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O|XI2d4) ¥1Sd Q-GARCH 23 9| Uy

gtRIOH - B 2412 . =M

lS ORISR S AR} 2S5 HOAIC S W SHSH, ST XITHSH . S HISHR}

(20104 10 F4, 20104 122 HEH)

9% GARCHR. 2926l $54 U dsiad SUTAS s ARE 234 $98I A o
der term) oy =JEF} A
%]/\-LQ_ /K’]Dﬂ%}.‘— 03]?"5‘]-

) 3

form) & FAUTIR & £ gk B =RelAE aﬂ%w M]E; felel m}%& % AAFE TRT oA
< A
= hal

2l (quadratic form) W54 ZY¥E

TREN: WsAH (volatility), 0|AFad4](quadratic) Q-GARCH, BL-GARCH.

1. M2

7L olZkg, g 53 e FHAALY HEA(volatility, 2AF EAH nE EH)S HU F

Z (leptokurtic; heavy-tail)d @3} W54 FF(volatility clustering) @4 53 &2 bzl AjAE
[e)

m{o

A & YA o= 2 7R AZES g4 H3T 5 ot o] T2 5A& Engle (1982)0] A3
ARCH 282 2 A A8t o] &, Bolleslev (1986)2] GARCH & 3 37} Hass (2009)2] AVGARCH (absolute
value GARCH) 5 t}%Fst 753EH./] ARCH® 23o] 7l ct. 12y GARCH 29| 79 )
o WA IA FAEE AtolY vUiAA FAE W] ofEE BAIZE el vERGa 9, F
< ATolAe old ME4Y nhAEE FRste EAA-vH3 TGARCH(threshold GARCH) &
& o] Rabemananjara®} Zakoian (1993), Glosten 5 (1993)°] <Js] 7=y HEA e ZH
Aoz £og9 AFTgoltt. 7|EY @2 GARCHF EPE9 WHEA T4E AHid £JE9
AEFE dou FuEAE AL thide] By s8] daat(first order term)oly &
7 W59 E_"]-%(}(mteractlon term) LFERLEA) Qgt dx138 W ]-'ac}% HEA HIAS

% GQARCH(generahzed
quadratic ARCH) 232 W5 1 474 "°‘§~+ TIESY] AAYS TFFo=A WEA vl
AL 4939y, Stortigh Vltale (2003)2 oA A|Ho WEAT} Folge] WS o] L3 BL-
GARCH(bilinear GARCH) 23< A|¢tetgct. B =RoixEs WEAT $o5E Ato]o wxdt @

0

Qe 3 o244 (quadratic form) WEA B s 275k, FH FEAAL Agol 4
@ 5wl A glov) 1Ee o AFA WEY BYEL Q-CARCHE sl Raslz @

o}.

Brlote] AL 20109 AR (LEHA/1ER)] ANOE FHATATY A AL Wol £ AT Y[NRF-2010-
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2. O|XIdA! BiISM Q-GARCH 23

ARCH 23 (Engle, 1982)2 @2} Alge] 248 242 AAANHY LA (+AE) Alu A
2 F¥3Ir}. Bollerslev (1986)+& tha3t 22 GARCH E3¥-& A3l

q
hi = ag + ZO@E?_Z- + Zﬁjhtfj- (2.1)

A71A, ap >0, a; > 0, B; > 0 YU]3aL, {e:}+= F 00| B4 19 iid. I ot}

GARCH E3dA dAAe 2R 42 &3 A _,_7(]—'5]":4 Zlogt geg vty I Rol= F
#atrt. ol £ A H (good news; e,-1 > 0)2} W A K (bad news; e;—1 < 0)°] Wzt th2 A vh&
3= APAEA Ao A Q] “leverage effect” & AW E = gl ‘?_1—753% 7FAt}. Black (1976)° 2] 22 Al
AlE “leverage effect” & ZP‘V\ &9 slEo] 714 WEAHE STt THAR BA A= IA
o o AFEF A AR BAF Aboldl 59 4 J&J&ﬂlﬂ AL oulsict. mebA] x| HE
3 %*‘:‘QE =Rl 37191 H3l RS “}‘ﬁﬁk— 2 FR ot “ﬂ%"éﬁ o =

N m
Rl
o
o
o\ rulo

ﬂ+ AAel =% A Aolo) *JJ?%T&?%]% s 4 3)

= QurEl
ol F3= o] %E‘r. ofefol]l 274= = o8] 7H4 Q-GARCH R¥ &2 Hl %@Oﬂ m}a} —r’%“?}% hek
3] AAEA ot 5 o] e Zast RPES o] AA(, BFFAFY A4, TR,
Age 24 27 5)ol A= ANE AL Fusy) vl

<k 3] Sentana (1995)+ 7 FAEL] APFTre} +=AEES] WX (inter-
action)< 01% o 25 24 @& AAsktt. GQARCH(r, s) 232 z

ht7a0+2azat Z+Z§st Z+2Z<”6t i€t j+25kht k- (2.2)

i£]
E3], 942 2y GQARCH(1,1) R¥L tha7} 2}
he = ao + cnef_y, +0160—1 + Brhe—1. (2.3)
248 B2 h7F Fol7] f3 ao > 0, i > 0, 61 < dapar ¥ RAS FQ=E S} 3 51 0] S5
o 2R B g0 G W ok Y of ©f 2 dFS WA FHBE “leverage effect” &
Z2As= B9 %8s st

2.2. Bilinear GARCH(BL-GARCH) 2dH
Storti®} Vitale (2003)2 XZAF R4k tha3} Zo] %33 Bilinear GARCH 23 AAISHITH

(BL-GARCH 2%).
£t = \/’;&n

ht = ao + Z it + Zﬂjht—j + Z’Yk&‘tfk Vhi—k. (2.4)
i=1 j=1 k=1
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o71A, r* = min{r, s}. X2 BL-GARCH(1,1) 232 t}e3 2t}

he = o 4 cnei_y + Brhe—1 + Yigt—1v/ hi—1. (2.5)
A7V, a0 >0, a1 > 0, f1 > 0, 7E < 4o 12 AR Bake] Gz ASo|Th
21 (2.4)9] BL-GARCH E oAM= ek \/hi—r 2] interaction &l 2]3] “leverage effect” & A9
T % Sleh oAl A, 7t 84 B o0l B whe RO Bako) ZaaAT 0] 4
wlE 29k A% Bao] S5l Ho} Wt A WE AL wd 4 9A B,
2.3. Sqaured absolute value GARCH 23
Hass (2009)°f 2]5] 271¥ Absolute value GARCH(1,1) 282 t}23} 2t}

&t = \/hTet,
Vhe = ao + ailei—1| + B1v/he1, (2.6)

o714, ag > 0, a1, B1 > 00131, {er}= B 00]aL F4F 1< d.i.d. FAolth A (2.6)= AHE 37,
A A -] A& HEA]o At B olyzl T 39 interaction 7FA] ESSH= o3 22 2 A
R R4 AL A 4 9

he = ao + arer_1 + Brhe—1 + mlet—1] +v2v/hi—1 + y3lec—1[v/ hi-1. (2.7)

4. News Impact Curve

Engle} Ng (1993)°] 2]3 %2 271¥ News Impact Curve: t — 2A|871A]2] AH = z
AZ1, t —1IAEY] T8 g 1T I vy AlFY HMEAA b BAE JPzE B8 Ao g,
t— 1/\1*“1]/\14 MEL ZR7F gl duieks JFE FEAE SH8E & A4 Ttk TGARCH
EEEY AP g1 = 02 E42Z negative shock? ;-1 < 0 FE3} positive shock?l g,-1 >
0 &9 A= = 7]37] E5) vthA 29= A|dHow &9 o 4 glon “leverage effect” 7t
ST g1 < 0 F2oANAY bS] 71717 erm1 > 0 B2OlA Y 71718t o AXA "t
TGARCH R2&2] New impact curve:= 419 5 (2009)& #3l7] vigbc) whd, B =FoA &
7Net GQARCH 233 BL-GARCH 239 AP, g1 > 0 FEO2F 0]5 3 News Impact Curveo]
FA &l vt B7F A8 weElbA, 380 A 2] AFEA A= Q-GARCHS} vIth3 444 o]
T2 TGARCH E&-2 vl 24 tiiol A AL sl7|= st

3. sUl s8AAIZS] S8

& ZoAE 20061 19FH 2010 647HAS] S S8AAE AFE(KOSPI, KOSDAQ, 4344
F7HE o83kl thEAA AR o] F4F 22 GARCH( 1) 233t &F Aolla &70% Squared-
AVGARCH(1,1), GQARCH(1,1), BL-GARCH(1,1) & HFAA mokty. 2z 259 $9

ES EFo HAFAZ7] Hste] 23 AL (olE nE ﬁ?ﬂa‘vli AL & EAe o] &3S

GQARCH(1,1)3} BL-GARCH(1,1) 239 n|tidAE AdFe=z Folstr] 93]l GARCH(1,1)

2383} 8|2 3te] News Impact CurveE AASIATE &3 H o) 22833 AIC, MSE SA%

#FE A 1 Est RYES vlw et} stk BA9AEL2 BE A5 Usl] FABIEZ KOSPI Aks
_]

o Thal A AAS] 1eela A Al talAs B4 AT 8 okete] AX ST
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riz-11 e{E-1} rie-1}
I3 3.1. KOSPI?| @80 U2 News Impact Curve

3.1. Al¥IEA 1: KOSPI
20063 19%E 2010 6¥7HA1Y 1,116718] & dlolelE |83l GARCH(1,1), Squared-
AVGARCH(1,1), GQARCH(1,1), BL-GARCH(1,1) 23S A3 A A B 9kth. £4, GARCH(1,1)3}
Squared-AVGARCH(1,1) 282 3412 ol]e} it}
o GARCH:

v = 0.000333 + &4

hy =5.92 x 1077 4 0.0813e2_; + 0.9061h;_1
e Squared-AVGARCH:

v = 0.000947 + &,

he = 5.5x 1075 40.009483¢7_; +0.8286h; 1 +0.000046|e; 1| +0.00043+/hy 1 +0.1773|e; 1 |v/For—1
GARCH R 383} Squared-AVGARCH B3 BT ¢ = 02 2407 AFHO RFo| AJaglo] 72
3719 W3S wkgdsitt. 22v Squared-AVGARCH R 39| -9 o] AAIR Lx13He] Al Faholqt
43S W GARCH B33 th2 A 14 =9E # ofyel 053 WsdAo]9 interaction F-& =
a3l 9lo, Z4Zke] o] A MEAd ofH JFE FEA AT 5 Y S o]Fe] Atk

GQARCH(1,1)3} BL-GARCH(1,1) 2 3¢] 4412 t}g3} ).

f

e GQARCH:
v = 0.00012 + &;
he = 2.02 x 107% +0.1017¢7_; + 0.8530h;—1 — 0.00094€;—1
e BL-GARCH:
v; = 0.000105 + &;
he = 1.45 x 1075 4+ 0.0889¢2_; + 0.8838h;_1 — 0.182¢¢_1+/ht_1
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il — GARCH
©* GOARCH
- BL-GARCH

0.0015

0.0010
I

KOSPI : hit)
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0.0000
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e{t-1

12 3.2. KOSPI2| News Impact Curve

H 8.1. KOSPI Atz2| &g ylw Bt

Model GARCH Squared AVGARCH GQARCH BL-GARCH
Log-likelihood 4107.247 3173.577 4132.464 4133.79
AlIC —8206.49 —6337.15 —8254.93 —8257.58
MSE 0.0000527 0.000281 0.000053 0.000053

= KOSPI #A59] A9, GQARCH 23X 2x139] 113 A42} BL-GARCH 239 interac-
tione] A%7F 849 AL FAN oIS L AR FL Arurh WEAel B A L F3
98-8 oy,

ZF 2ol Wxo thAAS sty ¥d GARCH, GQARCH, BL-GARCH R 32| News Impact
CurveE 19 3.19) xﬂ}\]—g]_odr;}_ OHoA Aoz A3l e 2y A & Aoz A} &, A
H S 2AS Aot T3, GARCH 233} nlusjA], GQARCHS} BL-GARCH 23] vt
AALS el Y&, 23 3. 2°ﬂ Al 239 News Impact CurveE A|A|ct. GARCH R o 1]
GQARCHS®} BL-GARCH 23 o] ex13ke] #3530 met figAe] vithdAer vighS A3 4 9}

22X g5 AJAEE v|wd}t7] ¢35 73 Log-likelihood, AIC, MSE+ t}23} Zt}. MSES 7
£ 7+ B39 grSo] A9 o]l Al UERIA W, Log-likelihood2} AICS] 7% ]2 RS0 v oH
27a

3o S4% A¥HS Hge & 4 ek,

3.2. ARRIEA 2: KOSDAQ
2006 1¥95E 20109 697149 1,116719] 42lE Ho|HE o]839] GARCH(1,1), Squared-
AVGARCH(1,1), GQARCH(1,1), BL-GARCH(1,1) 2382 A3 A#A Bty B3PS FHAL o}
e} 2ok
¢ GARCH:

ve = 0.000708 4 0.111614—1 + &

hy = 2.24 x 107° + 0.3598¢7_; + 0.5924h;_1
e Squared-AVGARCH:

vy = 0.000647 + 0.1399v; 1 + &

he = 1.6 x 1076 4 0.089¢7_; + 0.4936h;—1 + 0.000754|e;—1| + 0.001772v/he—1 + 0.4202|e1—1 |/ he—1
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gl 38.4. KOSDAQZ®2| News Impact Curve

GQARCH:
v = —0.00029 4 0.11299v; 1 + &;
hy = 2.4 x 107% 4 0.3484¢7_; + 0.6234h;_1 — 0.000375;—1
e BL-GARCH:
vy = —0.00035 + 0.1244v,_1 + &¢
he = 1.7 x 1075 4 0.3329¢7_1 + 0.6853h;—1 — 0.3377e1—1v/Pi—1
GARCH, GQARCH, BL-GARCH 2329] News Impact Curvet= 213 3.3, 3.49} Zt}.
KOSDAQ #tg2] A5 vluld W5 AL News Impact CurveE 53 &8 4= Qo). T3k & 3.2
A A A& 4 95, ¥thd 23 A BL-GARCH 23 o] Log-likelihood¢} AIC 3t 25 243 %
o)

Ll =
S [e) [e)
e e @
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I 3.2. KOSDAQ Xl29| A&t "|lwZut
Model GARCH Squared AVGARCH GQARCH BL-GARCH
Log-likelihood 3156.406 3151.858 3182.757 3189.512
AIC —6302.8118 —6291.715 —6353.514 —6367.024
MSE 0.0003146 0.000315 0.000315 0.000315
GARCH{1,1) GORRCHIL,1) BL-GARCH{1,1)
" [ « o § i [}
g _ 0 ® £ o a® a o ®
- & =1 -]
o - ¢ o oo
g p -] 24° e
- o - -
] g 1.
T T T T T T T T T T T T T T T T T
1.1 .05 0.0% 0.15 0.15 Q.05 0.05 0.15 .15 .05 .05 Q.15
elz-1} e{t-1} i1}
3 3.5. MHHX FItol 280l W2 News Impact Curve
3.3. ARIEA 3: £PATIAL
2006 19%E 20103 697112 1,116719] $=9]E dlo|E]E o]g3ted GARCH(1,1), Squared-
AVGARCH(1, 1), GQARCH(1,1), BL-GARCH(1,1) 23< 23 XA Kt} 23] 2L o}
et 2ot
¢ GARCH:

vy = 0.000262 + &,
ht = 3.154 x 1077 + 0.0457¢2_, + 0.9474hs—_1

e Squared-AVGARCH:

ve = 0.000412+€; hy = 5.527x 1075 4+0.0047627_1 4-0.8749h; 1 +0.000032|e;—1|40.00044~/h; 1 +
0.129|e¢—1|vRi—1
e GQARCH:
vi = 0.000211 + ¢,
h:t = 3.065 x 107°% + 0.0456¢7_, + 0.9478h;_1 — 0.00012e;_1
e BL-GARCH:
v = 0.000153 + &;
hi = 2.979 x 1078 4 0.0445¢2_; + 0.9491hs_1 — 0.01414e;_1+/hs_1

GARCH, GQARCH, BL-GARCH 23] News Impact Curve:= 213 3.5, 3.6, & 3.33 Zt}.
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2 3.6. MMM XISl News Impact Curve

E

3.3. HETA It ARe| HMehs bl wEnt

Model GARCH Squared AVGARCH GQARCH BL-GARCH
Log-likelihood 2783.500 2778.202 2783.578 2783.88
AIC —5557.0009 —5544.404 —5555.156 —5555.76
MSE 0.0004654 0.000468 0.000467 0.000467

MSE®] 3% 2t 23] gtsol A Aol7h Al UEhA R, Log-likelihood 2} AICS} 79 the &
=l Hlsl GARCH R3] 58 Agye 7S & 4 3tk ol I8 3.69 News Impact
Curveoll Xl & ¢ o] A-AL 71 A5e] WEAo] 0 T4z thAd 234z 4T 5 3
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Quadratic GARCH Models: Introduction and
Applications
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Abstract
In GARCH context, the conditional variance (or volatility) is of a quadratic function of the observation
process. Examine standard ARCH/GARCH and their variant models in terms of quadratic formulations
and it is interesting to note that most models in GARCH context have contained neither the first order
term nor the interaction term. In this paper, we consider three models possessing the first order and/or
interaction terms in the formulation of conditional variances, viz., quadratic GARCH, absolute value GARCH
and bilinear GARCH processes. These models are investigated with a view to model comparisons and

applications to financial time series in Korea.

Keywords: Volatility, quadratic GARCH, bilinear GARCH.
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