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Analysis on the linkage of stock markets in east Asia
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Abstract

The purpose of the study is to explore that under the background of increasing
interconnectedness of global markets, any stock market in an important region would
be affected by markets from other countries and regions due to fluctuations or
unexpected events.

In this report, we are order to explore four major indexes from different
countries’stock markets in east Asia. They are South Korea's "KOSPI" index", Japan's
"Nikkei" index, Taiwan's "Taiwan Weighted" index and Hong Kong's "Hang Seng"
index. Every of the four index is an important indicator in the country's stock market,
in addition to exploring the stock market in the four areas individually ,we plan to
focus more energy on Analysis on the linkage of stock markets in these area.

In the report,we collected the data consisted of daily closing values from
December 1, 2010 to December 1, 2018, and then we got the daily stock-return series
by taking the logarithmic difference of the daily stock-index times 100.That is
characterized by volatility clustering and thick tail high peak.This paper focuses on
the correlation of understanding the stock market in east Asia, so as long as one of the
stock market is not open, then we will delete that day’s data, it is concluded that
effective data for 1716, and provided the basic statistics and return on time sequence
diagram.The data showed kurtosis coefficient is greater than the normal distribution ,
which belongs to high peak type, and distribution for left. Through some tests, it was
found that all the four markets had ARCH effects , and there was no normal
distribution or asymmetry. After trial, it was found that the EGARCH model with
biased Student-t error was the most suitable model for the four markets.Finally we usd
multivariate variance heterogeneity (DCC - GARCH) model for four areas to
complete a correlation analysis, the result showed that the four has the volatility of the
relationship between stock market.According the correlation coefficient graph we can
see the correlated volatility among markets.From the conditional covariance graph, it
can be known that the variation trend of the variables in two markets is the same
during which period.

Finally, we observed that there is a high market linkage among stock markets.In
addition, through the political, economic, trade and other aspects of factors, the stock
market appeared in the larger part of the same period of fluctuations are analyzed and

explained.

Key words: East Asian stock market, exponential generalized autoregressive
conditional heterovariate model, generalized autoregressive conditional heterovariate

model, linkage, multivariate variability heterogeneity model

2 HY < FH3 L ePaper(2019 #)



AL RRES H2 BE ey

B o B B, 3
R R A ok ST 3

B B N T T i 4
(= ) T g Ao, 4

(=) Jarque-Bera F Bt ...oooviiiii i 4

(2) ARCH BB ..ot 5

() Ljung-BoX 5 ..o 6

() RAPRFFEERREHEHFAEE . 7

() $ARBEPE TS 10

B R T A e 12
B W R TR A T 12
e R e e PP 15
(=) JarqueBera % &% % ARCH #5%.......ccoovvvviiiinnnnnn. 15

() Feif GARCH H] et 16

(2) fieif DCC-GARCH B4l oo 2

B T B~ BB e e, 25
EH I S 4 v[}?c ..................................................................... 26

3 HY < FH3 L ePaper(2019 #)



Lds B B2 md Ee 49

F-% - HH
N S s

208 & 80 & fRrd ko L eniE I FTEL A RGBT R K & e SERd
PR FIPER LBEA KK RS Ak o 2T RNT W AT L 1 8GR
RE AP FENTREY REHEN T - W PR B o o
—éﬁ*ﬂﬁéﬂﬁ - B TEG A Raugl B SN T %

fealAcE WAV - Bk o WREF IR F ARAKRGSP FH L RET AR
B R - FadrETnT e w2 LR - SEgd A SRR OT R
§ O ALBES AR NEER o & - X & WS IR o Blde 0 & 2008
£ F FRA ﬁim”ﬁfﬁow%$ﬁ&%%%in,m+@T1m¢@

‘-*ii?

34

BB fiiﬁ:"le/k $ﬁ1’27* i‘f;‘m'é‘f, » P?"Fi’?ﬁiﬁ. LW B2 =4 ,.E}llég[‘]w
EPHFEFETRDOGE 5 R0 2RHE WK E&ﬁ"“/ﬁ"v

SPF o # 2R G B -
%mfm}:bmiﬁ_@ B $ﬁﬁ;’ﬁ - ;}-;TE — f[%_g?»}g ?E‘;cq,?ng&rﬁv F,}aao
ook 1977 E 0

A

G ER
T- % - b
“EIFTRG LAY IR HES L IR AR i
Tl mE ML R AR TG B A2 B AN ERBEAF LR
LR @ & R 3%7W’ﬁa¥$£wkﬁ%“#ﬁﬁoﬁwﬁ%mﬁ
Bl BARL - BRFILEDFLPERFIZEOELF 4 A b B 74
BEdpR BETE RO REAEARKRD 24 R E o

2

F_

T

+ #1 =

WEEF A ARAK DD FR 5 BT AW RAH 0 F A PR AR

L R ) e 4‘1;&%’531:'715—,3’1?’.:,;_,5 LB L LB gt B & ;!zma;?r,z ,

PFEFAAE S BATIH L HRE T @ﬂ%ﬂﬂt W Hehsg 7) 5
@ﬁ%%o

FRFORLT AR He KESAIL SRS ESRTALER F2- o a
Heche Wop A fEREZE S#E FrGDP R 57 | 3] 23k GDP 438 1
TAzZ- TR HHAL e BRRER RORED FRABEEA T L R
R B B A PER T Az PR 2010 £ 12 7 1 85 2018 & 12 7 1 5L
R T Sk T AR £ 1 AR S )
o B g R E LT B RGERFAART L BT T T

RALT A B RS BT R K kA RS R 0 o

4 HY < FH3 L ePaper(2019 #)



S R =

E IR Sl R g E
(=)~ =5 inse

1~ @ % R g#? e quantmod”® = $478 L M5 ¢ chdp e T & F /P> 7 B T
e LT EAVYREOFTBREZ AH > AP ESE T AR 2010 £ 12
TOLELF| 2018 £ 12 0 1 BLenpER 2N E 2 dq TR IS A T A o
2@ *FCTSA”E BP0 HdpenA AN R r R AR gW P WP -
3~ & % “tseries” £ i {7 Jarque-Bera ¥ ¥ A ARG AT LG R EF A
W R o R o
4~ % “FINTS”2 2%} £ L £ 3 -l £ 32 (738 % 9 ARCH # %_o 14+ {8 50
WEFE G RF R o

s & * “rugarch”® i ik A FRBC e A 0 AP Y R Afeif SGARCH 2
IGARCH $3] » fed *t 4k A T IR P A2 S FIL T 2 & o BFAP YR
feif GJRGARCH #7422 EGARCH $:4] o At # s 24 @ 01 p 3 ehdo g 50
% 5 EGARCH#A] » &% 5 mi T A fie o
6~ 1 * “rmgarch”% “parallel”® # #t» B £ 3 Ffeif DCC-GARCH #:3] » k&

R B M R AT LG W

(=) ~ Jarque-Bera ¥ i #& %

Bt E P o Jarque-Bera ek A A B A T LG REFREA T DR A
ok B g & B R ¥ B o 3% B 14 Carlos Jarque and Anil K. Bera % & &
JB %t & & 5

IB = o+ S, (1)

Pen T EpE (fpd R SEHABE KEFKRrER
Szgzéiiigiﬁ @
Pz el s B 42 FE P waEfor R P waEaR e VREHE AT G2E - 1k

t‘.u«ﬂ?("’l” ﬂg{) ml;’;v lE’ °

5 HY < FH3 L ePaper(2019 #)



AT BLL S g2 Eh A 45

Ak AIE R B3 A AT R 0 JB R EITWRK A D R G 2 0
+ e FIPL Mt T 0 e R iy AUF PRIEH A4 F o R B Ho Ak
Bir0MBLI3(FiFEATHRARESE0ERE3) IBRITFETDETERELZDY >
Emgtet (HRZ 008 RL 3) hideyn g & 7 JB st £ 4 » Flt JB st
B2t A7 FAA RFEAF -
73 :Jarque-Bera ¥ 2 7 it * 3tk A e %

B

(2) ~ ARCH # %
$RRREE A B FLLL T B

(1) % it & & B & 1 % (Volatility Clustering) -

(2) B F g FmEmgt > (g2 i

(3) A#F2 ¢ FHTEE > AP FAALT A

(4) FAFEMaL fo L 7 5 kIR % (Heavy Tail) » = rq\ﬁiﬂ# R 2

EBAEEARERAY > FEA DR R RO B 5 ¥ B B ERF AR
FREIIFRDAFDERY LA FRT BRRR &L T HKAT LGS
ARCH i3] ic Brad Hgg e B 5| R Bcchl S ong it 7 A g1 25 T F
Fre gt Rl g A {afmbpdEL S (Ad) 2L /Y Ah %
B ¥ o ARCH (Autoregressive Conditional Heteroskedasticity) 73] &_p % Ep‘;
BB KA J £ R < F TSP AR Engle(1982) $#t b (4R g
5‘;‘) 3235 (Econometrica) - f ;ﬁ? ¢ F A4k o ARCH B3R5 i - = 7

Fl‘ MIFLiEE, TR +7f§§l%‘3'ﬁﬁ: /;,\‘j»’; [ R E > H- BERFE
,ljm'g,"]p;.f%ij FI* TN oA p it it ¥ 2 s 7 B> J1* ARCH
ﬁﬁ,?uwamgﬁﬁm%ﬂm%i%ﬂﬁwmzma{ﬁiﬁﬁﬁﬁéﬁﬁ
AR A R ARNPFRRAB IR BEEL YREHT TEY A
T g qﬁﬂoMmHﬁﬂﬁrﬂﬁ%%ﬁﬁ%*%%%ﬁ**ﬂ*’%?ﬁi
Bt P rgens F L AFRF O AR F A e dAn BT S Ameao

BRI e
Mg E T AR KRR L 0 R, = 0z, 0 2Rz A B A R
P S FlofiE B S

2 _ 2 2 _ q 2
of = ag+ayriy + ot agrig = ap + Zi:l oGTe 4)

P Rg>0, o =0, 1>00 T L AR R B b F #E 5 8 fico

6 #Y X B84 R ePaper(2019 #)



AL RRED 2 BE s

AT o o] T2k 53 ARCH (g) #-4] - Engle (1982) #& 4171 - f8i¢
* #ﬂ*)é'qp B %{\3{%5@ j\/F pé“ ARCH F;i/ﬁ"’ lé }ifﬂ" ;2‘ ° iF Tl}ﬁ;‘:f_ﬁ?‘{i\.’"r .

l. B E#&Hsep §f 121 (Autoregressive model i #- AR)
AR (q) ye=ag+ a1yi—1+ -+ agqyi—qt+ & =ao+ Zizl aA;ye—i + &
2. BEPRHA T A icfogiFis s LU

=0+, @Ef, H¢ g LARCH # sk & o

3. ARCH #5% ¥ M €& 5 -
Hotog =0y ==0a,=0
Hotoy? 25 00 j=1,23...

i3 ARCH# AR & BRTHT BRLEAY > hHR3ETRE XS

gk o B P TERA P BARLEF LS BB (FT =T—q )e4r%k T'R?
A S A PIER m R BR X F 8% ARMA 03] Y 5 & ARCH 2ok © 4
TR >0+ 2308 A7 g8 a-’/;i

o

==
|

D

™
-3:%

(z ) ~ Ljung-Box &%

AP ApM S8 (ACF) fo38 4 p Ap B S8 (PACF) 23 H BiF (5P p 4p
B3 ey * 21 2 & Ljung-Box #5% (4 Greta M. Ljung fr George E. P.
Box f &) £— fEf de R B e ik > 7 U ERE S RIS MY B
WP RERECERF A AR B R v 3 L AE B A S PRRE S
fooom AR - BF S RBRECE TS o 2R PSS Ljung-Box Q
% > U ¥ Box-Pierce 6% %7 4B o ¥ F + > Ljung-Box &Sk it By o it
* Box-Pierce (i3t & cgh 2 ¢ AR P gy it 0 T F R AL dp v 2 rfﬁiﬁv 7, - Box-
Pierce & % suit £ #_Ljung-Box Suir € enff it i A > B HEBAT AP H iR
Ljung-Box 5% ¥ ™ T_& 5

Ho : e b2 & 1 (PRR RNl cnfp BIE 5 00 Pl df? B e
Bl BTk R B AL )
Ha: #cdp? €02 A G Ui D B 4p M 14

[—=JN ¥ 3 .
(LS

= n(n+2)z:k 1—’1 (5)

BHe nHHEAL ] o P BFS kA~ p B o h BALRIRA0F 15 8

7 HY < FH3 L ePaper(2019 #)


https://en.wikipedia.org/wiki/Robert_F._Engle
https://en.wikipedia.org/wiki/Lagrange_multiplier_test
https://en.wikipedia.org/wiki/Autoregressive_model
https://en.wikipedia.org/wiki/Autoregressive_moving_average_model
https://en.wikipedia.org/wiki/Econometrics
https://en.wikipedia.org/wiki/Time_series_analysis
https://en.wikipedia.org/wiki/Randomness
https://en.wikipedia.org/wiki/Randomness

AL RRES H2 BE ey

)3

Honii B Q& 0 xy o $PPBEF K a0 S0 S8 B3R nip 8 8 L
Q > X%—a,h' (6)

Ljung-Box ¥ % # % * ** F & # & T 5p w Eﬁf‘ﬁ’—'ﬁ ARIMA #- 3
( Autoregressive Integrated Moving Average model ) & i o v if * * 4t & 7 ARIMA
Bl L o a2 A R4eA7 0 O AR Y o FERREDBRRAKRD
ARIMA #3]eR 225 p APl o § RlF B30 ARIMA 3| R L > &3
BCpd R ILE PR o blde > $155 ARIMA (po 00 q) B2 0 B#-p 4 B
Erh-p-q-

(T)~R&pRIFHEE R LR EH Ut

GARCH (Generalized Autoregressive Conditional Heteroskedasticity) #-2] 2 4
&P Qﬁﬁ it BB B o 2 d Bollerslev (1986) #% 41 - GARCH #-%4) 4 -
A {Giéfﬁﬁﬁ@:;}}%b%;& 2T fa e Er; %A xfi fodf i Eﬁﬁ: 14 e chz
GARCH #1384 e B B (77 18— Hp oz 0 o Frulif * 30k & A 45403
B o Ne’fim/,;\’}‘?"ﬁ'#)» '}“T’/L%’iﬁbk EX rﬂ;}ﬁ e o H LR
GHALE D SHE A 4 o0 e -

GARCH(1, D)3 ¥ & 7 &
ry = ¢o + P11 + ay, (8)
a; = Zey/ hy,
he = ag + oyhe; + 8133—1-

L9 GARCH(L, D) €4 28 2 50 » 50 g 804 S8

Sitld1l <1, 9)
Sz:ao > O,Bl 2 0,(11 + Bl < 1,

#¢he %i%a‘qlﬁi’ztv&’ o B e R he Bz T Apab 2 oz 5 W
Boa e ot =g+ Pimeg +afi- 3 F ¥ 9E 2 42h = a + oyhe g + Brat 17ﬁ°—:1
iEEgR ﬁﬁ: AR WP EREAEE SR R Bt 20 RIS K
B e i Bk o X VOB PR E 8 4 fF 0 4e Bollerslev (1987) B3k fﬁﬁ”

mﬂgatﬁm’MMMU%DﬁﬂﬂﬁﬁMmHﬁW%”7(EDQN$°F‘
FLRRFETAPHEPIAGA R G AL E S BN A AR L RS

¥

8 HY < FH3 L ePaper(2019 #)


https://en.wikipedia.org/wiki/Errors_and_residuals_in_statistics

AL RRED 2 BE s

R R AL e F R R LR TR M F 2R R K
W FROR e ek B < R 2 R AR R R o R
THRERDFARERET F ook B 2 P R R0 2 P O L A
FFORE DR %GB o Tt f FEHEERE BTSRRI
d *> GARCH #-3] 7 » & enfef chir 8 405 2 % B S B Ft
GARCH #3]% e 2| FFPF ix 2 ¥ R ol & B o 50 R AR S AL H
2R 4414 > Glosten, Jagannathan £ Runkel (1989)#% 41 7 GJR i3] » ik £ % 2
B> A e r fEF E o o 2 B ¥ A F B3R o Nelson (1991)# !
EGARCH 7] - 4 ** GARCH (p,q)#-3] £ ARCH #-3] 4% & , %12 GARCH(p,q)
s 3 ARCH(q)#-3 ed gk o & GARCH #-3]enif & B #icr WEF s 4
T3 A S, m B ORF (S 0E %R SonA i Sl o

GARCH #-3]if & &3 B & % <~ P52 {» fy it 7 B 19 ARCH i 4%, %5 &
LA * o @ GARCH(p B3] e e * *tF A T 2 6 5 &l T 03 &

1. GARCH #3] % it R L R frdf pi g it A S 2 B e AP B % o
GARCH(p, )t B2 ik # % R B F 6 2% £ T 2 ndndic, Flb 8 £ ch 3 517
PR, TiE i RA BT O RR e D R R F AR X
fOARSHRFAL Y FRFNEF LR, TIEYORLFRE T R LB AR
WH AR A L IR, IRL R g L AR ] o
GARCH(p,@) 1531 # v f& oA 30 % -

2. GARCH(p,)#-%] & 7 32 f 225 ¥ #F GHIDL 3 E o gt g4
FEOE R F A PR TR R R L R R
GARCH #-A|+ it MR EIR % o

F_*

- H % # GARCH
5 ARCH » 2% fo- B RAD 305 0 W iF R B L 2 0 o
Bz A2 fene i do § FR YRS HFS AR R AP RS 22
~ BHATHC P 0 2L f AR R A s
Bollerslev(1986): 6 -] @ 31 » i 4 5 B #icsh¥ (5 4 ARCH 7] i i+
THA 0 P erE S T @A ARCH(D)Y T sl 3 P dich £ SR AT B0 R & eh
ARCH & GARCH(I,1)% % 5 © £ 2 %3 BB if 230 R £ 5 11 B

AR EfEE > Ll PFLE EPREES o HA)0 T
2 _ 2 2
h = Bra;_, + a1hi_q, (10)
Ao R AR o B8 S L NINIF RS T o

9 HY < FH3 L ePaper(2019 #)



AL RRED 2 BE s

e [IGARCH
g&%%gwwwdﬂ%ﬂﬁﬂH@mﬂﬂmﬁﬂnimGMKHUD%]ﬁ%
LR A > H ¥ 4F A fde(persistent parameters) e 5 10 ¥ & GARCH 4% ¢ ¥ »
H 242 o *ﬁ“» ZEIENEE

e GJR-GARCH
Glosten, Jagannathan = Runkle (1993): Glosten-Jagannathan-Runkle GARCH( GJR-

GARCH) #3]» #i#&7 ARCH EA2 Y 7 $AL|E

HA5 3N e
Iy = ¢o + P11r-1 + ay, (12)
ar = g/ hy,
he = ap + (aq + yile-1)af_; + By,

—,‘-H: 14 It—l = 04 % €t—1 = (1 Afrlt—l = l4r& €t—1 <0-

Ak a3 GJR-GARCH (1,1) #Alen- 2 94 > ks aldfri g2

Ssi09>0,04,81 20,04 +y1 = 0,04 + B4 +0.5y; < 1. (13)

e EGARCH

& GARCH(I,1)HCA] ® » 5 3 88 B BB ot £ B en [ @ 4 Bkt 2y £ enih Bhe
T F I EP O bl Black(l976):}f;] DO FARAGBP T AP A AP cho
FPEIPRIEFOFEMF LI OABPETHEIFTAURTER CRMFLE
AprfE P o @, A, ARG IVIEFED S EEL D
"ﬁi? ARRE A A B PR TR Y EE XD P /%?Q)fﬁfﬁg ° &7
fo BB 0 Nelson(199D)#% £ 7 4p B/ & p o fFis & B % B #cohcd] - #9550

4T

ry = ¢o + P11 + ag, (14)

a; = Zgy/ hy,

lag—1l+yiae—1
Inh = ay + a (—>+ Inh;_q,
t 0 1 \/E Bl t-1

Bz B BAGF 0 AT dacd A58 D agh R ASEIR BB EA 50

10 #5544 ePaper(2019 #)



AT BLL S g2 Eh A 45

ol - A8 $E T 4T ant ] 4 R S Ragh i e B o E-GARCH
2R e HAES BN T A D ol S BRI A
B B M R f PR L R R BB AR L)

(GO RSE EF 3.8 Wed nll i

Bollerslev (1990) # ! 59 CCC-GARCH #-3] » 32 #-3] B2 ik 2 Ap B T2 87 &L
PER A R I a iR R R R gD 2 FaliE R ok 2 Ap b T
A AR FR Sk 0 2 R RSP RSDERT R - LA CCC-
GARCH H-4] eniBk if 2 2P 7 !r‘ﬁw g R 5] A 47 Gig 2 4p B Tl
AR _FpE R g % it e7> F]p Engle §= Sheppard (2001) &/ % ¢ CCC-GARCH
WAl A # F > % ) DCC-GARCH (Dynamic Conditional Correlation)#-%] » 33 5
£ IR “Kfﬁﬁ&ﬁ-;ljmui’ EAphE GEE B L B RERME AR TE
WAt it Mo B EERE AR B o T DCC-GARCH 312 § 2
~ GARCH #:3]#72 3 i@ > 30 2 B g S0t 0 > GRL &P FL F A2
2 B ZRAEA LS RRL S Fanml e i 74T o

T
W g

DCC-GARCH -4 sk &5 % 5 -

ry =4 s ag, (15)
atlFt 1~St(0 Htr U),
H = DeR¢Dy,
:/E\ v Iy = (I‘lt ...... rkt)T,t = 1,...71, dy = (alt ....... akt)T e ;t.“ ‘% ﬂ ﬁ'{H I'{«},\i’jlﬁ £

KR Wi ERPER A FhiE 4306 a2 AL 7 IRAISE S 00 F b ,if%
Wté*%?ﬁ’+%ﬂ&m AR A TR S R s g s 1T

> j# 5 DRDy » H ¢ ResAp M e D«u&dﬁ%géa%mﬁéw@
BH g GARCH(I,I)%ﬁT‘;‘] AR 1B ES T m\/: o

* % Dt 7 % % £ GARCH(I,)#3):
hiy = oo + ag1af,_1 + Birhie—1, (16)

Hoe af‘?B a e 2;(3{ ’ ﬁ’}tfﬁ—f‘; # ,@)fﬁ it fﬁ"ﬁif Qg > 0,0(il = O’)Bil > O,ail +
Bir <17 HREUH| > pg ik T ARt b2 42 o

11 B9 A BEE4 L ePaper(2019 #)



AL RRES H2 BE ey

AE AR S AT LR S
Qe =(1—6;—6)Q +0,Q¢—1 + 06, mel_4, (17)

Re = Q'Q:Qi ™,
[Vai. 0 0

o O

B0 Qps Qb R eE i 5 Q5 B A L e RS e 63
/ili‘g "?ﬁ'{/% io S 61 +92 < 1 , Stﬂk§§q‘ ifé‘at%%;-ig TL—Lfé ?gi‘ljg‘fﬂ ’ St = Dt_lat ,
Et_mEtT_l?sk> 1%{5&?;” i i#‘ # {#Bﬁ,@fr}f“i °

12 #5544 ePaper(2019 #)



AL RRED 2 BE s

L A il

% - ~ AT A T

APER T e BALY FRELAABIREIE B 2 54 kp 2
o B fEdpE” A B TEL i p ARG P Sapd” 0 U E §r B GKOSPT?
ipdic TR AJCYAHOO A7 dhip e il & 3P 4 R PIBH o177 & A&
MREOETEBR 2 AH > APERED idﬂﬂﬁk%mﬁl251%ﬂ2MSE
127 15LanpEk 5~ E2 Jpie AL IF 3 AP e A -

EORE RS Feanp RIFPFHE- uﬁzg@imj f2, T AP RE T AA A

ek

st g ix B P& gy B i
Min -6.4203 -11.1534 -6.5206 -6.0183
Qi -0.4048 -0.6205 -0.4313 -0.5812
Median 0.0308 0.0680 0.0597 0.0427
Qs 0.5058 0.7594 0.5224 0.6309
Max 4.9000 7.4262 4.4594 5.5187
v 0.0190 0.0415 0.0057 0.0559
c 0.9395 1.3466 0.9235 1.2421
S -0.3630 -0.5879 -0.6309 -0.4117
K 4.6704 6.5449 4.6613 3.5668
N 1716 1716 1716 1716

401w BOLE D Hp 4R A £ (2010/12/01~2018/12/01)

+E2e 73 Eho)E (Min)- ¢ #ic(Median) ~ # < & (Max )~ T 32E (p)-
T Z(c) ~ WAE(S) > # K ()1 E A TR B E(N)

d 3 & o478 Bk ’r*i%ﬁ*m%ﬁvﬁ’ﬂ“ﬁ_i%if%f“?“?igﬁ’“*ﬁi'—'PEP"’r*
P F IR A FMe BRED HaEARBERpRE T2 d AT Y Fj»ué/ﬁ‘
VEZ g B bR aHE )‘?—‘P“:L' fepgt TR Tl R A 8 AEBER RN
F b A IR dg i o 45 B UKOSPT Ap 78 & 88 & 0 4o f dp i ehd SRR 5 AP 0
TR AR SRS AR PR T 0 A p g dp ke PR F & 7 A Mfed F iRk T
TERP AGEFRER P J}ﬁg{/ﬁ»f’”’f&'ﬁiﬁx“ D R B E B By -
I 3HRE T4 $ﬁﬂ;’r¥ FH 2 s TRl A sk % 7 oy € ¥HILE
A RE A F o 5 LA AR P T REFEAG

BFOAPLLARLYFEYU T REMFOERAEFIR > TR E R R
L B o

13 #5544 ePaper(2019 #)



LT s B L D 2 BE A 47
FP gL D PR ER/E - p ¥ §*100%

R¢ =100 x (logp; — logpt-1)

KR.rtn [2010-12-02/2018-11-30]
Histogram of KR.rtn
Last -0.818819769560442 g
Fa
(=]
g -
=2
2 4
Lo 5
5
s g
|, & 2
8 -
-4
o J
6 T T T
6 4 2 0 2 4
+[{ 022010 A 042013 F 052015 3042017 + -7 302016 BRn

Bl 1 4R B (3% W)

JP.rtn [2010-12-02/2018-11-30]
Histogram of JP.rtn
Last 0.396564880000483
2 -
-5 o
(=3
8
(=3
8
Lo .
g 8]
g o
£ &
L 5 g |
% b
F-10 S
I T T 1
10 5 0 5
JP.rt
+_H 02 2010 H 04 2013 -F 052015 - 042017 + -A302018 4

B2 SFB(P ~)

TW.rtn [2010-12-02/2018-11-30]

Last 0.0270051916421821 Histogram of TW.rtn

-4
g _
-2 o
9
2
‘1“ v I’ }
] g
1=
g
T 8 4
Lo £ 2
-4 B
L g =
r T T T T 1
6 4 2 0 2 4
+_H 02 2010 H 04 2013 -F 052015 - 04 2017 + 3302018 TW.rin

B3 P E(e )

14 #P < FH3 4L ePaper(2019 #)



AL B 2 BE o4

HK.rtn [2010-12-02/2018-11-30]
Histogram of HK rtn
Last 0.210434517088309
L4 o
8 -
2
g |
z =
i Fo §
\ =
|3
i
=3 o
w0
- -4
o
L 5 r T T T
6 -4 -2 Q 2
HK.rin
+_H 022010 H 042013 F 05 2015 042017 + -7 302018

B4 FpTI(E %)

FIE PR G A AROBE R P A SR B R 2011 B
WA R BATREA 0 B A TRk A P Ax F12011# 30 11 p £ 5
Bof s o D Adpdick B 41T AT E Sk foliitel e L 5B E D AR B
F e 8 22013 ] 2016 FF eiq A R 0 HR P G Bl Feds R g
o e 20 @ 2015 & FF W@RT ﬁﬁ*\)k;%s S A REZ B A5 e 2016 # FE
BRS84S ERA B EL ke B RY B fAs Rt R D 7
1%mﬁ%'@ A FY T RACATE D Hh kA 2N 0 R dplkc
2017 & Rkps » R0 ¢ £ 5 Bdpa Eir 0o g BE2 BB S
Ao AT T E N kh A e Ao e Bl 4o e X R P ERZ S B = hP
ER PR SR B ARE Hh 2018 E ARG TR @ jED o d B
3F AE S lich 10 7 PEAIT T E B A TR0 B o A 2015 E g
AL L 2016 P FIF R R SA B ik 2015 - 2016 2 B
78 AENEES S

i
KR (
\ 06

0.4

0.53 JP 02

=

-0.2
0.68 0.52 T™wW

B S %5 pappiap i (B

15 WY LB 42 ePaper(2019 #)



AL RRES H2 BE ey

U ATSE S B

(- )~ Jarque Bera % 5% % ARCH # 5 (# %k # 2=0.05)

A iE B P~ R 1 3 &
JB-Test JB Statistic 1597.3 3161.6 1667.4 617.9
p-value 0.0000 0.0000 0.0000 0.0000
ARCH-  ARCH Statistic 296.79 142.14 109.77 147.45
Test
p-value 0.0000 0.0000 0.0000 0.0000

4 2 Jarque Bera 2 ARCH # T %t &

i3 Bl E Y kg ATRAZTFEFLEAT > 2 B A 2 B
WED B2 FHAS L F e R A B % T U@ ber BIRL D B pvalue
F1 005 FAEG A PR @R ATHRA LA BAT  RFL L H
ik peil GARCH 03 » # 1 % & Hoh it # L3 5 & F ARCH %% » A58
ARCH #% % fgzne B L #2245 % ARCH »c% » AP EX AL 3 3
% ARCH »c% o Sd #5443 e B LD o p-value % -] *> 0.05 F]pb 54 i
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(2)~ feif GARCH #3](# Uk # a=0.05)

s BR p A Lo % 8
GARCH Model  GARCH(1,1) GARCH(1,1) GARCH(1,1) GARCH(1,1)
Distribution Skew-student-t  Skew-student-t  Skew-student-t  Skew-student-t

AIC 2.4144 3.1688 2.4584 2.9248
m - 0.0621 - -
b, -0.0389 -0.0597 - -
do 0.0210 0.0715 0.0139 0.0204
O 0.0874 0.1361 0.0537 0.0590
B, 0.8888 0.8291 0.9298 0.9263
a 0.9034 0.9142 0.8602 0.9095
v 6.1611 5.9287 6.3254 6.9982
LB(5) 0.7385 0.4929 0.1458 0.5655
LBX(5) 0.1108 0.0432 0.0122 0.3755

#3 peif GARCH(I, )3 chddic iz 3+ (6
2 LB(5)* LBX(5)%_Ljung-Box se3* 8 » RS A L 2 AL T3 AT FpELE LG pApH -

$atw BOLL B HA P H feif GARCH(I,1)HA] » A5 i # t2 7¢_Normal ~
Skew-Normal ~ Student-t 12 2 Skew-student-t = i 4 fie ¥ £ B~ AIC & i » &
FRAEL SR E 0 ¥ AR LTS5 E S p-value + 20.05 #H 7 > 5L
b-f’%uh v R F AR o BT F P Rl P Aeifa & B
F o BLE BN RIS B F LR nEN] L FREERGE T Py
‘f;? AOTTHIT AP T U F e BREFF YT IRFREGRE - RBEAPY R
HRECRLI/ALT S ASIEALTEG P “#BF&? vm P AR bR I AL BL
FRET R RIAAA l‘gﬂfﬁl WEF S BEE P SAPH -

iE B P~ -y 4 Ak
Sign Bias 0.7779 0.6209 0.8480 0.1846
Negative Sign Bias 0.5768 0.0107 0.0002 0.9313
Positive Sign Bias 0.0162 0.0849 0.0068 0.2600
Joint Effect 0.0066 0.0021 0.0000 0.0223

44 peif GARCH(I, )RR 1 2% £ ek 5 3 #1462

Sign Bias 2 * ke AL AT F & fe 2 HEBE] 0 F p-value<0.05 > 7]
R P HARA R ERTAE d P A B BRL T FE g 2 B
§ WA g S o PR Y e IGARCH 03 5 A7 ¢ 7 s iy
% o
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GARCH Model IGARCH(1,1) IGARCH(1,1) IGARCH(1,1) IGARCH(1,1)
Distribution Skew-student-t  Skew-student-t  Skew-student-t  Skew-student-t

AIC 2.4164 3.1706 2.4606 2.9260
M - 0.0597 - 0.0398
b, - -0.0588 - -
do 0.0118 0.0482 0.0052 0.0092
a 0.0971 0.1601 0.0530 0.0643
B, 0.9029 0.8399 0.9470 0.9357
G 0.9020 0.9160 0.8608 0.9091
v 5.2505 5.1631 5.6064 6.2246
LB(5) 0.7260 0.4221 0.1559 0.5139
LB(5) 0.1502 0.0992 0.0035 0.4225

%5 geif IGARCH(I, )] ch i dic i 3+ &

T HH feip IGARCH(L D) H-A] » A k5 vt {8 j€_Normal ~ Skew-Normal ~
Student-t /2 2 Skew-student-t = B 4 fie ® £ B~ AIC &) cniE » #HFEZHE Sl
P F AR(DS LT 35 ihpvalue  $00.05 ) #H % 0 K RERL 0 F T
ERECARE  RIRY o F 203 Rl B et R BE S L hor BARET
B RRE ol T L REE L ERE RS £ 2 v B5TI6HHT - A
e e BRED H Y ERBME SR o R AP R A L/AL
T ASPHETEG AN 0 ANTARTALIALIAER ] S
WAALT S PR p A

iE B P& b 4 Ak
Sign Bias 0.4959 0.7597 0.0836 0.1733
Negative Sign Bias 0.9887 0.0464 0.0002 0.7202
Positive Sign Bias 0.0049 0.0443 0.0067 0.1555
Joint Effect 0.0007 0.0033 0.0000 0.0168

%6 feip IGARCH(L,DBCAIHRE i A& £ chid 6 7 $Hfi e T

d & Favw BOLE D FE el 2 HALR L € TR NEE TR RET
% ¢ ¥ R pe i GJRGARCH 7] -
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GARCH Model GJRGARCH(,1) GJRGARCH(,1) GJIRGARCH(1,1) GJRGARCH(,1)
Distribution  Skew-student-t  Skew-student-t  Skew-student-t Skew-student-t

AIC 2.3901 3.1537 2.4436 29118
" ) ] ] )
¢1 - - - -
bo 0.0263 0.0991 0.0232 0.0243
O 0.0000 0.0420 0.0013 0.0127
By 0.8891 0.8036 0.9106 0.9267
v 0.1568 0.2214 0.1124 0.0828
o 0.9021 0.9057 0.8505 0.9093
v 6.8574 6.3811 7.0125 7.1548

LB(5) 0.7618 0.8772 0.1186 0.4670

LB2(5) 0.1927 0.7170 0.8949 0.4774

%7 i GIRGARCH(1,1)#-3] ch s dicfs 3+ &

£ %3 4 H feif GIRGARCH(L,1): foi i 1t #i % % Normal - Skew-Normal
Student-t 2 2 Skew-student-t = B 4~ fie ® B AIC /] (i » BFRZE ¥
HiE 0 B AR(1) 2 E_-T 351 dhp-value * >70.05 > #-H Bz TEBZRL I
AR(DR T35 8 @ HHACH S E 0 RBH% - F 23 {8 bt 4
fs o Foow BALE S B EFLJ.UB’T'Mh"ﬂLLJx?JmE“KQW’J_EE.E;‘EIE,@’T
P ViE A6 THEAT "T s AT B Aer BALD R B B IR B R kR o Bts A
L iR A /@ T ASHFETEEG pAApRE o L+_¢§i\ (Al CET N Sy N
AN FRe BRED B R LI RBALNIRL TS > Fap Aph > AP
R L Y P o L_Fé#ﬁg ¥ 7 EGARCH 73] -

J_d \

iE B P~ -y 4 Ak
Sign Bias 0.6083 0.9389 0.7242 0.0955
Negative Sign Bias 0.3330 0.7926 0.1412 0.3404
Positive Sign Bias 0.0307 0.4311 0.0423 0.7200
Joint Effect 0.0408 0.7768 0.0013 0.1622

%8 feip GIRGARCH(I, DHRIHRI i 2 £ cnpl 8 3 $Hfide T

d 1A Baer BOLET HERG T A MU EER SRR ERAILE
i%p-value ] %+0.05 > p/#’_J_IFL #’&F—;’#&HEJ&%E% s H ARG B R L £
B p-value + *70.05 F]p T % ab i ¥ e if EGARCH #0345 2.3 i @ 0 { &

% -‘;t °
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#x i K p & Il o 3k
GARCH Model EGARCH@,1) EGARCH(1,1) EGARCH@a,1) EGARCH@Q,1)
Distribution Skew-student-t  Skew-student-t  Skew-student-t  Skew-student-t

AIC 2.3927 3.1393 2.4310 2.9105
n _ - _ _
¢q - - - -
do -0.0081 0.0280 -0.0064 0.0039
oy -0.1146 -1.1554 -0.1007 -0.0764
B. 0.9714 0.9361 0.9798 0.9772
Y1 0.1346 0.2263 0.0745 0.1058
o 0.9022 0.9039 0.8457 0.9102
v 6.6905 6.4748 7.4124 7.0939
LB(5) 0.8190 0.8260 0.1948 0.4577
LB%(5) 0.3035 0.7326 0.3410 0.0978

#9 peif EGARCH(1,)H-3] e fdicfe 34 e

Bt A i 4t H feif EGARCH(1,1) » 546 ¢ $f4 /€ _Normal ~ Skew-Normal
Student-t ' % Skew-student-t w i 4 fie ¥ P~ AIC /] g > B FERHE S8z
PE 0 F AR(1) & T 3 chp-value + *70.05 > #-H Bl o TR FP I
AR(D)#* * 3516 i@ 7 FREHCA R RIAFNL - 5 23 Gl hizifa Ak
i Yo BREFHFERDI BE > FIL-RDENRLE S FREER G X
2V AGST|TSMIT APV L Eow BARLH Y R IR RE ke o B fs A
P REEC AL/ ARLT S ASIFEE LG p AP F e BRED FHR%RA
A8 AAZLTS o rheif GJRGARCH #:3] - k% m p 2 4p B -

iE B P~ -y 4 Ak
Sign Bias 0.9593 0.5950 0.8302 0.1584
Negative Sign Bias 0.6248 0.4308 0.0217 0.4792
Positive Sign Bias 0.0301 0.5510 0.0539 0.9062
Joint Effect 0.0836 0.7954 0.0008 0.3611

%10 pFeif EGARCH(L,DHCRIRIE i 2% £ cnjd & 7 $Hfife T

d £ @ire BRED B FF S#FLE D povalue &%) 3T 0.05
HAepz B Rl &3 B+ 0.05-

B f5 > d % Sign Bias WS & v FOR e 2 HABCAI R G 4 0 Fpt AP R
GJRGARCH ™ 2 EGARCH ¥ :F# AIC fi-] enig § fadadF cnfic )] » ¢ ot
A - EGARCH #0317 5 Boif fic 3] -

20 #5544 ePaper(2019 #)



ACF

ACF

-0.02 0.00 0.02 0.04

-0.04

-004 002 000 002 0.04

-0.08

ACF of Standardized Residuals ACF of Standardized Residuals

ACF
0.02 0.00

-0.04
L

"'lll'"‘l‘\'\l'r"'“| : I §|||..“||I,..|‘|II“‘|I,I_III|_.

1234566728239 il 13 18 17 19 21 23 26 21 29 3N 1234567829 1”1 13 16 17 19 21 23 25 27 29 3N
lag lag
ACF of Standardized Residuals ACF of Standardized Residuals
_____________________________________________________________________________________________________ <« | e e e ——— o R
= S
=1

o

g

I . I I
o A
G 8 q
I-III i I

o

o |
2
5 <+

_________________ <
<

12345672829 1" 13 15 i 19 21 23 25 27 29 31 123 45867 829 1" 13 15 17 19 21
lag lag

Bl 6 R i Z p 2t 4p B i)

FRIEEECR L p AP B ) 2 A PRTRAELER P
A SEESRE

21 P < FH 3L ePaper(2019 #)



ACF

ACF

004 0.08

02

-0.04 -0.02 000 O

-0.06

-0.02 0.00 0.02 0.04

-0.04

AL RLE S B2 BE AT

=

ACF of Squared Standardized Residuals

123458678239 1" 13 18 17 19 21 23 26 27 29

ACF of Squared Standardized Residuals

1234566728239 il 13 18 17 19 21 23 26 21 29 3N

ACF

ACF

004 008 008

0.02

-0.02  0.00

-0.04

004 0068 008

-002 000 002

-0.04

2

ACF of Squared Standardized Residuals

1234567829 1”1 13 16 17 19 21 23 25 27 29 3N
lag
ACF of Squared Standardized Residuals

1234567829 a0 13 15 17 19 21 23 25 27 29 3N

A A4p B S BB

FRIEEECR L p AP B ) 2 A PRTRAELER P

LR N R

22

HY A HES L ePaper(2019 £)



AL RRES H2 BE ey

(z ) ~ DCC-GARCH -4 e i

IS B3 E R FA t-value p-value

¥ R u 0.0345 0.0180 1.9237 0.0544
o 0.0251 0.0081 3.0953 0.0020

o4 0.0981 0.0206 4.7650 0.0000

B1 0.8709 0.0257 33.8434 0.0000

p A~ i 0.0703 0.0266 2.6478 0.0081
o 0.0730 0.0244 2.9963 0.0027

o4 0.1635 0.0306 5.3384 0.0000

B1 0.8073 0.0323 24.9630 0.0000

i o u 0.0319 0.0193 1.6546 0.0980
o 0.0295 0.0153 1.9258 0.0541

o4 0.1047 0.0387 2.7069 0.0068

B1 0.8642 0.0472 18.3206 0.0000

3k i 0.0332 0.0239 1.3913 0.1668
o 0.0248 0.0129 1.9183 0.0561

o4 0.0628 0.0167 3.7659 0.0002

B1 0.9184 0.0234 39.1845 0.0000

o & 0, 0.0198 0.0047 4.1849 0.0000
0, 0.9596 0.0123 78.2789 0.0000

\Y 8.3811 0.6624 12.6522 0.0000

# 11 peif DCC-GARCH #-3] éh$dicip 3+ &
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DCC Conditional Covarian
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