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Abstract:

The main objective of this study is to examine the static and dynamic conditional
correlation between the Dow Jones and S & P 500 during the period between 1975
and 2022, using the CCC-GARCH and DCC-GARCH models as the most important
models in estimating the conditional correlation between financial time series .for
this purpose, our study, as a first stage, estimated the GARCH model (1,1) as an
important stage to calculate the estimation buffers and make them as input in
determining the parameters of the two basic models.

Here we point out that the results of our study agree with many of the results of
previous studies, which indicate that the return in capital markets is characterized by
cluster volatility as shown in the return charts of the study indicators, which indicates
that large changes in prices are followed by large changes and small changes are
followed by small changes, without the ability to know the direction of these
changes.

Keywords: stock markets, stock market indices, multivariate models. DCC-
GARCH «CCC-GARCH.
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Normality test for Dow Jones | Standard & Poor's 500
Observations 2504 2504
Mean 9318 1086
Std.Devn. 8752.7 1035.2
Skewness 1.1898 1.3956
Excess Kurtosis 0.81088 1.6591
Minimum 644.63 70.96
Maximum 36338 4766.2
Median 8305.1 927.54
Madn 8674.5 917.32
Asymptotic test: Chin2(2) = 659.41 [0.0000] ** [ 1100 [0.0000] **
Normality test: Chi®2(2) = 1413.6 [0.0000] ** | 1722.8 [0.0000] **
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Correlation matrix:

Dow Jones Standard & Poor's 500
Dow Jones 1 0.99569
Standard & Poor's 500 0.99569 1
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Dow Jones Standard & Poor's 500
Without Without
Trend+Constant | Constant (Trend+Constant) Trend+Constant | Constant (Trend+Constant)
T-ADF -1.253 1.135 2.42 -1.13 1.047 2.327
F-Prob 0.505 0.5467 0.5512 0.4007 0.4286 0.4324

OxMetrics7 gesby ol e slaasVh cpdlell shis) e gead

o @ aepldl Slsdt LSl e ADF ool o sl Jdr el o8 (03) 03, Joadl e
aalbll 22l ADF J sustl (o) of ) ety cplall olly ol ey (ol e (ol Og Ll
D01 aygins (S5 e 2allal) 202l Mackinnon syjsd e b il e 57 (6)5(5) 5(4) Zitadl |
& Sty o 39y T Hy e Jabss Ho depp o atey gyl Gl 8l LSl ST (905
Ssied) e e p8 JuLB QUL ciwg,ul) ol sl Lol

Aoyl Dl pdoge Wil g Aded dila Y1 dulpldl ) bl

Lebles Corg gl aladl oEY) AS7e o Wilamlg ) admy Gl )l sk oVl Ldlud) gk o)
e alade U1 Lelpgony G338 Rt erad]

oy S ¥ g A

2 Ol S pie L) BLOYL ple oLl semg aias BT e oy alo¥ ol aslh alde ay)) il ads O

shall s (35 (i mandd 3> Lo Ollaal) an el (o St ke U] Lo T g 0



2S5 Y1 A 31N B ol AT BBV ki s At AN : QW Jaad!

ol o e o Al aana) aaty ccol Ll Lo rors Al Sl Je )l Jss)

RESRL P SOERERW]
T B Byl 2 I Gl el 12 5L ) 81l ks e Jpuatl a5k oda Lizwl)> (29
R¢ = Ln(P) — Ln(P-1)

S

tasdl e auhll e AU Blen Y ol e Wil iRy

tasdl e auhll 2 I BlenYl ol a5l GIEY) aw 5a Py

t— 1 a5l e anlll o 2 Blen) ol sl GIEY) w8 P4
k) azlesll i Ln

Aualyd) 378 IO Aoyt J2 AIWI Ggudt Sl p203L s g1 Wil iS 2(02) 03y SN

o.10]- [=—=¢l
0.0:
b

0.00f | !

| i
oosf
o.10f
o1
020

o506 o5 1950 953 3060 5003 010 013 5635 1973 550 o5 950 1655 3060 5053 5610 pIES 5030

OxMetrics7 gl b2 Jo slaze¥l (el slis] a0yl
Al Jym ey s g ) I BV Blgl wlige Lles Of (02) o3y (Sl s o ey
3 ple o) A8 s5mg pde ans phall (Soley ) aledl Lol OF (o« 2Y agy 0 22 Slen
SV Bl (3 2ee 6 8 clustering volatility 85U UL S5 ey SIS LSy ¢ pthel )
Lesing Apmall Slpadly (31 88Tl Landd sl Wloe 8 (3 85800 i OF o aJU 31,500
IV oy on Lol Lol Uaso 0585 OF U] Lo lsall & 0ol (S3mn OB 2T 8)lumg cihins lis5

ol Sl gy DI (3w S (i Dl (3 DLl Sy s Lo 589 3,500 2L )

Glgwdl 0 88 g0t AU pold sy 9ol I Blgmsl izt Solllal Ayehas ) AJUI Aol 5 3 ekl 8130 Sl sl Al ()l a2 U2
A15 5 2018/2017 calsyy amsler cigalasi¥l pslall 3 o)5285 53less L takie dmg LT (20172007 S3d)1 Jo &J9u1g &Sl


https://dspace.univ-ouargla.dz/jspui/browse?type=author&value=%D8%AA%D8%AC%D8%A7%D9%86%D9%8A%2C+%D9%85%D8%AD%D9%85%D8%AF+%D8%A7%D9%84%D8%B9%D9%8A%D8%AF

[[ S A1 AL G311 B gl oy AalS) BN ok B L)) sl 1 1 31 ]]

gl o3 L™ cCalm o) 390 dsby Sl o 5655 Sl (3 adssy ol 05 850 AT Wild
Adldly sl SV ol o gly sl 5T CILL slow adll sas

(B 5 L) Jxad) JUS e Legiylinal @ ey bl (3 ple ol 35y pide e (SH OB 5,LaY,
ol Bsedl Dl tge Wlsad Bl gl el ) Gl Comg i) STy

B9 LI BlygY1 G (580 Wilge ke Lilam Y jailiadt ((04) o3y g

Normality test for Dow Jones Standard & Poor's 500
Observations 2503 2503
Mean 0.0015654 0.0015853
Std.Devn 0.022934 0.022783
Skewness -0.80934 -0.73793
Excess Kurtosis 7.5097 6.26
Minimum -0.2003 -0.20084
Maximum 0.12084 0.11424
Median 0.0028224 0.0031137
Madn 0.018383 0.018431
Asymptotic test :Chi®2=(2) | 6154.8 [0.0000]** 4314.2 [0.0000]**
Normality test :Chi®2=(2) 1177.7 [0.0000]** 944.41 [0.0000]**
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Correlation matrix:
R_Dow Jones R_Standard & Poor's 500

R_Dow Jones 1 0.95558
R_Standard & Poor's 500 0.95558 1
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Sy
R _Dow Jones R _Standard & Poor's 500
Without Without
+ +
Trend+Constant | Constant (Trend+Constant) Trend+Constant | Constant (Trend+Constant)
T-ADF -53.22%%* -53.23%* -52.97%* -52.81%* -52.81%* -52.56%*
F-Prob 0.018 0.0178 0.0088 0.0194 0.019 0.0093
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LSS, AW @B1ysY
Robust Ljung-Box Q-Statistics
R _Dow Jones R_Standard & Poor's 500
Q) 7.19324 [0.2066608] 6.52827 [0.2581517]
Q(10) 16.1999 [0.0940510] 17.6432 [0.0612890]

Q(15) | 23.4684 [0.0746890] 23.8598 [0.0675128]
Q(20) | 29.5073 [0.0782405] 28.8649 [0.0904532)
Q25 | 33.1535 [0.1272756] 31.1589 [0.1838095]
Q@30) | 38.8121 [0.1299941] 36.9952 [0.1772845]
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LM TEST
R_Dow Jones R_Standard & Poor's 500

F Prob F Prob
ARCH 1-5 test: F(5,2492) 81.117 [0.0000]** 79.428 [0.0000]**
ARCH 1-10 test: F(10,2482) 41.813 [0.0000]** 44.722 [0.0000]**
ARCH 1-15 test: F(15,2472) 28.447 [0.0000]** 30.713 [0.0000]**
ARCH 1-20 test: F(20,2462) 21.365 [0.0000]** 23.113 [0.0000]**
ARCH 1-25 test: F(25,2452) 17.444 [0.0000]** 19.22 [0.0000]**
ARCH 1-30 test: F(30,2442) 14.548 [0.0000]** 16.144 [0.0000]**
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R_Dow Jones R _Standard & Poor's 500
Coefficient | Std.Error | t-value t-prob Coefficient Std.Error | t-value | t-prob
Cst(M) 0.002305 | 0.00039156 | 5.887 0.0000 Cst(M) 0.002298 0.00036717 | 6.258 0.0000
Cst(V) x 10”4 0.418923 0.13169 3.181 0.0015 Cst(V) x 10”4 0.301637 0.087943 3.43 0.0006
ARCH(Alphal) 0.17743 0.039042 4.545 0.0000 ARCH(Alphal) 0.186222 0.034005 5.476 0.0000
GARCH(Betal) | 0.747192 0.050689 14.74 0.0000 GARCH(Betal) 0.762949 0.03958 19.28 0.0000
lj)(l)).servations: 2503 No. Parameters : 4 (N)(l)).servations: 2503 No. Parameters : 4
Mean (Y): 0.00157 Variance (Y) : 0.00053 Mean (Y): 0.00159 Variance (Y) : 0.00052
Skewness (Y): -0.80934 Kurtosis (Y) : 10.50969 Skewness (Y): -0.73793 Kurtosis (Y) : 9.26004
Log 6138.196 | Alpha[l]+Beta[l]: | 0.92462 Log 6195.552 Alpha[1]+Beta[l]: | 0.94917
Likelihood: Likelihood:
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Ox Professional version 7.20 (Windows/U) (C) J.A. Doornik, 1994-2017

---- Descriptive Statistics 1.01 session started at ©:13:30 on 21-06-2023 ----

Normality tests and descriptive statistics
The dataset is: C:\Users\Admin\Desktop\dj.x1lsx
The sample is: 1 - 2504 (2504 observations and 2 variables)

Normality test for dj

Observations 2504

Mean 9318.0

Std.Devn. 8752.7

Skewness 1.1898

Excess Kurtosis 0.81088

Minimum 644.63

Maximum 36338.

Median 8305.1

Madn 8674.5

Asymptotic test: Chir2(2) = 659.41 [©.0000]**
Normality test: Chi”*2(2) = 1413.6 [@.0000]**
Normality test for sp

Observations 2504

Mean 1086.0

Std.Devn. 1835.2

Skewness 1.3956

Excess Kurtosis 1.6591

Minimum 70.960

Maximum 4766.2

Median 927.54

Madn 917.32

Asymptotic test: Chi”2(2) = 1100.0 [©.0000]**
Normality test: Chi”2(2) = 1722.8 [0.0000]**

Means, standard deviations and correlations

The dataset is: C:\Users\Admin\Desktop\dj.xlsx

The sample is: 1 - 2504 (2504 observations and 2 variables)
Means

dj sp
9318.0 1686.0
Standard deviations (using T-1)
dj sp
8754.4 1035.4
Correlation matrix:
dj sp
dj 1.06000 0.99569
sp 0.99569 1.0000

Unit-root tests
The dataset is: C:\Users\Admin\Desktop\dj.xlsx
The sample is: 4 - 2504 (2504 observations and 2 variables)

dj: ADF tests (T=2501, Constant+Trend; 5%=-3.41 1%=-3.97)

D-lag t-adf beta Y_1 sigma  t-DY_lag t-prob
2 -1.286 0.99784 306.2 0.6667 ©.5050
1 -1.253 0.99790 306.1 -3.160 ©.0016
7] -1.429 0.99760 306.7

AIC
11.45
11.45
11.45

F-prob

0.5050
0.0055




sp: ADF tests (T=2501, Constant+Trend; 5%=-3.41 1%=-3.97)

D-lag t-adf beta Y_1 sigma t-DY_lag t-prob AIC F-prob
2 -1.170 0.99822 36.37 0.8406 0.4007 7.190
1 -1.130 0.99829 36.37 -3.583 0.0003 7.189 0.4007
0 -1.308 0.99802 36.46 7.193 0.0012

Unit-root tests
The dataset is: C:\Users\Admin\Desktop\dj.x1lsx
The sample is: 4 - 2504 (2504 observations and 2 variables)

dj: ADF tests (T=2501, Constant; 5%=-2.86 1%=-3.44)

D-lag t-adf beta Y_1 sigma t-DY_lag t-prob AIC F-prob
2 1.100 1.0008 306.3 0.6028 0.5467 11.45
1 1135 1.0008 306.3 -3.229 0.0013 11.45 0.5467
0 0.9591 1.0007 306.9 11.45 0.0046

sp: ADF tests (T=2501, Constant; 5%=-2.86 1%=-3.44)

D-lag t-adf beta Y_1 sigma t-DY_lag t-prob AIC F-prob
2 1.003 1.0007 36.39 0.7918 0.4286 7.190
i 1.047 1.0007 36.39 -3.636 0.0003 7.190 0.4286
(4] 0.8552 1.0006 36.48 7.194 0.0010

Unit-root tests
The dataset is: C:\Users\Admin\Desktop\dj.xlsx
The sample is: 4 - 2504 (2504 observations and 2 variables)

dj: ADF tests (T=2501; 5%=-1.94 1%=-2.57)

D-lag t-adf beta Y_1 sigma t-DY_lag t-prob AIC F-prob
2 2,371 1.0011 306.3 0.5961 ©.5512 11.45
1 2.420 1.0012 306.3 -3.237 0.0012 11.45 0.5512
(4] 2.200 1.0011 306.8 11.45 0.0045

sp: ADF tests (T=2501; 5%=-1.94 1%=-2.57)

D-lag t-adf beta Y_1 sigma t-DY_lag t-prob AIC F-prob
2 2.266 1.0011 36.39 0.7852 0.4324 7.190
1 2.327 1.0011 36.38 -3.644 0.0003 7.189 0.4324
0 2.085 1.0010 36.47 7.194 0.0010

Unit-root tests
The dataset is: C:\Users\Admin\Desktop\dj.x1lsx
The sample is: 4 - 2504 (2503 observations and 2 variables)

Augmented Dickey-Fuller test for dj; regression of Ddj on:

Coefficient Std.Error t-value
dj_1 -0.0021028 0.0016787 -1.2527
Constant -14.976 14.371 -1.0421
Trend 0.038607 0.020307 1.9012
Ddj 1 -0.063178 0.019995 -3.1597

sigma = 306.13 DW = 1.998 DW-dj = ©.001231 ADF-dj = -1.253
Critical values used in ADF test: 5%=-3.414, 1%=-3.967
RSS = 234007529.9 for 4 variables and 2501 observations

Augmented Dickey-Fuller test for sp; regression of Dsp on:

Coefficient Std.Error t-value
sp_1 -90.0017133 0.0015158 -1.1303
Constant -1.4893 1.6441 -0.90580




Trend 0.0039612 0.0021690 1.8263
Dsp_1 -0.071590 0.019979 -3.5832

sigma = 36.3706 DW = 1.998 DW-sp = 0.001243 ADF-sp = -1.13
Critical values used in ADF test: 5%=-3.414, 1%=-3.967
RSS = 3303079.746 for 4 variables and 2501 observations

Unit-root tests
The dataset is: C:\Users\Admin\Desktop\dj.xlsx
The sample is: 4 - 2504 (2503 observations and 2 variables)

Augmented Dickey-Fuller test for dj; regression of Ddj on:

Coefficient Std.Error t-value
dj 1 0.00079675 0.00070167 1.1355
Constant 6.4055 8.9508 0.71563
Ddj_ 1 -0.064559 0.019993 -3.2291

sigma = 306.29 DW = 1.998 DW-dj = 0.001231 ADF-dj = 1.135
Critical values used in ADF test: 5%=-2.863, 1%=-3.436
RSS = 234346262.2 for 3 variables and 2501 observations

Augmented Dickey-Fuller test for sp; regression of Dsp on:

Coefficient Std.Error t-value
sp_1 0.00073798 0.00070468 1.0472
Constant 0.81439 1.0551 0.77186
Dsp 1 -0.072643 0.019980 -3.6358

sigma = 36.3876 DW = 1.998 DW-sp = ©.001243 ADF-sp = 1.047
Critical values used in ADF test: 5%=-2.863, 1%=-3.436
RSS = 3307492.023 for 3 variables and 2501 observations

Unit-root tests
The dataset is: C:\Users\Admin\Desktop\dj.x1lsx
The sample is: 4 - 2504 (2503 observations and 2 variables)

Augmented Dickey-Fuller test for dj; regression of Ddj on:

Coefficient Std.Error t-value
dj_1 0.0011626 ©0.00048050 2.4196
Ddj_1 -0.064712 0.019990 -3.2373

sigma = 306.26 DW = 1.998 DW-dj = 0.001231 ADF-dj = 2.42
Critical values used in ADF test: 5%=-1.939, 1%=-2.567
RSS = 234394306.7 for 2 variables and 2501 observations

Augmented Dickey-Fuller test for sp; regression of Dsp on:

Coefficient Std.Error t-value
sp_1 0.0011316 ©0.00048633 2.3267
Dsp_1 -0.072790 0.019978 -3.6436

sigma = 36.3846 DW = 1.998 DW-sp = 0.001243 ADF-sp = 2.327
Critical values used in ADF test: 5%=-1.939, 1%=-2.567
RSS = 3308280.846 for 2 variables and 2501 observations
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Normality tests and descriptive statistics
The dataset is: C:\Users\Admin\Desktop\dj.x1lsx
The sample is: 4 - 2504 (2501 observations and 2 variables)

Normality test for rdj

Observations 2501

Mean 0.0015620

Std.Devn. 0.022930

Skewness -0.81067

Excess Kurtosis 7.5239

Minimum -0.20030

Maximum 0.12084

Median 0.0028224

Madn 0.018340

Asymptotic test: Chi”2(2) = 6173.0 [0.0000]**
Normality test: Chi”r2(2) = 1178.7 [0.0000]**
Normality test for rsp

Observations 2501

Mean 0.0015845

Std.Devn. 0.022780

Skewness -0.73878

Excess Kurtosis 6.2699

Minimum -0.20084

Maximum 0.11424

Median 0.0031137

Madn 0.018408

Asymptotic test: Chi”2(2) = 4324.1 [0.0000]**
Normality test: Chi”2(2) = 945.23 [0.0000]**

Means, standard deviations and correlations

The dataset is: C:\Users\Admin\Desktop\dj.xlsx

The sample is: 4 - 2504 (2501 observations and 2 variables)
Means

rdj rsp
0.0015620 0.0015845
Standard deviations (using T-1)
rdj rsp
0.022934 0.022785
Correlation matrix:
rdj rsp
rdj 1.0000 0.95554
rsp 0.95554 1.0000

Unit-root tests
The dataset is: C:\Users\Admin\Desktop\dj.x1sx
The sample is: 4 - 2504 (2503 observations and 2 variables)

rdj: ADF tests (T=2501, Constant+Trend; 5%=-3.41 1%=-3.97)

D-lag t-adf beta Y_1 sigma t-DY_lag t-prob AIC F-prob
1 -34.74%%  -0.012057 0.02288 -2.367 0.0180 -7.554
(4] -53,22** -0.062312 0.02290 -7.552 0.0180
rsp: ADF tests (T=2501, Constant+Trend; 5%=-3.41 1%=-3.97)
D-lag t-adf beta Y_1 sigma t-DY_lag t-prob AIC F-prob
1 -34.63**% -0.0054561 0.02274 -2.339 0.01%4 -7.566
0 -52.81*%*  -9.054782 0.02276 -7.564 0.0194




Unit-root tests
The dataset is: C:\Users\Admin\Desktop\dj.x1lsx
The sample is: 4 - 2504 (2503 observations and 2 variables)

rdj: ADF tests (T=2501, Constant; 5%=-2.86 1%=-3.44)

D-lag t-adf beta Y_1 sigma t-DY_lag t-prob AIC F-prob
1 -34.74%% -0.011924 0.02287 -2.370 0.0178 -7.554
0 -53.23** -0.062244 0.02289 -7.553 0.0178

rsp: ADF tests (T=2501, Constant; 5%=-2.86 1%=-3.44)

D-lag t-adf beta Y_1 sigma  t-DY_lag t-prob AIC F-prob
1 -34.63*%* -0.0051882 0.02273 -2.346 0.0190 -7.567
0 -52.81*%*  -0.054644 0.02276 -7.565 ©.0190

Unit-root tests
The dataset is: C:\Users\Admin\Desktop\dj.x1lsx
The sample is: 4 - 2504 (2503 observations and 2 variables)

rdj: ADF tests (T=2501; 5%=-1.94 1%=-2.57)

D-lag t-adf beta Y_1 sigma t-DY_lag t-prob AIC F-prob
1 -34.50** -0.0019562 0.02292 -2.620 0.0088 -7.550
0 -52.97** -0.057295 0.02295 -7.548 0.0088

rsp: ADF tests (T=2501; 5%=-1.94 1%=-2.57)

D-lag t-adf beta Y_1 sigma t-DY_lag t-prob AIC F-prob
1 -34.38*%*%  0.0050445 0.02279 -2.603 0.0093 -7.562
(%] -52.56** -0.049529 0.02281 -7.561 0.0093

Unit-root tests
The dataset is: C:\Users\Admin\Desktop\dj.x1lsx
The sample is: 4 - 2504 (2502 observations and 2 variables)

Augmented Dickey-Fuller test for rdj; regression of Drdj on:

Coefficient Std.Error t-value
rdj_1 -1.0623 0.019962 -53.218
Constant 0.0019810 ©0.00091737 2.1595
Trend -2.5628e-007 6.3422e-007 -0.40408

sigma = 0.0228983 DW = 1.994 DW-rdj = 2.125 ADF-rdj = -53.22%%*
Critical values used in ADF test: 5%=-3.414, 1%=-3.967
RSS = 1.309783166 for 3 variables and 2501 observations

Augmented Dickey-Fuller test for rsp; regression of Drsp on:

Coefficient Std.Error t-value
rsp_1 -1.0548 0.019973 -52.811
Constant 0.0021344 0.00091190 2.3406
Trend -3.6931e-007 6.3037e-007 -0.58587

sigma = 0.0227584 DW = 1.995 DW-rsp = 2.109 ADF-rsp = -52.81%*
Critical values used in ADF test: 5%=-3.414, 1%=-3.967
RSS = 1.293829426 for 3 variables and 2501 observations

Unit-root tests
The dataset is: C:\Users\Admin\Desktop\dj.xlsx
The sample is: 4 - 2504 (2502 observations and 2 variables)

Augmented Dickey-Fuller test for rdj; regression of Drdj on:




Coefficient Std.Error t-value
rdj_1 -1.0622 0.019958 -53.225
Constant 0.0016601 0.00045888 3.6177

sigma = 0.0228945 DW = 1.994 DW-rdj = 2.125 ADF-rdj = -53.23%%*
Critical values used in ADF test: 5%=-2.863, 1%=-3.436
RSS = 1.30986878 for 2 variables and 2501 observations

Augmented Dickey-Fuller test for rsp; regression of Drsp on:

Coefficient Std.Error t-value
rsp_1 -1.0546 0.019969 -52.815
Constant 0.0016718 ©0.00045613 3.6651

sigma = 0.0227554 DW = 1.995 DW-rsp = 2.109 ADF-rsp = -52.81**
Critical values used in ADF test: 5%=-2.863, 1%=-3.436
RSS = 1.29400721 for 2 variables and 2501 observations

Unit-root tests
The dataset is: C:\Users\Admin\Desktop\dj.x1lsx
The sample is: 4 - 2504 (2502 observations and 2 variables)

Augmented Dickey-Fuller test for rdj; regression of Drdj on:

Coefficient Std.Error t-value
rdj_1 -1.0573 0.019959 -52.974

sigma = 0.0229498 DW = 1.994 DW-rdj = 2.125 ADF-rdj = -52.97**
Critical values used in ADF test: 5%=-1.939, 1%=-2.567
RSS = 1.31672882 for 1 variables and 2501 observations

Augmented Dickey-Fuller test for rsp; regression of Drsp on:

Coefficient Std.Error t-value
rsp_1 -1.0495 0.019969 -52.557

sigma = 0.022812 DW = 1.995 DW-rsp = 2.109 ADF-rsp = -52.56**
Critical values used in ADF test: 5%=-1.939, 1%=-2.567
RSS = 1.300962818 for 1 variables and 2501 observations




Starting estimation process...

>k 3k 3k 3k 3k 3k 3k 5k 3k %k %k 5k %k >k %k >k 3k 5k 5k 3k %k %k %k %k %k %k k k k k

** G@RCH(6) SPECIFICATIONS **
3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 5 %k %k 3k 3k 3k K ok 3k %k %k 3k ok k k kK k
The dataset is: C:\Users\Admin\Desktop\dj.x1lsx
The estimation sample is: 2 - 2504
The dependent variable is: rdj
Mean Equation: ARMA (@, ©) model.
No regressor in the conditional mean
Variance Equation: GARCH (1, 1) model.
No regressor in the conditional variance
Normal distribution.

Strong convergence using numerical derivatives
Log-likelihood = 6138.2
Please wait : Computing the Std Errors ...

Robust Standard Errors (Sandwich formula)
Coefficient Std.Error t-value t-prob

Cst(M) 0.002305 0.00039156 5.887 ©.0000
Cst(V) x 1on4 0.418923 0.13169 3.181 0.0015
ARCH(Alphal) 0.177430  0.039042 4.545 0.0000
GARCH(Betal) 0.747192  0.050689 14.74 ©.0000
No. Observations : 2503 No. Parameters : 4
Mean (Y) :  0.00157 Variance (Y) :  0.00053
Skewness (Y) : -0.80934 Kurtosis (Y) : 10.50969
Log Likelihood : 6138.196 Alpha[l]+Beta[1]: ©.92462

The sample mean of squared residuals was used to start recursion.

The positivity constraint for the GARCH (1,1) is observed.

This constraint is alpha[L]/[1 - beta(L)] >= 0.

The unconditional variance is 0.000555763

The conditions are alpha[@] > @, alpha[L] + beta[L] < 1 and alpha[i] + beta[i] >= @.
=> See Doornik & Ooms (2001) for more details.

The condition for existence of the fourth moment of the GARCH is observed.

The constraint equals 0.917888 and should be < 1.
=> See Ling & McAleer (2001) for details.

Estimated Parameters Vector :
0.002305; 0.418923; 0.177430; 0.747197
Elapsed Time : 0.236 seconds (or ©.00393333 minutes).

Starting estimation process...

>k 3k >k 3k 3k 5k 5k 5k %k %k %k %k %k %k %k >k 5k 5k %k 5k %k %k %k %k %k *k %k %k %

** G@RCH(7) SPECIFICATIONS **
3k 3k 3k 3k 3k 3k 3k 3k 3k 5k >k 3k 3k 3k 5k 3k 3k %k 3k 3k 3k 5k %k %k %k %k ok k ok Xk
The dataset is: C:\Users\Admin\Desktop\dj.x1lsx
The estimation sample is: 2 - 2504
The dependent variable is: rsp
Mean Equation: ARMA (@, ©) model.
No regressor in the conditional mean
Variance Equation: GARCH (1, 1) model.
No regressor in the conditional variance




Normal distribution.

Weak convergence (no improvement in line search) using numerical derivatives
Log-likelihood = 6195.55
Please wait : Computing the Std Errors ...

Robust Standard Errors (Sandwich formula)
Coefficient Std.Error t-value t-prob

Cst(M) 0.002298 0.00036717 6.258 0.0000
Cst(V) x 10”4 0.301637 0.087943 3.430 0.0006
ARCH(Alphal) 0.186222 0.034005 5.476 0.0000
GARCH(Betal) 0.762949 0.039580 19.28 0.0000
No. Observations : 2503 No. Parameters : 4
Mean (Y) :  0.00159 Variance (Y) : 0.00052
Skewness (Y) : -0.73793 Kurtosis (Y) : 9.26004
Log Likelihood : 6195.552 Alpha[1]+Beta[1l]: ©.94917

The sample mean of squared residuals was used to start recursion.

The positivity constraint for the GARCH (1,1) is observed.

This constraint is alpha[L]/[1 - beta(L)] >= @.

The unconditional variance is 0.000593434

The conditions are alpha[@] > @, alpha[L] + beta[L] < 1 and alpha[i] + beta[i] >= @.
=> See Doornik & Ooms (2001) for more details.

The condition for existence of the fourth moment of the GARCH is observed.

The constraint equals 0.970283 and should be < 1.
=> See Ling & McAleer (2001) for details.

Estimated Parameters Vector :
0.002298; 0.301637; 0.186222; 0.762949
Elapsed Time : 0.408 seconds (or 0.0068 minutes).
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Only univariate models allowed

Normality Test

Statistic t-Test P-Value
Skewness -0.80934 16.540 1.8791e-061
Excess Kurtosis 7.5097 76.768 0.00000
Jarque-Bera 6154.8 .NaN 0.00000
ARCH 1-5 test: F(5,2492) = 81.117 [0.0000]**
ARCH 1-10 test: F(10,2482)= 41.813 [0.0000]**
ARCH 1-15 test: F(15,2472)=  28.447 [0.0000]**
ARCH 1-20 test: F(20,2462)=  21.365 [0.0000]**
ARCH 1-25 test: F(25,2452)= 17.444 [0.0000]**
ARCH 1-30 test: F(30,2442)= 14.548 [0.0000]**

Robust Ljung-Box Q-Statistics on raw data
Q( 5) = 7.19324 [0.2066608]
Q( 10) = 16.1999 [0.0940510]
Q( 15) = 23.4684 [0.0746890]
Q( 20) = 29.5073 [0.0782405]
Q( 25) = 33.1535 [0.1272756]
Q( 30) = 38.8121 [0.1299941]
HO : No serial correlation ==> Accept HO when prob. is High [Q < Chisq(lag)]

Normality Test

Statistic t-Test P-Value
Skewness -0.73793 15.081 2.1569e-051
Excess Kurtosis 6.2600 63.993 0.00000
Jarque-Bera 4314.2 .NaN 0.00000
ARCH 1-5 test: F(5,2492) = 79.428 [0.0000]**
ARCH 1-10 test: F(10,2482)= 44.722 [0.0000]**
ARCH 1-15 test: F(15,2472)= 30.713 [0.0000]**
ARCH 1-20 test: F(20,2462)= 23.113 [0.0000]**
ARCH 1-25 test: F(25,2452)=  19.220 [0.0000]**
ARCH 1-30 test: F(30,2442)= 16.144 [0.0000]**

Robust Ljung-Box Q-Statistics on raw data




Q( 5) 6.52827 [0.2581517]
Q( 10) = 17.6432 [0.0612890]
Q( 15) = 23.8598 [0.0675128]
Q( 20) = 28.8649 [0.0904532]
Q( 25) = 31.1589 [0.1838095]
Q( 30) = 36.9952 [0.1772845]
HO : No serial correlation ==> Accept HO when prob. is High [Q < Chisq(lag)]

%k % %k % 3k %k %k %k %k %k k

** TESTS **

3k 3k 3k ok 5k %k k ok Kok ok

Vector Normality test: Chi*2(4) = 531.49 [0.0000]**

Hosking's Multivariate Portmanteau Statistics on Squared Standardized Residuals
Hosking( 5) 66.0066 [0.0000002]
Hosking( 10) 81.4793 [0.0000526]
Hosking( 20) 121.403 [0.0012075]
Hosking( 50) 292.267 [0.0000149]
Warning: P-values have been corrected by 2 degrees of freedom

Li and McLeod's Multivariate Portmanteau Statistics on Squared Standardized Residuals
Li-McLeod( 5) = 65.9813 [0.0000002]
Li-McLeod( 19) 81.4687 [0.0000528]
Li-McLeod( 20) = 121.386 [0.0012117]
Li-McLeod( 50) = 291.525 [0.0000169]
Warning: P-values have been corrected by 2 degrees of freedom

% 3k 3k 3k 5k >k k ok Kk ok

*3 TESTS B
%k 3k 3k %k ok 5k %k ok k 3k k
Hosking's Multivariate Portmanteau Statistics on Squared Standardized Residuals
Hosking( 5) 88.7301 [0.0000000]
Hosking( 10) 114.267 [0.0000000]
Hosking( 20) = 218.928 [0.0000000]
Hosking( 50) 665.488 [0.0000000]
Warning: P-values have been corrected by 2 degrees of freedom

Li and McLeod's Multivariate Portmanteau Statistics on Squared Standardized Residuals
Li-McLeod( 5) = 88.6826 [0.0000000]
Li-McLeod( 10) 114.203 [0.0000000]
Li-McLeod( 20) 218.481 [0.0000000]
Li-McLeod( 50) 660.065 [0.0000000]
Warning: P-values have been corrected by 2 degrees of freedom




*+ TESTS **

%k %k 3k 3k %k 5k %k %k %k %k k

Information Criteria (to be minimized)

Akaike -12.122766 Shibata -12.122791
Schwarz -12.101820 Hannan-Quinn -12.115162

Q-Statistics on Squared Standardized Residuals

Series: rdj

Q( 5) = 4.54234 [0.4742392]
Q( 10) = 8.82508 [0.5487811]
Q( 20) = 22.0308 [0.3388415]
Q( 50) = 161.838 [0.0000000]
Series: rsp

Q( 5) = 15.0439 [0.0101765]
Q( 10) = 19.4443 [0.0349690]
Q( 20) = 57.6820 [0.0000162]
Q( 50) = 206.662 [0.0000000]

HO : No serial correlation ==> Accept HO when prob. is High [Q < Chisq(lag)]

Vector Normality test: Chi”2(4) = 651.89 [0.0000]**

Hosking's Multivariate Portmanteau Statistics on Squared Standardized Residuals
Hosking( 5) 88.7301 [0.0000000]
Hosking( 10) 114.267 [0.0000000]
Hosking( 20) = 218.928 [0.0000000]
Hosking( 50) 665.488 [0.0000000]
Warning: P-values have been corrected by 2 degrees of freedom
Li and McLeod's Multivariate Portmanteau Statistics on Squared Standardized Residuals
Li-McLeod( 5) = 88.6826 [0.0000000]
Li-McLeod( 10) 114.203 [0.0000000]
Li-McLeod( 20) 218.481 [0.0000000]
Li-McLeod( 50) 660.065 [0.0000000]
Warning: P-values have been corrected by 2 degrees of freedom

P-value in brackets. LMC~X2(N*(N-1)/2)) under H@: CCC model, with N=#series

Engle and Sheppard Test for dynamic correlation
106.084 [0.0000000]
122.277 [0.0000000]
159.143 [0.0000000]
246.440 [0.0000000]

P-values in brackets. E-S Test(j)~X2(j+1) under HO: CCC model
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DCC-GARCH VS CCC-GARCH
Progress to date

Model T p log-1likelihood SC HQ AIC
MG@RCH(CCC_GARCH) 2503 1 MaxSQP 15180.641 -12.127 -12.128 -12.129
MG@RCH(DCC_GARCH) 2503 3 MaxSQP 15345.256 -12.252¢ -12.257¢ -12.259¢




*¥*  FIRST STEP  **
oKk Kok KK KRR KK KK o

3k 3k 3 % 3k %k 3k 5k %k %k %k %k %k %k %k Xk Kk k k

** SPECIFICATIONS **

3k 3k 3 3k 5k 5k 5k 5k %k %k %k %k %k %k ok kK ok ok ok
The estimation sample is: 2 - 2504
The dependent variable is: rdj
Mean Equation: ARMA (0, @) model.

No regressor in the conditional mean
Variance Equation: GARCH (1, 1) model.
No regressor in the conditional variance
Normal distribution.

Strong convergence using numerical derivatives
Log-likelihood = 6138.2
Please wait : Computing the Std Errors .

Robust Standard Errors (Sandwich formula)
Coefficient Std.Error t-value t-prob

Cst(M) 0.002305 0.00039156 5.887 0.0000
Cst(V) x 1074 0.418923 0.13169 3.181 0.0015
ARCH(Alphal) 0.177430  0.039042 4.545 0.0000
GARCH(Betal) 0.747192 0.050688 14.74 ©.0000
No. Observations : 2503 No. Parameters : 4
Mean (Y) :  0.00157 Variance (Y) : 0.00053
Skewness (Y) : -0.80934 Kurtosis (Y) : 10.50969
Log Likelihood : 6138.196 Alpha[1]+Beta[l]: ©.92462

The sample mean of squared residuals was used to start recursion.

The positivity constraint for the GARCH (1,1) is observed.

This constraint is alpha[L]/[1 - beta(L)] >= @.

The unconditional variance is 0.000555763

The conditions are alpha[@] > @, alpha[L] + beta[L] < 1 and alpha[i] + beta[i] >= @.
=> See Doornik & Ooms (2001) for more details.

The condition for existence of the fourth moment of the GARCH is observed.

The constraint equals 0.917888 and should be < 1.
=> See Ling & McAleer (2001) for details.

Estimated Parameters Vector :
0.002305; 0.418923; 0.177430; 0.747192
Elapsed Time : 0.236 seconds (or ©0.00393333 minutes).

3k 3k 3k 3 >k 5k 3k >k 5k %k %k >k %k % ok %k k ok k k

** SPECIFICATIONS **

3k 3K 3k 5k 3k 5k 3k 3k 3k >k 5k %k 5k 3k >k 5k >k %k k k
The estimation sample is: 2 - 2504
The dependent variable is: rsp
Mean Equation: ARMA (@, ©) model.
No regressor in the conditional mean
Variance Equation: GARCH (1, 1) model.
No regressor in the conditional variance
Normal distribution.

Weak convergence (no improvement in line search) using numerical derivatives




Log-likelihood = 6195.55
Please wait : Computing the Std Errors ..

Robust Standard Errors (Sandwich formula)
Coefficient Std.Error t-value t-prob

Cst(M) 0.002298 0.00036717 6.258 0.0000
Cst(V) x 10™4 0.301637 0.087943 3.430 0.0006
ARCH(Alphal) 0.186222 0.034005 5.476 0.0000
GARCH(Betal) 0.762949 0.039580 19.28 0.0000
No. Observations : 2503 No. Parameters : 4
Mean (Y) ¢ 0.00159 Variance (Y) :  0.00052
Skewness (Y) : -0.73793 Kurtosis (Y) : 9.26004
Log Likelihood : 6195.552 Alpha[l]+Beta[1]: ©.94917

The sample mean of squared residuals was used to start recursion.

The positivity constraint for the GARCH (1,1) is observed.

This constraint is alpha[L]/[1 - beta(L)] >= o.

The unconditional variance is 0.000593434

The conditions are alpha[@] > @, alpha[L] + beta[L] < 1 and alpha[i] + beta[i] >= @.
=> See Doornik & Ooms (2001) for more details.

The condition for existence of the fourth moment of the GARCH is observed.

The constraint equals 0.9706283 and should be < 1.
=> See Ling & McAleer (2001) for details.

Estimated Parameters Vector :

0.002298; 0.301637; 0.186222; 0.762949
Elapsed Time : 0.361 seconds (or 0.00601667 minutes).
3k 3k 3k 3k 5k 3k 3k 3k 3k 3k 5k >k 3k ok %k 5k Kk k k

% SECOND: STEP %
3k 3k >k 3k >k 3k 5k 3k 5k >k 3k >k %k %k %k %k k k ok

>k 3k 3k 5k >k >k >k sk %k %k ok %k k

*¥* SERIES **
ok ok ok Kok ok Kk ok ok ok
#1: rdj
#2: rsp

The dataset is: C:\Users\Admin\Desktop\dj.x1lsx
The estimation sample is: 2 - 2504
3k 3k 3k 3k 3k 3k 3k 3k %k %k 3k 5k %k %k 3k 3k 3k 5k 3k %k %k %k 3k %k % K 3k ok %k k k

** MG@RCH(2) SPECIFICATIONS **

3k 2k 3k 3k 5k 5k 5k 5k %k %k %k %k %k >k >k >k 5k %k %k %k %k %k %k %k >k %k %k %k %k %k %

Conditional Variance : Constant Correlation Model
Multivariate Normal distribution.

Strong convergence using numerical derivatives
Log-likelihood = 15180.6
Please wait : Computing the Std Errors ...

Robust Standard Errors (Sandwich formula)
Coefficient Std.Error t-value t-prob

rho_21 0.947092 0.0024036 394.0 0.0000
No. Observations : 2503 No. Parameters : 9
No. Series : 2 Log Likelihood : 15180.641

Elapsed Time : 0.047 seconds (or 0.000783333 minutes).

Starting estimation process...
3k 3k 5k >k >k >k 3k %k 5k ok >k %k %k %k ok %k k %k k ok

*%  FIRST STEP  **
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** SPECIFICATIONS **
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The estimation sample is: 2 - 2504
The dependent variable is: rdj
Mean Equation: ARMA (0, ©) model.

No regressor in the conditional mean
Variance Equation: GARCH (1, 1) model.
No regressor in the conditional variance
Normal distribution.

Strong convergence using numerical derivatives
Log-likelihood = 6138.2
Please wait : Computing the Std Errors ...

Robust Standard Errors (Sandwich formula)
Coefficient Std.Error t-value t-prob

Cst(M) 0.002305 0.00039156 5.887 0.0000
Cst(V) x 1074 0.418923 0.13169 3.181 0.0015
ARCH(Alphal) 0.177430  0.039042 4.545 0.0000
GARCH(Betal) 0.747192 0.050688 14.74 0.0000
No. Observations : 2503 No. Parameters : 4
Mean (Y) :  0.00157 Variance (Y) :  0.00053
Skewness (Y) : -0.80934 Kurtosis (Y) : 10.50969
Log Likelihood : 6138.196 Alpha[1]+Beta[1l]: ©.92462

The sample mean of squared residuals was used to start recursion.

The positivity constraint for the GARCH (1,1) is observed.

This constraint is alpha[L]/[1 - beta(L)] >= 0.

The unconditional variance is 0.000555763

The conditions are alpha[@] > @, alpha[L] + beta[L] < 1 and alpha[i] + beta[i] >= .
=> See Doornik & Ooms (2001) for more details.

The condition for existence of the fourth moment of the GARCH is observed.

The constraint equals 0©.917888 and should be < 1.
=> See Ling & McAleer (2001) for details.

Estimated Parameters Vector :
0.002305; 0.418923; 0.177430; 0.747192
Elapsed Time : 0.282 seconds (or 0.0047 minutes).
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** SPECIFICATIONS **

3k 3K 3k >k 3k 5k 3k 3k ok 3k >k 3k 5k >k 3k >k ok ok k ok
The estimation sample is: 2 - 2504
The dependent variable is: rsp
Mean Equation: ARMA (0, ©) model.
No regressor in the conditional mean
Variance Equation: GARCH (1, 1) model.
No regressor in the conditional variance
Normal distribution.

Weak convergence (no improvement in line search) using numerical derivatives
Log-likelihood = 6195.55




Please wait : Computing the Std Errors ...

Robust Standard Errors (Sandwich formula)
Coefficient Std.Error t-value t-prob

Cst(M) 0.002298 0.00036717 6.258 0.0000
Cst(V) x 1en4 0.301637 0.087943 3.430 0.0006
ARCH(Alphal) 0.186222  0.034005 5.476 ©.0000
GARCH(Betal) 0.762949 0.039580 19.28 0.0000
No. Observations : 2503 No. Parameters : 4
Mean (Y) :  0.00159 Variance (Y) : 0.00052
Skewness (Y) i -0.73793 Kurtosis (Y) : 9.26004
Log Likelihood : 6195.552 Alpha[1]+Beta[1l]: ©0.94917

The sample mean of squared residuals was used to start recursion.

The positivity constraint for the GARCH (1,1) is observed.

This constraint is alpha[L]/[1 - beta(L)] >= @.

The unconditional variance is 0.000593434

The conditions are alpha[@] > @, alpha[L] + beta[L] < 1 and alpha[i] + beta[i] >= @.
=> See Doornik & Ooms (2001) for more details.

The condition for existence of the fourth moment of the GARCH is observed.

The constraint equals 0.970283 and should be < 1.
=> See Ling & McAleer (2001) for details.

Estimated Parameters Vector :

0.002298; 0.301637; 0.186222; 0.762949
Elapsed Time : ©0.251 seconds (or ©0.00418333 minutes).
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*#% SECOND STEP #%
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*¥ SERTES '+
3k 3 3k 3k 3k 3k >k %k K % %k Xk k
#1: rdj
#2: rsp

The dataset is: C:\Users\Admin\Desktop\dj.x1lsx
The estimation sample is: 2 - 2504
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** MG@RCH(3) SPECIFICATIONS **
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Conditional Variance : Dynamic Correlation Model (Engle)
Multivariate Normal distribution.

Strong convergence using numerical derivatives
Log-likelihood = 15345.3
Please wait : Computing the Std Errors ...

Robust Standard Errors (Sandwich formula)
Coefficient Std.Error t-value t-prob

rho_21 0.955313 0.0035814 266.7 ©.0000
alpha 0.075337 0.012642 5.959 0.0000
beta 0.878838 0.023236 37.82 0.0000
No. Observations : 2503 No. Parameters : 11
No. Series : 2 Log Likelihood : 15345.256

Elapsed Time : 0.078 seconds (or ©0.0013 minutes).






