oooobbooooooobod
guoouoooogooon

ooood

goboodob obbooboo oooobo
gobooooodan

gbooooooboooooboobooogn
—H2800000000 —

—O00000000000000000O0000000O0000O0000O0O000O00000O00OO000OO000OA0.

oooo (TMU) ooooOooo



00
0O

Quooo

@ Uoooooooooon
@Q@uoooooo
QuUooooooooooo

GDDDDDDDDDDDDDDDDD

Qooo

—O000000o0o0ooooboooooboooooboboOooDoD
Isogai, T., "Building a dynamic correlation network for fat-tailed financial asset returns”, Applied
Network Science 1(7):1-24, 2016, http://link.springer.com/article/10.1007 /s41109-016-0008-x

oooo (TMU) ooooooo 2016 O 80 290 2 /34



gooooboooad

OO0: 00000C000000007
e J00ODOODOOODOOOOODOOOODOOOOODOOOOO
» 0: 00000000
e D0OUOODOOOOO
» 00000000000000000

e JO0UIDOOOOODOODOOOODLOOLOODODLOOOOOOOOOONn
go

0o 0dddooboooooobooooooooooooon
e J0IDOUODOUODODOOODNODUOspurious correlationd 000000
e JO0UIDODOODODOODOODO

e J00IDOOOOODOODOOOODOLOODOODLOOOOODOOOOODn
goooooboooon

e I0UIDOODOOOOODOOLOOODOODO

oooo (TMU) ooooOooo



goooo

oooobbofooooobboogd

StaticOOODOOO-0000O0ODOOOO:

Correlation matrix Adjacency matrix
1 0 Correlation network
c— 1 [o2]o01 o [o02]o01
D Preprocess )| > 021 > 020 =
0.1 1 0.1 [
Asset price  e.g. log returns 1 [
~
Data filtering for network building Network analysis
v
DynamicO OO OOOO0OOODOOODOOODOOOODOOODO:
S —
Conditional (dynamic) correlation
Time series Unconditional (static)
correlation
WY
(:mw;\ax\"“mB
v
ooooooo 2016 O 80 290 4 /34




Do0oOooOoooooa

@ UOooooDoooooo

oooo (TMU) ooooOooo



Do0oOooOoooooa

Doooobbooooooboboooooon

oo00:
Cov (X,Y)
Var (X) Var (Y)

XYy =

0000 pxyDOOODOOOO?

1. White noise
[ 1

2. Large shock >

N

@ D000DD00NDON0NDDOODD ~ N (0, 1) = cor(xl,x2) =0
@ D000DD000NDOD0NDNDO0ODNDNO0 ~ N (0, 10) = cor(x1,x2) = 0.8

oooo (TMU) ooooOooo



Odooddootdooooooooodoon

GARCHOOODOODOODOOOOO:
e lOOIDDOODLOODDOODUOODLDOODDOODLOOD

Nikkei(og roturn)

i.i.d.; variance=1

Fattailed | _ " Standardized
return || mean * Volatility | x 1" ogiqual |
. " Scaling factor  Probabilistic
Data Location (Deterministic) variable
I I
Distorted correlation Reliable correlation

v

oooo (TMU) ooooooo 2016 0 80 290

7/34



ARMA-GARCH [ 0 [0

(M)GARCH:
rt:“t"‘st:l"t“‘H%/zZt (1)
w, = E(ri|Fi-1), E(z:) =0, Var(z;) =1,

where H. is a conditional variance covariance matrix (volatility), I, is an identity matrix
of order n, and F;_1 is the information set at time t.

Mean model: conditional means modeled by ARMA(P, Q), separately

P Q
Ut = b+ Z ajre—i + Z bjet—j (2)
i=1 j=1
Volatility model: conditional volatilities as a vector form of GARCH(p,q)
q P
hi=w+) Aig;iOeej+ Y Bihy_; (3)
i=1 j=1

where ©® denotes the Hadamard operator (the entrywise product).
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DCC-GARCH: 0 O0ODOOD0OODODOO GARCHOODO
. . . Multiple
GARCH Dynamic Conditional Correlation correlation
filtering Joint matrices
stockl —>[ volatility x reS|duaI
stock2 —>[ volatility x re5|dual

e JIIDDOUDODDOOOt-copulalOdOO

distribution
modeling
Correlation
dynamics
modeling

N
1
f(rtm, he, R, 77) = S (upe, .., unelRes 1) f(zalt)  (8)
t \/_ t t H\/ﬁ t t

where uj.y = Fi(rj.t|pi-t, Vhit, 0i), 0 is a parameter set including the ARMA-GARCH

parameters and distributional parameters of i.i.d. residual z;, ¢t (+) is the Student t-copula

density function, and 7 is the shape parameter of the Student t-copula.
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DCC-GARCH: OO ODOOOOOO

e R,ODDODOOOOODCOODO: 0000 QUOOOCOOOLOOOOOOO

ogdoodg
R, = diag (Q;)"* Q.diag (Q)* (5)
Q:=Q+ Z a; (Zt—iz;_,' - Q) + Z b (Qe—i — Q) (6)
i=1 j=1

Q: 0 R: 0O proxy 000 z; O standardized residuals (shocks).
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v
Comparative analysis
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1. Transportation 50 D 1. Dynamic D 1. Intensity
2. Banks 50 2. Moving window 2. Structure
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DCC-GARCHOOODOOODOOOOO:

e 0J0O0ODODODODO DCC-GARCHOOOOOOOOOOO
e J0ODOODOIODODOOUOUDODUOOUDODOO R,OOOODO

DCC Estimation Result

Sector m, n al bl b2 bl+b2 n
Transportation 1,2  0.0061  0.4161  0.4493 0.8654 30.4160
equipment (0.0007) (0.0808) (0.0805) (1.2898)
Banks 1,2 0.0094 0.3940 0.4461 0.8402 21.5952
(0.0009) (0.0686) (0.0695) (1.0033)

Note: DCC order (m, n) and parameters a1, by, and b, are defined in (6). 7 is the
shape parameter of the Student t-copula in (4).
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(Amax scalar) changes in correlation
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Correlation Eigenvalue y
matrix decomposition
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Direction

e J0DDOD =>000000OOOOOOOOOOOgq,,, 00000
00000 g,y (benchmark) D00 000000000000 0O0O0O0OO
ooooooo.

e J0UDODDOUUDUOODDMODOO normalized cosine distance) 0 0O 0O O

x-y > xiyi

cos(0) = TR = m, v(x, y) =1 — cos(9) (7)
v _ 'Y(qmax~t7 amax)
max-t — —std('ymax) (8)

v
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e J0UIDOOUOLOODODLOOOODLOLUOODOLOOODOO

J

Eigenvalues of Dynamic Correlation Matrix

Eigenvalue 99 percentile
I._argest 2n.d largest Tracy-Widom
(min - max)  (min - max)
Transportation equipment
Dynamic 2428 - 27.17 097 - 1.40 1.38
Moving Average 19.97 - 31.39 1.32-2.67 '
Banks
Dynamic 31.56 - 3520 1.25-1.73 1.38
Moving Average 25.89-39.60 0.84-270 '

Note: Eigenvaues of R; are calculated on every trading day during the observation period. The min and

max represent the minimum and maximum of the vector of corresponding eigenvalues, respectively.
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