Al IS Hliw @erhal FASA] dtol o dATlA=
h=128 AAste] AMgstAth 28l o, FALA FRAE PP g7 asn
S uigt mE A 2% 1, YA 82ES 0082 FAE (Nx1)9 =27
&zt etk N2 dE R Jiselrh 7 X ek FEA 3
5 -

uigth. Ya BeEAcl AvE A

k1

Infinite moving average representation2 £3] +& 4 tvh
_ N
Zd 27 HiE ol & AL E w, ;=12 WHEAT, GVDL 38A ¢

G web e o] % SHNormalized B WS AHEE )

W, = —— M

Normalized GVDE &3l vt 22 7lsx PdE& 4E 5 AT
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<HE 1> KOSPI F24 A2 AdbA] ¢ FoE AR 7254

No Industry Mean (%) St. dev Skewness Kurtosis J-B SHE

i Food/beverage 0.036 0.015 -0.440 8.508 5020.09"
(Sa28)

2 I‘Z;'z/g‘;?'”g 0.004 0.017 -0.636 9.668 7435.94"
Wood/paper ~ ~

3 (ol o =) 0.001 0.018 0.963 10.589  9891.58

4 Chemicals(3tat) 0.044 0.017 -0.452 6.944 2642 63"

5 Medicine(olotE) 0.051 0.018 -0.466 11.438  11629.51"

g lonferrous metals/ 0.032 0.018 -0.557 8.466 5021.36™
minerals(HI2&s22)

7 ?gz/ztgg) 0.025 0.021 -0.164 7.909 3906.92""

8  Machine(JI2) 0.012 0.023 -0.583 8.959 5949.18"

Electrical/electronics
9 0.016 0.022 -0.172 7.717 3610.34
(HI] & &XH)

Medical precision

0 oz mel) 0.022 0.029 -0.166 5.740 1229.38"
g9 Transport - equipment 0.043 0.022 -0.351 7.568 3446.40""
(2% &4l)
12 Distribution(SE2) 0.015 0.019 -0.425 8.948 5825.94"
Electro gas
18 (mo] o) 0.009 0.018 0.114 7.807 3737.99
14 Building(2&el) 0.004 0.025 -0.171 8.492 4885.85™
15 1ransit - warehouse 0.02 0.023 -0.363 7.255 3006.52™*
(24+%20)
Communication
16 (maol) -0.028 0.018 -0.173 9.483 6801.02
17 E'_jffij?' business 0.006 0.021 -0.060 8.619 5008.23""
[=R=1=I
18 Banking(28) 0.007 0.023 0.058 7.914 3898.23""
19 Securities(=2) -0.004 0.028 0.049 7.556 3351.72"
20 Insurance(2 &) 0.043 0.022 -0.008 8.005 404219
21 Service(MHIA2) 0.004 0.018 -0.716 10.584  9612.69™"
pp Manufacturing 0.028 0.017 -0.465 8.635 5064.50"™"

(HZ2)

J-B @4 E A %(Jarque-Bera test statistics)< x°

AAA = ZhzE 5999 921 o]th.
217} 509 1% §915E Sl A fo)@g ek,

£XE W 5% 2 1% 9

X
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<3t 3> KOSPI H¢ AHBEIH} AdHsA he] A

Beta t-value
2002 0.014%xx 15.384
2003 0.021%x* 60.790
2004 0.008x** 22.139
2005 0.030%** 24.281
2006 0.011xxx 21.503
2007 0.010%*= 16.124
2008 0.054 % 25.202
2009 0.056%** 68.670
2010 0.016x** 51.505
2011 0.014%xx 54.401
2012 0.012%%x 80.995
2013 0.005%** 10.669
2014 0.003** 40.036

wex = 1% ol 4o BAH Felgg duan
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<& 4> KOSPL A9 7} A= JHB 59 7|28 A%

Mean Median Min Max Std. dev Skewness Kurtosis
2001 0.001 0.001 -0.128 0.068 0.022 -0.773 8.138
2002 0.000 0.001 -0.074 0.074 0.020 -0.172 3.705
2003 0.001 0.002 -0.046 0.049 0.016 -0.059 3.616
2004 0.000 0.001 -0.059 0.047 0.015 -0.514 4.609
2005 0.002 0.002 -0.028 0.030 0.010 -0.248 3.372
2006 0.000 0.001 -0.035 0.034 0.012 -0.460 3.697
2007 0.001 0.002 -0.072 0.055 0.015 -0.697 6.409
2008 -0.002 0.000 -0.112 0.113 0.025 -0.304 7.386
2009 0.002 0.002 -0.062 0.057 0.016 -0.391 4.830
2010 0.001 0.001 -0.031 0.021 0.009 -0.549 3.670
2011 0.000 0.000 -0.064 0.049 0.017 -0.368 4.553
2012 0.000 0.000 -0.035 0.029 0.010 -0.082 4.068
2013 0.000 0.000 -0.020 0.029 0.008 0.247 3.947
2014 0.000 0.000 -0.022 0.018 0.006 -0.202 3.573
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