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Single asset case
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Multivariate case

rit — 04.t€q t, €t MV N (0, ].)
COV(Tity T t)=0ij.t =0i10j tPijt

Jf,t = f (Eg,t—l:lgit—l)
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Covariance matrix

- 2
01t Jl,tJZétPIZ,t
02.t01,tP21,t 09 ¢

| ON,t01,tPN1,t ON,tO2tPN2,t

— Symmetric and semi-positive definite!
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Common Approaches: GARCH-CCC

_ Covariance Oij,t = 04,t04 tPij

y: = Cx; + €
€+ — Hi/2l/t

H, = D;/’RD,’’

— Formally (matrix notation):
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Common Approaches: GARCH-CCC

Uf,t 0O --- 0 / 1 pi2 - Pim

0 ggat - 0 P12 1 o Pom
D, = : R = , - . °
0 o --- afn,t \le P2m " 1

in which each az . evolves according to a univariate GARCH model of the form

2 2 2 q: 2
Ui,t = 8§; T j=1 aje?',,t—j + j=1 nBJo-i,t—j
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Common Approaches: GARCH-DCC

— Covariance Oi4.t = O04t05 tPij.t

— Formally (matrix notation):
y: = Cx; + €
€ = H%put
H, = D/*R,D}/’
R, = diag(Q,)”"/*Qdiag(Q,) ™"/
Q:=(1-X = X)R+ME 1€ 1 + Qi1
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Common Approaches: GARCH-CCC

0%, (2) - 0 1 P2ttt Pimt
0 o5, --- O P12t 1 e P2mt
D; = . . . . R; =
0 0 Tt O-?n,t Plm,t P2m,t =°°° 1 /

~ . . . _1 2
€; is an m X 1 vector of standardized residuals, D, / €:; and

A1 and A9 are parameters that govern the dynamics of conditional quasicorrelations. A\; and
Ao are nonnegative and satisfy 0 < Ay + Ao < 1.
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Common Approaches: EWMA

— Covariance

(]- _ )\) Z Anri,t—nrj,t—n

n=0

— (1 — )\) Tit—mTjt—n -+ Agij,t—n

Oij,t+1
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Example of DCC-Garch in R

rm(list=1s())

#install.packages('rmgarch')

Library('rmgarch’)

Library('rugarch")

getSymbols('AAPL" ,src="yahoo', from="2020-01-01",periodicity =
getSymbols('MSFT',src="yahoo', from="2020-01-01",periodicity
r.AAPL<-di1ff(log(AAPL[,6]))

r.AAPL<-r . AAPL[Z2:1length(r.AAPL) |

r.MSFT<-diff(log(MSFT[,6]))

r.MSFT<-r MSFT[2:1length(r .MSFT) ]

"daily")
"daily")
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Example of DCC-Garch in R

# Define univariate Garch model

Garchl.l <- ugarchspec(variance.model=11ist(model="sGARCH",garchOrder=c(1,1)),
mean.model=1list(armaOrder=c(9,0)),
distribution.model="norm"

# Define multivariate model

MGARCH<-dccspec(multispec(replicate(2,Garchl.1)),dccOrder = c(1,1),distribution = "mvnorm")

# fit to data

F1itMGARCH<-dccfit(MGARCH,data=data. frame(r.AAPL,r .MSFT))
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Example of DCC-Garch in R

> F1tMGARCH

. *
* DCC GARCH Fit *
. *
Distribution : mvnorm
Model - DCC(1,1)
No. Parameters 11

[VAR GARCH DCC UncQ] [0+8+2+1]
No. Series 2

No. Obs. : 1240
Log-Likelihood 6898.451
Av.Log-Likelihood : 5.56
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Optimal Parameters

Std.
.000483
.000003
.011519
.012459
.000482
.000002
.011758
.013422

[AAPL .
[AAPL .
[AAPL .
[AAPL .
[MSFT.
[MSFT.
[MSFT.
[MSFT.

Adjusted]
Adjusted]
Adjusted]
Adjusted]
Adjusted]
Adjusted]
Adjusted]
Adjusted]

[Joint]dccal
[Joint]dccbl

.mu
.omega
.alphal
.betal
.mu
.omega
.alphal
.betal

Estimate

[ SR O S IO I O T O I O O I O8]

.001413
.000011
.087273
.882140
.001019
.000013
.094510
.867577
.076845
.841842

S 00000000

Error

.040745
.123231

t value

-\I
OO N O N PN

(o) I

.9252
.3202
.5762
.8018
.1152
.3298
.0382
04.
. 8860
.8314

6386

Pr(>1tl)

SO0 000000

.003442
.000016
.000000
.000000
.034413
.000000
. 000000
.000000
.059298
.000000
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Example of DCC-Garch in R

> F1tMGARCH

. *
* DCC GARCH Fit *
. *
Distribution : mvnorm
Model - DCC(1,1)
No. Parameters 11

[VAR GARCH DCC UncQ] [0+8+2+1]
No. Series 2

No. Obs. : 1240
Log-Likelihood 6898.451
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Example of DCC-Garch iIn R |plot(FitMGARCH)

AAPL.Adjusted
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Example of DCC-Garch iIn R |plot(FitMGARCH)
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Example of DCC-Garch in R plot(FitMGARCH)
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Example of DCC-Garch in R |plot(FitMGARCH)
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