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Abstract

We compare the performance of two representative estimation methods for the dynamic conditional correla-
tion (DCC) GARCH model. The first method is the pairwise estimation which exploits partial information
from the paired series, irrespective to the time series dimension. The second is the multi-dimensional es-
timation that uses full information of the time series. As a simulation for the comparison, we generate a
multivariate time series similar to those observed in real markets and construct a DCC GARCH model. As
an empirical example, we constitute various portfolios using real KOSPI 200 sector indices and estimate
volatility and VaR of the portfolios. Through the estimated dynamic correlations from the simulation and
the estimated volatility and value at risk (VaR) of the portfolios, we evaluate the performance of the esti-
mations. We observe that the multi-dimensional estimation tends to be superior to pairwise estimation; in

addition, relatively-uncorrelated series can improve the performance of the multi-dimensional estimation.

Keywords: multivariate volatility model, DCC GARCH model, ARCH, conditional heteroscedasticity, pair-
wise estimation, KOSPI 200
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Hgol, A F27h Aol Tt A4 wlE (asset allocation) ol v =S| A7 BelolA 9
H 3] 9] (hedge) S S A4t 7] WA H ASAAE Fotets AL T8 Aoty weEkbA, Apat
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nal VEC 23, Engle®} Kroner (1995)2] BEEK 23, Bollerslev (1990)2] CCC(constant conditional
correlation) 23, Engle (2002)¢] DCC(dynamic conditional correlation) 282] Jejz 2] g+
t}. DCC (E+ DCC-GARCH) B3 H4F 2 FEAHS AH 08 A5 WHOZA uxd B
B FAE 7kl st B Aok FxE AL Jon, xEZE e AddEE AT WY F
4 9 VaR Azl de] o] &5 et
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Dajeman} Festic (2012)& arstoiet. o] W2 aapdoAe] 45 AshA dejstA|rt, Ad 4
BAF7E T8 AAE Bl osiA T2 A ghEe Ptk F oA e, B4 =3
BEE AAG W] A% FHA ddAsE FA%k thakd FAWelth olE 59, Orskaug
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2.1. bCC 2d¥
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FAAL T FEHA AHBAE EAT o o} {83 Byl g3} Ak
re=pe+eg, t=1,...,T (2.1)

ree NAH AIAG e o|aL, iy = E(re| Fro1)€ A AE Froi0] FoAHES of re o] 245 71Hhgt
o, ere tAIFIA S SALR ofFe} Zo] xAE T Utk

l

o
Ht = DthDt. (23)

245 2FAAY] (N x N)A4e hAFd= D, = diag(o11,t, 022,85 - - -, OnNe) 2 U
9 5tk 714 of v E AAD Wge) AR Bakelu], GARCH(p,q) R¥o2 A=
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Ry = diag(Q:) "% Qs diag(Q:) . (2.5)
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p

< Z Z >Q+Zazst iS5t A—Zb Qi—j. (2.6)

Q= Zle sest /T s¢ = Dyt (ry — pe) @l RIZAR EALFEA fdojn], P Q,9 Y¥ART
A (positive definiteness) 3} A AHA] (stationarity)-& ¢]5te] o3 22 2742 Fojdic)
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A EANA Bol A& DCC(L 1) BH9 3%, 4 (2.6)L T3t 22 Belg 7hack

Qi=(1—-a _bl)Q‘Falstflszll +01Q¢—1. (2.7)
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owl gd 2l A (2.8)3 2ol © M Yelx EBY 4 ik

o

FH AAL ol9fe thE AAE BE7F 2O o] RO FE
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3. Al2diold

B Fol M thig AALS 37H«1 24k A, B, C2 9F 1y = (rae,re,ros)’ 2 7P8H 2780
A AEE AE 2 oAk 2R AEAS Hlﬁi‘jr. é 3709 Apak Fo A 4] biido] =
= 2710] ABRE ol Eote] AU FAE (A, A-C E B.C)2k olo] B33l £ 02 i
2| Apat AB7EA) o] g3 Tk A3 A9 (A-B-[C], A-[B]-C, =+ [A]-B-C)7} SEIF JaA
F749 Az ojH JIFS A& A& AlEH |AS Flo] AW HE A} St}
AEH o] R #7]A Q] rmgarch®] &4 decsimE AMS3IG oM, 32 AFEZE Ao 7
¥ zhike] WE A2 GARCH(L, 1)22 2y3lalgn). 4] (2.4)5 913 GARCH E4E2 dul 344
ol EA 2 HBA IS IS NI AFF] ain + B2l ol 1ol ZHIEE of23 Zo] 23}
Atk

w1 0.003 Q11 0.05 /311 0.90
w2 = 0.005 5 Q21 = 0.08 5 ﬁzl e 0.85
w3 0.001 Q31 0.03 ,631 0.95

A (2.6)014 DCC(1,1)9) Bagt ok A3 728 %42 Uehl7] A5l ar = 0.059} by =
09302 1+ Gol 19 A A, AL, AL V9| WD AIAS 225

A AAA T A n X 2polE AT R fJste] 3719 thE FElE AA3ATE 3709 2HE A,
B,C 24 %0 2 FRRAE AL 39 R, Ash B T AR 2 AR 9 39
Roz, BE A2t AABAE Y& RosE ettt
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At T2 AZEA vR AR FBAAE DD o] 83k 1000709 HEAE AR LoH, 27
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Table 3.1. Averaged MSE (mean squared error) of the pairwise versus multi-dimensional estimations for the
dynamic correlation according to three types of unconditional correlation (x 1073)

Type of unconditional correlation

Assets considered

Ro1 Roz Ros
AB 0.53 (0.55) 0.51 (0.54) 3.10 (2.68)
A-B-[C] 0.35 (0.38) 0.31 (0.39) 1.87 (1.77)
Reduction ratio 33.96% 39.22% 39.68%
AC 0.47 (0.43) 0.47 (0.50) 3.03 (2.52)
A-[B-C 0.32 (0.33) 0.32 (0.37) 1.76 (1.55)
Reduction ratio 31.91% 31.91% 41.91%
B-C 0.45 (0.42) 0.46 (0.47) 3.10 (2.63)
[A]-B-C 0.32 (0.32) 0.31 (0.35) 1.82 (1.60)
Reduction ratio 28.89% 32.61% 41.29%

Note: Values in parenthesis denote standard errors.

(i) Roy case (i) Rz case (iii) Ros case
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Figure 3.1. Histograms of MSEs according to three types of unconditional correlations for the assets considered:
A-B versus A-B-[C].
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Figure 4.1. Time series plot of KOSPI 200 five sector indices.
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Table 4.1. Comparison of performances of the pairwise versus multi-dimensional estimations for the dynamic
correlation with respect to Group I assets: ST, SM, and IT

Pairwise assets MAD MSE R2LOG
ST-SM 1.2174 2.6759 7.8920
ST-SM-[IT] 1.2214 2.6770 7.9204
ST-IT 1.0876 2.2139 7.2155
ST—[SM]—IT 1.0866 2.2036 7.2244
SM-IT 0.9287 1.8538 9.8450
[ST]-SM-IT 0.9239 1.8518 9.7879

Note: The bold numbers denote a superior method between the two estimation methods.
MAD = mean absolute deviation, MSE = mean squared error.

Table 4.2. Comparison of performances of the pairwise versus multi-dimensional estimations for the dynamic
correlation with respect to Group II assets: SM, IT, and FI

Pairwise assets MAD MSE R2LOG
SM-IT 0.9287 1.8538 9.8450
SM-IT-[FI] 0.9274 1.8507 9.8357
SM-FI 0.9942 1.9322 7.9201
SM-[IT]-FI 0.9949 1.9311 7.9310
IT-FI 0.8993 1.4867 7.9540
[SM]-IT-FI 0.8959 1.4821 7.9287

Note: See the note for Table 4.1.

MAD = mean absolute deviation, MSE = mean squared error.

7F 2FA 48 2 Tk 2ol 99 SHA ABASE 245D 0|8 o) §3te] EEFe o W
FAL Adsgon, 2449 B7 AEomt thest 2L 3714 £48E o) gk,

t=1
n . 2
R2LOG ="' log (aakh;;k‘t) :
t=1
MAD =n""> |67 14 — huyrpel-
t=1

7N, n 59 F AFE, kit ASAAE, 67,2 t + kAN TEZ 29 A WEALS
UERN S, hyppe 2 ¢t AEOIA AZE ¢+ kAIRNA S MEAel A4S yebdth mebA, Ay, ol
Aol £ 223 4aA+el BG40 MGAG. RAOGE 21U AA WEAH 247 3t
9] Atol& vEhy WEAde]l 2 7k A2 712 29 v AAEE nHst &4t (Pagang}
Schwert, 1990). MAD ( mean absolute deviation)& ©]Ax|7} &A1& w] MSE®] |3 dutzloz &
1;-] itﬂ/\E‘cﬂ. ﬁ_q,g oé% 2 011:]-_7’_ O"E%ZI Q= _4\_/\16-}/\0]1:]. (Marcucci 2005) At+k"] 7;1]/\}% 01]
Z A AoA BEEE=E AF M5 A (realized volatility) 2] thA gt (proxy) ¢! Ef+f+1 (fi — )°& AFe3h
Atk o, fie REEZT 2 9@ £oEolH, fE ASAA 5 TEZT 9 9d £E HFS
vebdch A4 ASAAE k=15 ARSI

Table 4.1 18 To] B3 2% 278 RAF1 o} 24/ 7 AR/24 8 TEZL

]

:[L
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Table 4.3. Comparison of performances of the pairwise versus multi-dimensional estimations for the dynamic
correlation with respect to Group III assets: IT, FI, and CD

Pairwise assets MAD MSE R2LOG
IT-FI 0.8993 1.4867 7.9541
IT-FI-[CD] 0.8967 1.4847 7.9335
IT-CD 0.9023 1.6324 8.0096
IT-[FI]-CD 0.9104 1.6389 8.0619
FI-CD 0.9127 1.4460 7.9263
[IT]-FI-CD 0.9111 1.4431 7.9182

Note: See the note for Table 4.1.
MAD = mean absolute deviation, MSE = mean squared error.

ST E
E E 0.756 ]
| 0.654 0,670 T E E
E. ; 0.640 0.643 0.621 °
: 0.639 0.655 0.712 0.612 CcD ; E

LI LI e T T T T
45 50 510 45 50 5 -10 0 5 10

Figure 4.2. Unconditional correlation and scatter plot matrices with respect to KOSPI 200 five sector indices.
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57N AEIZE 2 AR GRAS Bl u]Fol HAY W, FBBATL e Apre] 24E4E chA F
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Table 4.4. Comparison of performances of the pairwise versus multi-dimensional estimations in computing VaR
of a portfolio based on Group I assets: ST, SM, and IT

Pairwise assets Failure rate (%) LR (p-value) RSE
ST-SM 3.61 1.7447 (0.1865) 2.2705
ST-SM-[IT] 3.35 2.5021 (0.1137) 2.2770
ST-IT 3.35 2.5021 (0.1137) 2.0865
ST-[SM]-IT 3.09 3.4188 (0.0645) 2.0861
SM- IT 4.12 0.6654 (0.4147) 1.8795
[ST)-SM-IT 4.12 0.6654 (0.4147) 1.8707

Note: The bold RSEs denote a superior method between the two estimation methods.
RSE = root of squared error.

4.3. VaRo0| 2|st 0I5 M2} H|w

VaRe Al Ag a aolA] Fol 2 AFGE (1- a)%olA] H{712E Febo] B 7hsd e
Feleo) Hr) L4 o8 Ao, DOC B So4 348 2A% 24324 4Y A9 /15

e wE o] 3] }am ol 24 4 Stk

VaR; = w” i + & (a)\/ wT Hyw. (4.1)

o we REZE S FASE AEY J1EA] WEHoL, &7l ()E BEERATFEEY] FHREFS0
Aghgolrt. VaR 49 AFAL, T3 E HolA d5H VaRY 2H3140]&< A& (failure
rate) ol 24 9l g5k vSHe LR A3 VaRok A 40182 Qv A olSeherE A
4+ 9l= RSE(root of squared error) X% & H7H7]FL Ao B 2oz oS5 = tsso tn]
3to] A7 S A e dE= A "k ©eF VaRgho] YF =4 F3ETA £59] 540
TS wf AA £AA] VaRFE Eol7H HA 0|2 Ad) 7192 ke 7 o] AT VaR#t
o] Y& WA FAHUH FAZTolE FEE F Jo MR g IR Q1 71 Aol 29
o] Ho] JAA £Ao] sty ek VaRZT AAIgke] AfolE vt RSE AR E ]85t
VaR E3o| o £&4< 2R F7lehe 7€ 22 AL 4 )& 4= T} (Sener 5, 2012);

*

T* 2
_ (’IUTT‘t — VaRt)
RSE =, | —— (4.2)
t=1
o= AR S, THE R o|£7]7F 20139 6¥€ 195 20149 129 30Y7HA] 9] do)=
A T* = 3882 AAHHT},
2 oA 428004 AR 3748 AE aFel tiete] TU3 TEZE FAS AFsE
95%2] VaR-& B7eHe Fozm 2 43 ot 4 v st
Table 4.4% 1% I thdt VaRe] H7} AFo|tt. WA RE 44 o =
A 2RE VaRe] A&} o] =& Zro| x| stlals agg Wl o (Fo4%=5%), RSE ZHol|A]
N )EE T AR/ 2] TEZE QY ASE AT vA F Y 2EET A A 3
o] T &35t AIE Kol FTE o]= 4.28¢] Table 4.1914 MAD 7|&3} 543 Aoo|tt.
Table 4.53} Table 4.62 Z+2z} 15 112} 25 M1 tidt VaRe] 37} Axteltt. LR #7300 <JsiA
VaR®] 742 s ¥ ohad FANA BF o84 3 A5tk RSE 7|&lAe, 23 /4
Aot F8o XEZEL9} AERFTATH AanA Y EEZD oA Ad FAHol ¥ HFd

4& LR AAol 93

L FM
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Table 4.5. Comparison of performances of the pairwise versus multi-dimensional estimations in computing VaR
of a portfolio based on Group II assets: SM, IT, and FI

Pairwise assets Failure rate (%) LR (p-value) RSE
SM-IT 4.12 0.6654 (0.4147) 1.8795
SM-IT-[FI] 4.12 0.6654 (0.4147) 1.8776
SM-F1 4.38 0.3256 (0.5683) 1.9334
SM-[IT]-FI 4.38 0.3256 (0.5683) 1.9363
IT-FI 4.90 0.0087 (0.9255) 1.8292
[SM]-IT-FI 4.90 0.0087 (0.9255) 1.8248

Note: See the note for Table 4.4.
RSE = root of squared error.

Table 4.6. Comparison of performances of the pairwise versus multi-dimensional estimations in computing VaR
of a portfolio based on Group III assets: IT, FI, and CD

Pairwise assets Failure rate (%) LR (p-value) RSE
IT-FI 4.90 0.0087 (0.9255) 1.8292
IT-FI-[CD] 4.90 0.0087 (0.9255) 1.8257
IT-CD 3.35 2.5021 (0.1137) 1.8634
IT-[FI]-CD 3.35 2.5021 (0.1137) 1.8745
FI-CD 3.61 1.7447 (0.1865) 1.8789
[IT]-FI-CD 3.61 1.7447 (0.1865) 1.8757

Note: See the note for Table 4.4.
RSE = root of squared error.

VaRE FASgOv, A ZESINNE BT Bl 340
3t RSE 7|52 4.289] Table 4.2 ¥ Table 4.32] MAD 7]—v—_»]— V2 5 4ot 292 RojFct

FEAML e AL Soldel neh At A@Be] Do WS FW o) 9 shitelrh
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