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getSymbols("CAT", "2006-01-03", "2017-04-17")

## [1] "CAT"

rt <- diff(log(as.numeric(CAT[,6])))
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Box.test(rt, 10, "Ljung')
##
## Box-Ljung test
##

## data: rt

## X-squared = 16.229, df = 10, p-value = 0.09325
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ANS 1.a: There exists no serial correlation in log return rt with 95% CI, because the Ljung B

ox test of rt has p-value 0.09325 > 0.05 not rejecting null hypothesis of zero correlation am

ong rt at 0.05 level of significance, implying efficient market. Also, the ACF and PACF indicat
es correlation value insignificantly differ from zero, showing no sign of serial correlation.
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acf(rt”2)
Series rtt2
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Box.test(rt”2, 10, "Ljung')
H#it
## Box-Ljung test
#it

## data: rt~2
## X-squared = 917.58, df = 10, p-value < 2.2e-16

ANS 1.b: There exists ARCH effect in log return rt with 95% CI, because Ljung-Box test of rt
72 has p-value < 0.05, rejecting the null hypothesis of no non-linear dependent among rt at
0.05 level of significance. Also, ACF of rt*2 indicate pattern of values significantly differ fro
m zero, confirming the non-linear dependent of log return rt (ARCH effect).
Tob Aecw effut:  T'-0f
Ljung-Box = H,: f,=t,5. 2, of ‘ogho‘ / No Arch effect
St H,: 38120 / Thee cxish ARcH effet
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1.c)

ml <- garchFit(~ arma(1,0)+garch(1,1) ,data=rt ,trace=F)
summary(ml)

Title:

GARCH Modelling

Call:

garchFit(formula = ~arma(1, ©) + garch(1, 1), data = rt, trace = F)

Mean and Variance Equation:
data ~ arma(1, @) + garch(1, 1)
<environment: 0x000001d3e455d990>

[data = rt]

Conditional Distribution:

norm

Coefficient(s):
mu arl omega alphal betal

4.7490e-04 1.7677e-02 4.4860e-06 4.9755e-02 9.386le-01

Std. Errors:

based on Hessian

Error Analysis:

Estimate Std. Error t value Pr(>|t])
mu 4.749e-04 3.075e-04 1.544 0.122480
arl 1.768e-02 2.004e-02 0.882 0.377774

omega 4.486e-06 1.280e-06 3.503 0.000459 **x*
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alphal 4.976e-02  8.200e-03 6.067 1.3e-09 ***
betal 9.386e-01 1.032e-02 90.934 < 2e-16 ***

Signif. codes: © “***’ 9,001 “**’ 0.01 ‘*’ ©0.05 ‘.” 0.1 ¢’ 1

Log Likelihood:

7381.067 normalized: 2.599883

Description:

Tue Apr 27 20:33:15 2021 by user: ASUS

Standardised Residuals Tests:
Statistic p-Value

Jarque-Bera Test R Chinr2 3293.722 ©

Shapiro-Wilk Test R W 0.9664334 ©

Ljung-Box Test R Q(10) 12.36538 0.2613468
Ljung-Box Test R Q(15) 14.78355 0.4671183
Ljung-Box Test R Q(20) 19.40031 ©.4959589
Ljung-Box Test R"2 Q(10) ©.9807765 0.9998426
Ljung-Box Test R"2 Q(15) 3.684778 ©.9986004
Ljung-Box Test RA2 Q(20) 6.924134 ©.9969265
LM Arch Test R TR"2 2.720581 0.9972158

Information Criterion Statistics:
AIC BIC SIC HQIC

-5.196243 -5.185762 -5.196250 -5.192463
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1.d)

m2 <- garchFit(~garch(1,1), rt, "std", F)
## Warning: Using formula(x) is deprecated when x is a character vector of le
ngth > 1.

##  Consider formula(paste(x, collapse = " ")) instead.
summary(m2)

#it

## Title:

## GARCH Modelling

#i

## Call:

## garchFit(formula = ~garch(l, 1), data = rt, cond.dist = "std",
#it trace = F)

##

## Mean and Variance Equation:

## data ~ garch(1, 1)

## <environment: 0x000000001dd4f208>
## [data = rt]

#i

## Conditional Distribution:

## std

#it

## Coefficient(s):

H## mu omega alphal betal shape

## 5.9008e-04 4.2138e-06 7.2389e-02 9.2028e-01 5.1049e+00
##

## Std. Errors:

## based on Hessian

#it

## Error Analysis:

Hi Estimate Std. Error t value Pr(>|t])
## mu 5.901e-04 2.703e-04 2.183 0.02904 *

## omega 4.214e-06 1.574e-06 2.678 0.00741 **
## alphal 7.239e-02 1.375e-02 5.265 1.4e-07 ***
## betal 9.203e-01 1.474e-02 62.448 < 2e-16 ***
## shape 5.105e+00 4.839e-01 10.549 < 2e-16 ***
#it ---

## Signif. codes: © '***' 9,001 '**' ©0.01 '*' @.05 '.' 0.1 ' ' 1
Hit

## Log Likelihood:

## 7509.292 normalized: 2.645048

Hit

## Description:

## Tue Apr 27 20:08:46 2021 by user: ASUS

##

##

## Standardised Residuals Tests:

H## Statistic p-Value



##
##
##
##
##
##
##
##
##
##

Jarque-Bera Test R Chi»
Shapiro-Wilk Test R W

Ljung-Box Test R Q(10
Ljung-Box Test R Q(15
Ljung-Box Test R Q(20
Ljung-Box Test R"2  Q(10
Ljung-Box Test R”"2  Q(15
Ljung-Box Test R"2  Q(20
LM Arch Test R TR"2
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2 4047.363 ©
0.9639883 0
) 14.87685 0.1366167
) 16.83467 0.3288433
) 20.67317 0.4165887
) 2.955969 0.9824413
) 5.488358 0.9871219
) 9.459063 0.9769545
4.275692 0.9779321

## Information Criterion Statistics:

##
##

Sample Quantiles

#H#
#H#
#H#
#H#
##
#H#

-10

AIC

BIC SIC

gstd - QQ

HQIC
-5.286574 -5.276093 -5.286580 -5.282793
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o

predict(m2,5)

## meanForecast meanError standardDeviation
## 1 0.0005900796 0.01557857 0.01557857
## 2 0.0005900796 0.01565654 0.01565654
## 3 0.0005900796 0.01573356 0.01573356
## 4 0.0005900796 0.01580965 0.01580965
## 5 0.0005900796 0.01588481 0.01588481

of

-— "~ ) a A A
A_“i D Thid) = rh(:) 5 rhlla) = rht $) = 0.00039

6= 0,01557857 = te,mT)
6,0:0.01565654 = [var(e,@T)
6,(1<0.01573356 - fur (e,
6,:0.01580965 - [ (& @
6,(:0.01588481 - fvarce, )

A_"‘iLq : i-.slgp i 000059 %496 (0.01558) = [-0.0294,0.0314] sz e
z.;j..‘,: 0.00089 3 1.9¢ (0.0456¢) = [-0.0301  0.0513] 8% ¢

3.shp :  0.000s8 ¢ 4.96( 0.01533) (-0.0303, 0.0344) 837 €|

h-skp: o0.00esa t iSi(0.01s) = [-0.0304, 0.031¢] 4s7 @l

+

Sshp ; 0.0008 ¢ 1% (o.015%3) = [-0.030s, 0.0313] 47 ¢
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m.kovw.5116 <- read.csv("C:/Users/ASUS/Downloads/m-kovw-5116.txt", ")
ko <- m.kovw.5116[,3]
logko <- log(1l+ko)

t.test(logko)

##

## One Sample t-test

H#

## data: logko

## t = 4.9853, df = 779, p-value = 7.628e-07
## alternative hypothesis: true mean is not equal to ©
## 95 percent confidence interval:

## ©0.00625636 0.01438347

## sample estimates:

## mean of x

## 0.01031992

acf(logko)

Series logko

ACF
00 02 04 06 08 10

IR S R N R
I | | | | I
0 4] 10 15 20 25
Lag

Box.test(logko, 10, "Ljung')
##
## Box-Ljung test
##

## data: logko
## X-squared = 5.9201, df = 10, p-value = 0.8219 So.es



acf(logko”2)

Series logko”2
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ACF
00 02 04 06 08 10

0 4] 10 15 20
Lag
Box.test(logko”2, 10, ‘Ljung")
#it
## Box-Ljung test
##

## data: logko”2

## X-squared = 228.23, df = 10, p-value < 2.2e-16 <o.0s

Ans_2a. Tdab : U,: M of log shm Ko clogho) =0

N:mgo

The mpuH pvale :3.621€-02 < 0.05 . U is rq'wl'd ot .08 Lovel e! signi"cma-

Thol is, pdo wilh asz er

Lijwng - Box Yot : Ho:e,2€,2.. *€, 20 'F' foglo
(T=10) H,: 36, %0

There exists no serial correlation in log return KO
with 95% C1, because the Ljung B ox test of logko has
p-value 0.08219 > 0.05 not rejecting null hypothesis
of zero corvelation am ong vt at 0.05 Level of
significance, implying efficient market. Also, the
ACF indicat es correlation value insignificantly
differ from zero, showing wno sigwn of serial
corvelation.

Tt ARCH e”«,l‘: 1051«32-0:
liuns-sox. g H o’ f.=f,"' -fh a{ lg,lu! / No ARCH 6”&!‘
hxe) H: 3040 / Thee exish ARcH offet

There exists ARCH effect in log return ko with 95% CI,
because Ljung-Box test of logko”& has p-value < 0.05,
rejecting the null hypothesis of no non-linear
dependent among logko at 0.05 level of significance.
Also, ACF of logko”2 indicate pattern of values
significantly differ from zero, confirming the non-linear
dependent of log return ko (ARCH effect).
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2.b)

ml <- garchFit(~ arma(1,0)+garch(1,1) , logko , F)
summary(ml)

#it

## Title:

## GARCH Modelling

#it

## Call:

## garchFit(formula = ~arma(1, @) + garch(1l, 1), data = logko, trace = F)
#it

## Mean and Variance Equation:

## data ~ arma(l, @) + garch(1, 1)
## <environment: Ox000000001f7ed880>
## [data = logko]

##

## Conditional Distribution:

## norm

##

## Coefficient(s):

H## mu arl omega alphal betal

## 0.01124544 -0.02633742 ©0.00018112 ©0.09535029 0.84861593
##

## Std. Errors:

## based on Hessian

#it

## Error Analysis:

Hit Estimate Std. Error t value Pr(>|t])

## mu 1.125e-02 1.897e-03 5.929 3.05e-09 ***
## arl -2.634e-02 3.881e-02 -0.679 0.49740

## omega 1.811e-04 5.852e-05 3.095 0.00197 **
## alphal 9.535e-02 1.915e-02 4.978 6.42e-07 ***
## betal 8.486e-01 2.766e-02 30.675 < 2e-16 ***
## ---

## Signif. codes: © '***' 9,001 '**' @9.01 '*' ©0.05 '.' 0.1 ' ' 1
it

## Log Likelihood:

## 1170.664 normalized: 1.500852

it

## Description:

## Tue Apr 27 20:42:30 2021 by user: ASUS

i

##

## Standardised Residuals Tests:

H## Statistic p-Value

## Jarque-Bera Test Chi”r2 92.91946 0O <o.0s

## Shapiro-Wilk Test W 0.9857081 6.655604e-07

## Ljung-Box Test
## Ljung-Box Test
## Ljung-Box Test

Q(15) 22.9901 ©.0843502
Q(20) 27.44814 0.1231201

ol v B v v

Q(10) 9.306169 0.5033144 ‘
> 0.0S
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## Ljung-Box Test R*2 Q(10) 12.63377 ©.2448749

## Ljung-Box Test R"2 Q(15) 13.62088 0.5544545 > 0.0$
## Ljung-Box Test R"2 Q(20) 15.19817 0.7649584

## LM Arch Test R TR"2 10.65102 ©.5590389

i

## Information Criterion Statistics:

## AIC BIC SIC HQIC

## -2.988883 -2.959016 -2.988965 -2.977396
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Ve ;- &¢ = ‘("s?:s:‘e'-‘os)*- 3_‘::?:) H (.a.ou-m b
2.0)
m2 <- garchFit(~arma(1,0)+garch(1,1), logko, "std", F)
summary(m2)
#it
## Title:
## GARCH Modelling
#it
## Call:
## garchFit(formula = ~arma(1l, @) + garch(1, 1), data = logko, cond.dist = "
std",
it trace = F)
##

## Mean and Variance Equation:



##
##
##
##
##
##
##
##
##
pe
##
80
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
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data ~ arma(1, @) + garch(1, 1)
<environment: 0x0000000020efbb28>
[data = logko]
Conditional Distribution:
std
Coefficient(s):
mu arl omega alphal betal
0.01124020 -0.01887601 ©0.00017395 0.09642927 0.85044151
Std. Errors:
based on Hessian
Error Analysis:
Estimate Std. Error t value Pr(>|t])
mu 1.124e-02 1.810e-03 6.211 5.27e-10 ***
arl -1.888e-02 3.691e-02 -0.511 0.60904
omega 1.739e-04 6.596e-05 2.637 ©0.00836 **
alphal 9.643e-02  2.338e-02 4,124 3.72e-05 ***
betal 8.504e-01 3.267e-02 26.028 < 2e-16 ***
shape 7.479e+00  1.840e+00 4.066 4.79e-05 ***
Signif. codes: © '***' 9,001 '**' 0.01 '*' ©0.05 '.' 0.1 ' ' 1
Log Likelihood:
1184.863 normalized: 1.519055
Description:
Tue Apr 27 20:42:30 2021 by user: ASUS
Standardised Residuals Tests:
Statistic p-Value
Jarque-Bera Test R Chi~2 93.6433 0
Shapiro-Wilk Test R W 0.9857385 6.832848e-07
Ljung-Box Test R Q(10) 8.966733 ©0.5352637 -
Ljung-Box Test R Q(15) 22.44818 ©0.09657967 ’
Ljung-Box Test R Q(20) 26.86769 0.1390276
Ljung-Box Test R"2 Q(10) 12.48941 0.2536355
Ljung-Box Test R"2  Q(15) 13.37442 0.5734021 Y >9.98
Ljung-Box Test R"2 Q(20) 14.90709 ©.7816987
LM Arch Test R TR"2  10.48089 ©.5738501

Information Criterion Statistics:

AIC BIC SIC HQIC
-3.022725 -2.986885 -3.022843 -3.008941

sha

7.478777
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gstd - QQ Plot
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2.d) m3 <- garchFit(~garch(1,1) ,

ARMA (1,0) + GARCH (1,1)
a -~ 1-dist.

summary (m3)

#it

## Title:

## GARCH Modelling
#i#

## Call:

Tob linear dependent in af o vonlineer dependent in g,
Mo : fhor is mo AR effut o €,2@5..%€nc0 o &
H,: e exish  Aren effect

Ljung -Box ot yild pvau > o008 fordl Mzinis20 £ IN Ak Ted p-vale > 005
Ho is not rejecded of oos lovel of significarce
Thel is, no serid eodlation in 3: o No ARH offet

vaviance equc‘im is oppropriak wikh 437 01

> insigniﬁ'canl' eoe“‘e-‘ul' 4 L7
a, ~ +a.tm
AR #AR

2 2
4 0.09643 4 3 + 0.08504 ‘{-.
€0.02338)

(0.03243)

logko , F)

## garchFit(formula = ~garch(1, 1), data = logko, trace = F)

##

## Mean and Variance Equation:

## data ~ garch(1, 1)

## <environment: 0x0000000020992f68>

## [data = logko]

#i#

## Conditional Distribution:
## norm

##

## Coefficient(s):

## mu omega

alphal betal

## 0.01098417 0.00018497 0.09479925 0.84780406

##

## Std. Errors:
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## based on Hessian
#it
## Error Analysis:
it Estimate Std. Error t value Pr(>|t]|)
## mu 1.098e-02 1.846e-03 5.950 2.68e-09 ***
## omega 1.850e-04 5.899e-05 3.135 ©0.00172 **
## alphal 9.480e-02 1.912e-02 4.958 7.11e-07 ***
## betal 8.478e-01 2.787e-02 30.416 < 2e-16 ***
A oo
## Signif. codes: @ '***' 9,001 '**' 0.01 '*' @.05 '.' 0.1 ' ' 1
#it
## Log Likelihood:
## 1170.393 normalized: 1.500504
#i
## Description:
## Tue Apr 27 20:42:30 2021 by user: ASUS
#i
#i
## Standardised Residuals Tests:
H## Statistic p-Value
## Jarque-Bera Test R Chi~r2 95.07163 © <o.0¢
## Shapiro-Wilk Test R W 0.9856773 6.481596e-07
## Ljung-Box Test R Q(10) 8.125181 ©.6166108 } S
## Ljung-Box Test R Q(15) 21.27199 ©.128362
## Ljung-Box Test R Q(20) 25.62765 0.1784646
## Ljung-Box Test R"2 Q(10) 12.90586 ©0.228983
## Ljung-Box Test RA2 Q(15) 13.87463 0.5350581 [ > °°°
## Ljung-Box Test R*2 Q(20) 15.35522 0.755734
## LM Arch Test R TR"2 10.96004 0.532346
#it
## Information Criterion Statistics:
#it AIC BIC SIC HQIC
## -2.990752 -2.966858 -2.990804 -2.981562
gnorm - QQ Plot
§ e 7 /
g v - I8 fod : H,: sorion s vemdly dish®
» — T T T T T T H, : senes st mevnally disk
3 2 A 0 1 2 3 pvale <005 ; Hoisriacted of oas funlof sig.
Ans 2.d Theoretical Quantiles Thl is, sorica nt verrelly diskloded ik %:l

Tod lineer deperndent in &4 : W,: €,26,:..7¢, %0

H,: 36, #0

ljuu"Bon {ot widd p-vadw > 005 for i ™ = 10,15,20

Teb linear Wu‘ i & o vonlineor Jq»nvﬂml in T,
Ho: fhor is we AREH effud  or €8s Cneo Jr B
L Here exnhs  AetH 8{’&4

Ho is not rejected ol oos fovel of significanct
Thet is, no serdl cowelakion in @, o
Meen equc-ﬁm is oppropriak ik 832 CI

l;nu,’ﬁn Job wdd pvale > 008 frdl Metos20 L 1N Ark Teof pvahe > 0.0%
He is not reiccded al oos lwel of significance
Thet is, no seriol cowelation in H: o No ARCH offed

vaviance cquei“u is b ikl a2 01
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. Mean & Var. Mokl is sdlequale bul Dishbubion is vl Nomd
M3 filed eq :  Mean €. : 7= 0.010a3***

(0.001348)

GARCH 11,3) A AA AMA AMA

Veriona €9 :  6i"= 135€-04 4+ 0.00u3 @y 4 0.3433 6,

($5.399¢-03)  (0.01913) (0.02%3)

9.)
m4 <- garchFit(~garch(1,1), logko, "std", F)
summary(m4)
#i
## Title:
## GARCH Modelling
#i
## Call:
## garchFit(formula = ~garch(1, 1), data = logko, cond.dist = "std",
#it trace = F)
#i
## Mean and Variance Equation:
## data ~ garch(1, 1)
## <environment: 0x000000001d95e758>
## [data = logko]
#it
## Conditional Distribution:
## std
#it
## Coefficient(s):
#it mu omega alphal betal shape
## 0.01105016 0©.00017528 0.09632874 0.85006800 7.48604505
#it
## Std. Errors:
## based on Hessian
#it
## Error Analysis:
H# Estimate Std. Error t value Pr(>|t])
## mu 1.105e-02 1.757e-03 6.291 3.16e-10 ***

## omega 1.753e-04 6.627e-05 2.645 0.00817 **

## alphal 9.633e-02 2.337e-02 4.123 3.75e-05 ***

## betal 8.501e-01 3.277e-02  25.941 < 2e-16 ***

## shape 7.486e+00 1.840e+00 4.069 4.72e-05 ***

## ---

## Signif. codes: © '***' 9,001 '**' @9.01 '*' ©0.05 '.' 0.1 ' ' 1
##

## Log Likelihood:
## 1184.68 normalized: 1.518821
it



## Description:
## Tue Apr 27 20:42:30 2021 by user: ASUS

Chin2
W

Q(10)
Q(15)
Q(20)
Q(10)
Q(15)
Q(20)

#it

##

## Standardised Residuals Tests:
#it

## Jarque-Bera Test R
## Shapiro-Wilk Test R
## Ljung-Box Test R
## Ljung-Box Test R
## Ljung-Box Test R
## Ljung-Box Test R"2
## Ljung-Box Test RA2
## Ljung-Box Test R"2
## LM Arch Test R

#

## Information Criterion Statistics:

##

AIC BIC

TR"2

SIC

6104640542 Jak Aswadetmathakul

Statistic p-Value

95.31715 ©
0.9857263 6.761141e-07
8.228765 ©.6065024
21.34759 0.1260864 } >0.03
25.67699 ©.1767469
12.61146 ©.2462139
13.4693 ©.5660982 p »0.9%
14.93694 ©.7800047
10.62989 ©.560875

HQIC

## -3.024822 -2.994954 -3.024903 -3.013334

Sample Quantiles

Ahs. 28

qstd -

QQ Plot

Theoretical Quantiles

Tod Dinear dependent in Ay : U,: 02€,: 7€ *0

HI: !G;#o

ljung'Bw bl yidd pvau > 005 fordl T =10,1520
He is not rejecked af oos lowel of significance

Thet is, no sesidl cowelation in E* or

Mean squclion is cpprpiak wils 870

;. Mean & Var. Modkd is adequnlc
3. QQ p'\‘" Jign «uiJL "'—Jis‘:

M4 : lilled 6g > Mean: ¥y: 0.010s"

AR

€0.00135%)

2 A
Vaviane: 64 = 13s3e-04
(¢.623€-05)

AR o

Tob linsar dependont in &) o won-lnear deponchnt in T,
Ho: fhor is me APCH et @ €:@s.tCneo Jv &
H,: dhere exsh At effecd

Ljwmg Box bt idd pvel > 008 fordl Mrziessz0 £ UM Arck Teod prvale 5005
He is not rejected af oos ol of sigrificarce
Thel is, no seridl conddation in 3: o No AREH offet

vaviance ‘?““;"‘ is ke wilh 437 01

a "'h.m

AAA

+ 0.04633 &y + 0.9501 o‘:
-1

€0.02113)

10.0323)
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A5_Q3.R

ASUS
2021-04-28
getSymbols("~GSPC", "2005-01-02", "2021-03-31")
## [1] "~GSPC"
rt <- diff(log(as.numeric(GSPC[,6])))*100

3.4l t.test(rt)

#i#

## One Sample t-test
#i#

## data: rt

## t = 1.4961, df = 4086, p-value = 0.1347

## alternative hypothesis: true mean is not equal to ©
## 95 percent confidence interval:

## -0.009051939 0.067374643

## sample estimates:

## mean of x

## 0.02916135

acf(rt)

Series rt

08
|

ACF
04

pacf(rt)



M T'Jh" H “°: ’J Of ‘09 u‘-m (r*) =0 /BIPuH vﬁlu_ ,f r+=o

U: mto
The mpuhd pvalu : 04343 >0.05 _H, ."l{' miu,l-ul ot 0.0 Lovel of signi#cnqa-
Thal is, p=o wilk 452 e

Series 1t
8 i lium.,-Bon Yot H¢=e.=€.'..'eh'° &1 f+
B H ------------------- ‘ ---------- - (m=10) W,: 3640
" | T P T W
Q ! l | [ " tT | ! There exists serial correlation tn log return vt with
=T I R 95F Cl, because the Ljung B ox test of vt has p-value
Tt 9 2.2¢-16<0.05 rejecting null hypothesis of zero
- corvelation among rt at 0.05 Level of significance,
7] implying serial corvelation in rt. Also, the ACF
o indicates corvelation value significantly differ from
S T T T T T T T T zevo, showing sigw of serial correlation.
0 5 10 15 20 25 30 35
Lag
Box.test(rt, 10, "Ljung')
##
## Box-Ljung test
##
## data: rt

## X-squared = 131.85, df = 10, p-value < 2.2e-16 <o.0s
3.b) auto.arima(rt)

## Series: rt
## ARIMA(2,0,1) with non-zero mean

##

## Coefficients:

## arl ar2 mal mean
## -0.9468 -0.1434 0.8010 0.0292
## s.e. 0.0673 0.0164 0.0662 0.0166
##

## sigma~2 estimated as 1.518: log likelihood=-6650.61
## AIC=13311.21  AICc=13311.23 BIC=13342.79

ml <- garchFit(~arma(2,1)+garch(1,1), rt, F)

## Information Criterion Statistics:
it AIC BIC SIC HQIC
## 2.639559 2.650376 2.639553 2.643389

ml <- garchFit(~arma(2,1)+garch(1,2), rt, F)

## Information Criterion Statistics:
#H#H AIC BIC SIC HQIC
## 2.640235 2.652597 2.640228 2.644613

ml <- garchFit(~arma(2,1)+garch(2,2), rt, F)



##
##

Information Criterion Statistics:
AIC BIC SIC HQI

C

## 2.637229 2.651136 2.637219 2.642153

ml

<- garchFit(~arma(2,1)+garch(2,1),

summary(ml)

##
##
##
##
##
##
##
##
##
##
##
##
##
#H#
#H#
##
#H#
#H#
##
#H#
#H#
##
#H#
#H#
##
##
##
H#
##
##
H#
##
##
H#
##
##
##
##
##
##
##

Title:
GARCH Modelling

Call:

F)

garchFit(formula = ~arma(2, 1) + garch(2, 1), data = rt, trace = F)

Mean and Variance Equation:
data ~ arma(2, 1) + garch(2, 1)
<environment: 0x000000001e92d148>
[data = rt]

Conditional Distribution:
norm

Coefficient(s):
mu arl ar2
0.0050029 0.8804915 0.0487681
alpha2 betal
0.0714233 0.8099714

Std. Errors:
based on Hessian

Error Analysis:
Estimate
mu 0.005003
arl 0.880491
ar2 0.048768
mal -0.956312
omega 0.033050
alphal ©0.092863
alpha2 0.071423
betal 0.809971

Signif. codes: © '"***' 9.001 '**'

wn
+
Q

OO0

Error t va
.002720 1.
.033761 26.
.017464 2.
.027934 -34.
.004608 7.
.016794 5.
.021414 3.
.016262 49,

Log Likelihood:
-5382.088 normalized: -1.3168

Description:

mal

-0.9563119

lue
839
080
792
235
172
530
335
806

Pr(>|t])

omega alphal
0.0330500 0.0928626

0.065861 .

< 2e-16
0.005231
< 2e-16
7.39%e-13
3.21e-08
0.000852
< 2e-16

%k %k
% %

% %k x
%k %k
%k %k x
% %k x
%k %k

0.01 '*' @.05 '.' 0.1 ' "' 1

8



## Wed Apr 28 20:12:46 2021 by user: ASUS

#it

#it

## Standardised Residuals Tests:

## Statistic p-Value

## Jarque-Bera Test R Chi”2 1195.199 © <o.0s

## Shapiro-Wilk Test R W 0.9701498 ©

## Ljung-Box Test R Q(10) 14.64738 ©.1454563

## Ljung-Box Test R Q(15) 19.46584 ©.1933948 }’“"
## Ljung-Box Test R Q(20) 29.29348 0.08213946

## Ljung-Box Test R"2 Q(10) 15.57838 ©.1123545

## Ljung-Box Test RA2 Q(15) 17.55699 ©.2866712 | >%°°
## Ljung-Box Test R*2 Q(20) 18.89051 0.5289531

## LM Arch Test R TR"2 16.21643 0.1815229

#i

## Information Criterion Statistics:

#i AIC BIC SIC HQIC

## 2.637674 2.650037 2.637667 2.642052

Aws 3b

- gnorm - QQ Plot

3
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3¢)
m2 <- garchFit(~arma(2,1)+garch(2,1), rt, "std",

summary(m2)

## Mean and Variance Equation:

## data ~ arma(2, 1) + garch(2, 1)

## <environment: Ox000000001ef9aa30>

## [data = rt]

H#

## Conditional Distribution:

## std

H##

## Coefficient(s):

H## mu arl ar2 mal omega alphal
2

## 0.014320 0.810295 0.027506 -0.885775 0.024294 0.064072
1

H## betal shape
## 0.817398 4.980315
H##

## Std. Errors:
#i# based on Hessian

##

## Error Analysis:

Hit Estimate Std. Error t value Pr(>|t]|)

## mu 0.014320 0.004954 2.891 0.00384 **
## arl 0.810295 0.046448 17.445 < 2e-16 **x*
## ar2 0.027506 0.017408 1.580 0.11409

## mal -0.885775 0.043800 -20.223 < 2e-16 ***
## omega 0.024294 0.005140 4.726 2.29e-06 ***
## alphal 0.064072 0.019848 3.228 0.00125 **
## alpha2 0.114251 0.027763 4.115 3.87e-05 ***
## betal 0.817398 0.018815 43.444 < 2e-16 ***
## shape 4.,980315 0.410321 12.138 < 2e-16 ***
#HH ---

## Signif. codes: © '***' g9.,001 '**' 9.01 '*' ©.05 '.' 0.1 ' ' 1
#i#

## Log Likelihood:

## -5240.369 normalized: -1.282204

#i

## Description:

## Wed Apr 28 20:12:49 2021 by user: ASUS

#i

it

## Standardised Residuals Tests:

H#it Statistic p-Value
## Jarque-Bera Test R Chi~r2 1607.046 ©

## Shapiro-Wilk Test R W 0.9663432 ©

## Ljung-Box Test R Q(1e) 15.74732 0.1070976
## Ljung-Box Test R Q(15) 21.39762 ©0.1245991

F)

alpha

0.11425



## Ljung-Box Test R Q(20) 27.69856 0.1167292
## Ljung-Box Test R"2 Q(10) 19.59868 ©.03328531
## Ljung-Box Test R"2 Q(15) 23.64604 ©.07135342
## Ljung-Box Test R*2 Q(20) 26.16611 ©0.1603958
## LM Arch Test R TR"2 20.62897 0.0560848
#it

## Information Criterion Statistics:

#it AIC BIC SIC HQIC

## 2.568813 2.582721 2.568803 2.573737

m2 <- garchFit(~arma(2,1)+garch(1,1), rt, "std",
summary(m2)

## Mean and Variance Equation:

## data ~ arma(2, 1) + garch(1, 1)

## <environment: Ox0000000022a4c358>

## [data = rt]

#i

## Conditional Distribution:

## std

#it

## Coefficient(s):

H## mu arl ar2 mal omega alphal
1

## 0.014227 0.810015 0.028283 -0.885918 0.016755 ©.140909
7

H## shape

## 5.015345

#it

## Std. Errors:

## based on Hessian

#it

## Error Analysis:

it Estimate Std. Error t value Pr(>|t])

## mu 0.014227 0.004866 2.924 0.00346 **

## arl 0.810015 0.046076 17.580 < 2e-16 ***
## ar2 0.028283 0.017750 1.593 ©.11108

## mal -0.885918 0.043097 -20.556 < 2e-16 ***
## omega 0.016755 0.003588 4.670 3.01le-06 ***
## alphal ©0.140909 0.014562 9.676 < 2e-16 ***
## betal 0.857277 0.012751 67.235 < 2e-16 ***
## shape 5.015345 0.416421 12.044 < 2e-16 ***
A =oo

## Signif. codes: © '***' 9,001 '**' ©9.01 '*' ©0.05 '.' 0.1 ' ' 1
##

## Log Likelihood:

## -5248.092 normalized: -1.284094

#

F)

beta

0.85727



## Description:
## Wed Apr 28 20:35:10 2021 by user: ASUS

H#
#it
## Standardised Residuals Tests:
## Statistic p-Value
## Jarque-Bera Test R Chi”~2 1523.243 0
## Shapiro-Wilk Test R W 0.9674506 ©
## Ljung-Box Test R Q(10) 16.18298 ©0.09451293
## Ljung-Box Test R Q(15) 21.71156 ©.1155933 7”"
## Ljung-Box Test R Q(20) 27.93394 0.1109725
## Ljung-Box Test RA2 Q(10) 14.81597 0.1389166
## Ljung-Box Test R"2  Q(15) 19.22039 0.20392 >0.9
## Ljung-Box Test RA2 Q(20) 22.51641 0.3131583
## LM Arch Test R TR"2  16.17086 ©.183535
#it
## Information Criterion Statistics:
H## AIC BIC SIC HQIC
## 2.572103 2.584465 2.572095 2.576480
Ans 3¢
'I'-disl\n"ow‘im
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Ans 3d

___aton ARNA (2,04 GaRen (1,1) ~ d-didt.

meanError standardDeviation

predict(m2,5)

## meanForecast

## 1 0.09405845 0.8896828

#H# 2 0.08147010 0.9007860

#H# 3 0.08287907 0.9097626

## 4 0.08366431 0.9184822

## 5 0.08434023 0.9270045
[}
¥, (1120.09405845 €yl =
W h 0.8896828
Fan =0 6w = g gogys1)
a 32 9. = *
;:l,:|=e.es366431 a3 = 0.9067232
f(3170.08434623  6p(4) 0.9151017

6w (s) =

0.9233892

0.8896828
0.8982512
0.9067232
0.9151017
0.9233892



m.deciles <- read.csv("C:/Users/ASUS/Downloads/m-deciles.txt", ")
View(m.deciles)

logrt <- log(as.numeric(m.deciles[,10])+1)

4.0) t.test(logrt)

#it

## One Sample t-test

#H

## data: logrt

## t = 5.1808, df = 719, p-value = 2.873e-07
## alternative hypothesis: true mean is not equal to @
## 95 percent confidence interval:

## ©0.005946562 0.013203545

## sample estimates:

##  mean of x

## 0.009575054

acf(logrt)
Series logrt
Q]
© _|
o
©o |
L(l_.).o
< I 4
o
o
o "‘{ ““““““““ T
o [___] L O A UL L L N
| T I T | T
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Lag

pacf(logrt)



Series logrt
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Box.test(logrt, 10, "Ljung')

#it

## Box-Ljung test

#i#

## data: logrt
## X-squared = 24.257, df = 10, p-value = 0.006946

auto.arima(logrt)

## Series: logrt
## ARIMA(0,0,2) with non-zero mean

#it

## Coefficients:

## mal ma2 mean
#it 0.1660 -0.0558 0.0096
## s.e. 0.0373 0.0370 0.0020
##

## sigma”2 estimated as 0.002392: 1log likelihood=1152.66
## AIC=-2297.32 AICc=-2297.26 BIC=-2279

ml <- arima(logrt, c(9,0,2))
ml

##

## Call:

## arima(x = logrt, order = c(9, 9, 2))
##

## Coefficients:

it mal ma2 intercept
## 0.1660 -0.0558 0.0096
## s.e. 0.0373 0.0370 0.0020
##

## sigma”2 estimated as 0.002382: 1log likelihood = 1152.66,

aic

-2297.32



Box.test(ml$residuals, lag=10, type='Ljung')

##

## Box-Ljung test

##

## data: mil$residuals

## X-squared = 4.3881, df = 10, p-value = 0.9281

Ans 4.0) Tl : WH,: M of kg Mmclognl) 0 /expeclu\ vl of Jogrt - 0

N: pmto

The corpuled puale 283603 <00s H, is rejected ab 008 Lol of significancs

Thel is, Mo wilh 452 e

Ljung - Box Tod Ho:€,26,>..%€y20 fn 109"
(T=10) H,: 36,40

There exists serial correlation tn log return vt with
95% Cl, because the Ljung B ox test of rt has p-value
0.0065 < 0.05 rejecting null hypothesis of zero
correlation among logrt at 0.05 Level of significance,
implying serial correlation in logrt. Also, the ACF
indicates correlation value significantly differ from
zevo, showing sigw of serial correlation.

4.b)
acf(ml$residuals”2)

Series m1$residuals”2

ACF
00 02 04 06 08 10

Also fron ACF L PACF shens 2-'09
fivike menos)

Auto. erra --goku:h MA(2) moded for laqr#

A
r* = 0.0096 + 0.4(6 QG 4ar 0.0 $S% a‘_2

dnuhing ka. sevid cochL'on in restdwd : i‘ of ha(2)
liung-&n Tod Ho:e,=¢€,*.. =€, =0 ‘f" a+
(T=10) H,: 3e; 40
The corputed p-volw 2 092 5 0.05. Wy is nob rejected af 005 Lol f’
sig.
Thet is, vookd is adequale : %o sevdl paveladion in ay



pacf(ml$residuals”2)

Series m1%residuals*2

0.05
l

Partial ACF
0.00

w
o |
<
________ I________I________I_______I________I______
0 5 10 15 20 25
Lag
Box.test(ml$residuals”2, 10, "Ljung')
#it
## Box-Ljung test
#it

## data: ml$residuals”2
Am 4b 4y X-squared = 16.677, df = 10, p-value = 0.08183

Box My Mo is o AROH allu in 2 { ebenoBy in ) fon WA

t
o U,: dere is ARCH et
3 wuu p-valu 0.0%4 >008. H., is et tq'u.led ab 05 fud of ﬂ'shi"cnnu.
Thel is, Ree is n ARy C”wl' w/ as 7 ¢cr.
Also, ACF £ PACF of a*' shows velus differ insism'"can“:, fon 2en0 I'ho\'cal“hj no non-lineqr Japuw’u.‘- in E*
or mo ARCH cffat.
4
m2 <- garchFit(~arma(1,0)+garch(1,9), logrt, F)
summary (m2)

## Mean and Variance Equation:

## data ~ arma(l, @) + garch(1l, 9)
## <environment: Ox000000001fc38378>
## [data = logrt]

##

## Conditional Distribution:



## norm

#it
## Coefficient(s):
## mu arl omega

al

phal

## 0.01053 0.14707 0.00200 0.18152

##

## Std. Errors:

## based on Hessian
##

## Error Analysis:

#it Estimate Std. Error

## mu 0.0105300 0.0019

275

## arl 0.1470670 0.0424301

## omega ©.0020000 ©0.0001
## alphal ©.1815182  0.0651
## - --

482
142

## Signif. codes: @ '***' 9,001

##

## Log Likelihood:

## 1158.628 normalized:
##

## Description:

1.60

t value Pr(>|t])
5.463 4.68e-08 ***
3.466 0.000528 ***

13.493 < 2e-16 ***
2.788 0.005309 **

'¥*'' 9.01 '*' ©0.05 '.' 0.1 " "1

9206

## Wed Apr 28 20:46:00 2021 by user: ASUS

#it

##

## Standardised Residuals Tests:

H## Statistic p-Value

## Jarque-Bera Test R Chi”~2 647.6357 © <o.08

## Shapiro-Wilk Test R W 0.962804 1.502752e-12

## Ljung-Box Test R Q(10) 8.582995 ©.572082

## Ljung-Box Test R 0Q(15) 12.95811 ©.6055337 1 >0.03

## Ljung-Box Test R Q(20) 15.77362 ©.7305655

## Ljung-Box Test R"2 Q(10) 8.153476 ©0.6138486

## Ljung-Box Test RA2 Q(15) 12.29206 0.6568012 | >©-95

## Ljung-Box Test R"2 Q(20) 13.57787 ©.851238

## LM Arch Test R TR"2 8.24593 0.7656286

#H 38 b : H,: seriss ic vemdly dish*

## Information Criterion Statistics: H, : sovn iswh ey dist®

#it AIC BIC SIC HQIC p-vehe <o.0s ; Ho iswiected of oos furof sig.
fns 40 H# -3.207301 -3.181861 -3.207363 -3.197480 Thal 5, ke b sy dibled ik 07

Tt Dneer dependent in &4 H,: €:6,:..7¢,*0
HI: Ele;#o

Ljung-Box fol yidd p-vdu > 00s frdl 11 =10,1520

Ho is not rejected of cos lwwel of ﬂ'guikculﬂ
Thet is, no seniol condakion in 3* or
Mecn equci‘im is ap,mpvh‘- wilh 8z CI

Tob linear depemdent in il o vonlineer anmo'm‘ in T,
Wy : thor is mo ARCH effut  or €282 €nc0 & &
H,: dheee ek Aeen effod

Ljung-Box dol yidd  pvelie > 005 fordl Mzt 1520 £ LN Ak Teod p-vole > 0.0
Ho is not rejeuked b oos lowel of sigrificarc
Thel is, no send eomelation in 3: or No ARCH offet

vaviance equation is cppepiak ik w2 C1

Model has ndeqwa‘v- Mecn £ Vasiance equakion bl dishibubion is vt mormol

AdA

Fifled eg > Mean: 7= 0.01083" " 0443 .

€0.0018%) €0.042)

HAA
Vaiaser : 6,0 0.000 4+ 04815

Ant
a4

(9.0001) (0.963)



4.d)

m3 <- garchFit(~arma(1,0)+garch(1,0), logrt,
summary(m3)

## Mean and Variance Equation:

## data ~ arma(l, @) + garch(1l, 9)

## <environment: Ox00000000212a4928>

## [data = logrt]

#it

## Conditional Distribution:

## std

#i

## Coefficient(s):

H## mu arl omega alphal shape
## 0.0116189 0.1076982 0.0019203 0.1900830 6.4225253
##

## Std. Errors:

## based on Hessian

##

## Error Analysis:

Hit Estimate Std. Error t value Pr(>|t])

## mu 0.0116189 0.0017710 6.561 5.35e-11 ***

## arl 0.1076982 0.0403169 2.671 ©0.00756 **

## omega ©0.0019203 0.0001818 10.564 < 2e-16 ***

## alphal 0.1900830 ©.0713692 2.663 0.00774 **

## shape 6.4225253 1.3115905 4.897 9.74e-07 ***
## ---

## Signif. codes: "¥**' 9,001 '**' 9.01 '*' ©0.05 '.' 0.1
#it

## Log Likelihood:

## 1187.516 normalized: 1.649328

#it

## Description:

## Wed Apr 28 20:46:00 2021 by user: ASUS

#it

#it

## Standardised Residuals Tests:

H## Statistic p-Value

## Jarque-Bera Test R Chi~r2 680.4834 ©

## Shapiro-Wilk Test R W 0.9612945 7.49198e-13
## Ljung-Box Test R Q(10) 9.486455 ©0.4866411
## Ljung-Box Test R Q(15) 13.8214 0.5391158}”'“
## Ljung-Box Test R Q(20) 17.0087 0.6524086
## Ljung-Box Test R"2 Q(10) 7.567444 0.671006
## Ljung-Box Test R"2 Q(15) 11.42176 ©.7221637 [ >9:°s
## Ljung-Box Test RM"2 Q(20) 12.79422 0.8860373
## LM Arch Test R TR"2 7.723697 0.8063327
##

##

Information Criterion Statistics:

llStdIIJ

F)



## AIC BIC SIC HQIC

A~—-—hs 4d ## -3.284768 -3.252967 -3.284863 -3.272491
) R W\" in af'- “.1 €:6,:..56,%0 Toob linear J‘?“‘""‘ G2 ;: o von-linees Mh‘ "" i‘
H,: 3640 W : Hhor is ne ARCH effut o €285 €nc0 o
I-i“"."B"" Jm" l,ido\ P“"""’ s 0.08 f.,,,u ™ =1o,15,20 H,: e exish  Agen O#u{
Ho is 'L'l' vq'u.‘col ol cos lwel of ﬂ'gm"n'wu Ljung -Box It gdd v >c0s fadll Mo 20 £ 1N Awk Ted p-vehe > 0.05
Thel is, no gerol cowelation in 3{- o Ho is not rejeuled of oos lovel of significarcs
Mesn equafion is appropiah wikh 437 CI Thel s, o sorid covddekion in 3 & No ARCH offuk

Vavionce egu:ﬁm is opproprich wilh sz 01

Model has adequek Mecn { Voviowce equckion with -dishibubion

. AAA At
Filled e > Mean : ¢, = a.ome2™ '+ o.109e880 1,

(0.001R}) €0.040213) a,~4
. t T6a
Vaviewa : 6'*"= 0.00192*"® 4 040008 ay.,
€ 0.00013) (0.0%14)
m4 <- garchFit(~garch(1,0), logrt, F)
summary (m4)
## Mean and Variance Equation:
## data ~ garch(1, 0)
## <environment: Ox0000000021589ec8>
## [data = logrt]
H#i#
## Conditional Distribution:
## norm
it
## Coefficient(s):
H## mu omega alphal
## 0.012346 0.002016 ©0.194126
#i
## Std. Errors:
## based on Hessian
#i
## Error Analysis:
H# Estimate Std. Error t value Pr(>|t])
## mu 0.012346 0.001923 6.421 1.35e-10 ***

## omega  0.002016 0.000145 13.900 < 2e-16 ***

## alphal 0.194126 0.062209 3.121 0.00181 **

## ---

## Signif. codes: © '***' 9,001 '**' @9.01 '*' ©0.05 '.' 0.1 ' ' 1



##

## Log Likelihood:

## 1152.289 normalized: 1.600401

##

## Description:

## Wed Apr 28 20:46:00 2021 by user: ASUS
##

#it

## Standardised Residuals Tests:

HH# Statistic
## Jarque-Bera Test R Chi~r2 746.8024
## Shapiro-Wilk Test R W 0.9570702
## Ljung-Box Test R Q(1e) 18.72223
## Ljung-Box Test R Q(15) 23.27998
## Ljung-Box Test R Q(20) 27.61004
## Ljung-Box Test R*2 Q(10) 7.012055
## Ljung-Box Test R"2 Q(15) 10.3604
## Ljung-Box Test RA2  Q(20) 11.97825
## LM Arch Test R TR"2 7.047101
#it

## Information Criterion Statistics:

## AIC BIC SIC HQIC
## -3.192468 -3.173388 -3.192503 -3.185102
Ans 4.

——

Yoot linear J«pwdu\" in & : Moz .=

HI 2 36, H o0
Liun"B’ﬁ Jﬁ" "‘JJ P-V‘l“ > o.03 &' O“IB “=1"|s
Ho is ’L" fqul'cd of cos lwel of u'guill'ma

Thet is, no serid condakion in E‘,.

M gﬂl‘ m=20,

Tuck is, seridd conddakion in @ for h220

€.*0

H, is rejocted af .08 Il of

sig.

Peen equc‘/"ﬂl ™ay g!' be appropriek W/ 4z ¢

5 Vavewe oqual'\'on is AJeqchv. sabile mean aqwul'ioh is wot Mv admu:”‘&, and ho'! Norer\t, otlslnéw‘..l

Filled eq—» Mean: ¥,= 0.0123s""
(0.0049)

Variana. : J:

p
0
1
0
0
Q.
0
0
0
0

-Value

£0.08
.171061e-13
.04393591 | <q.05
.07837365
1189566 >o.0s
.7243064
.7964784
.9168225
.8544853

d0.03

I8 fod : H,: somies is mdlﬁ dist*
H, : sore» il povndlly diste
p-vahe <a.0s ; Ho is miceled of 005 Julof sig.
Thel is, soniee wh nmd]y distibibed Lild %c’/;

Tob linear depondent in &f o von-finear dependat in 5,
H, : thor is me ARCH eflud o e:€s..z€nco0 P 3"
H.:“ﬂc exish  ARCH O//u‘

Ljung-Box bt ydd  pve > 008 fuwdl ™ cto 1520 £ 1M Arch Teod p-vahe 3 0.05
He is not veiecked ol oos fowel of significarce
That is, no seriol condlakion in i': or No ARCH sffect

Voviance equation is apprpriak wikh 857 01

A AA
0.00201.** + otauk

(0.000/4))

co.

m5 <- garchFit(~garch(1,0),

summary(m5)

##
##

## GARCH Modelling

Title:

0621)

logrt,

"std", F)



##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
#H#
#H#
##
#H#
#H#
##
#H#
#H#
##
#H#
#H#
H#
##
##
H#
##
##
H#
##
##
H#
##
##
##
##
##
##

Call:
garchFit(formula = ~garch(1, @), data
trace = F)
Mean and Variance Equation:

data ~ garch(1, 0)

= logrt, cond.dist = "std",

<environment: 0x000000001f12ad00>
[data = logrt]
Conditional Distribution:
std
Coefficient(s):
mu omega alphal shape
0.013356 0.001928 0.204163 6.220222
Std. Errors:
based on Hessian
Error Analysis:
Estimate Std. Error t value Pr(>|t])
mu 0.013356 0.001685 7.927 2.22e-15 ***
omega 0.001928 0.000185 10.421 < 2e-16 ***
alphal 0.204163 0.072375 2.821 0.00479 **
shape 6.220223 1.236608 5.030 4.90e-07 ***
Signif. codes: © "***' 9,001 '**' @9.01 '*' 0.05 '.' 0.1
Log Likelihood:
1183.349 normalized: 1.64354
Description:
Wed Apr 28 20:46:00 2021 by user: ASUS
Standardised Residuals Tests:
Statistic p-Value
Jarque-Bera Test R Chi~r2 746.3878 ©
Shapiro-Wilk Test R W 0.9574271 1.363165e-13
Ljung-Box Test R Q(10) 18.51406 ©.04688705 <o0.0s
Ljung-Box Test R Q(15) 22.99926 ©.084155481 ..
Ljung-Box Test R Q(20) 27.3947 0.1245202
Ljung-Box Test RA"2 Q(10) 6.667871 0.7563837 |
Ljung-Box Test RA2 Q(15) 10.0157 ©.8187514 [ >*°
Ljung-Box Test RA2 Q(20) 11.63085 0.928196
LM Arch Test R TR"2 6.819315 0.8693193

Information Criterion Statistics:



## AIC BIC SIC HQIC
## -3.275969 -3.250529 -3.276031 -3.266148

Aw 4. ’
Tt Lneer M*‘J n By - h,: €:6:..7€6,%0 Tosb linear Mﬂ»‘ in &f o vonlinear Japw}uJ in B,
H,: 3640 Ho: o is wo AR effud o €:@e.7@nto Jr B
s dhere exoh Aeen effed
liuna-Box ot yidd  p-vadw > 008 for °,||5 n= 15,20 H, e exis effecs
Ho is not rejeuled ol cos Iwel of significarce Livng-Box dob widd  pvidie > 0o frll Mzt 520 L 1M Arck Teof p-vehe > 0.0
a o 0’ H .k <@
Thel is, no seriol cowedakion in a;. Ho is not rejected o oos lml.f:{,.. can
. ! Teab is, o seriol conddabion in @, or No ARSH offut
Bub for mz10 , Ho is roi-d'cd of .08 Ms.ig. Ve Tt

Thet is, senidd cowdakion in t'l:, por LERT)
Men e'-)‘“*"l"""1 may nt be appropick 1/ 4y
s Vavaner e-qual'\'cn is Adcqual"- ahile meen aquﬂ""oh is mot Mv aala'ua"‘c.

Fifled 3. = Mecn : ¥ < 0.013386™™*

0.0044%8) a.-~ 452:

A4
2 And ¢
Voviane : 63 = €.00103 " 4 0.2041(3 Ay,

(0.900135)  (0.0326)
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are signifvan?



