EE435 Introductory Financial Econometrics/Spring 2020

Assignment 5

DUE DATE: Thursday 29", April 2021.

I pledge to the Honor Code and to obey all rules for taking and performing homework assignments as

specified by the course instructor.

_ Coatchasorn Afcharanyk w (0044 0437

Full nam Student ID.

All data are downloadable from BE moodle
There are four questions.
Questionl.

Consider the daily log returns of Caterpillar stock (CAT) from January 3, 2006 to April 13, 2017.You

may download the data using quantmod. Let r; be the log returns, which can be obtained via
rt <- diff(log(as.numeric(CAT[,6])))

(a) Are there any serial correlations in the log return series r; 7 Why?

Hot A=Pa=f=...7fm=0 Gnce e p-value §smoethan 0.05 Wik 15 e it
He 2P %0 regLom. We tannet rejece the null hypghegie that
Q. j Hhere Is WO sevial conrelation i fhe iqg fefur sevies OF 1y,
ﬁlw‘ e )‘CF pw" ‘(P‘t)tnu nd \Wﬂcll (‘Ol}l‘l(ﬁ'l[m, anl.tl there (f
o |near dependepeg in ft.



i Box.test(rt,lag=10,type='Ljung’)
§ ; :: Box-Ljung test
” "
° ##% data: rt
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Lag
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Box.test(rt"2,1ag=10,type='Ljung')

##

## Box-Ljung test

##

## data: rt"2

## X-squared = 917.21, df = 10, p-value < 2.2e-16

(c) Fit a Gaussian ARMA(1,0)-GARCH(1,1) model to the r; series. Perform model chekeing, in-
cluding showing the normal QQ-plot of the standardized residuals. Is the model adequate? Write down the

fitted model.
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Tne firee model {5

Mean eQuanon; Ty = 4 £306-04(1-1.659¢ -07) + 0.016%3 74,
( 3035e-04) ( 2.004¢€-07)

hon' (& = gwige- 06t 4a32e-02a4 - ¢+ 0,9553¢% )
velatihuy equarton % ‘(’1,zm-o«) (§111¢-0%) 0.g9¢-02)

mi=garchFit(~arma(1,0)+garch(1,1),data=rt,trace=F)

## Warning: Using formula(x) is deprecated when x is a character vector of length > 1.
##  Consider formula(paste(x, collapse = " ")) instead.

summary (m1)

##

## Title:

## GARCH Modelling

##

## Call:

## garchFit(formula = ~arma(l, 0) + garch(i, 1), data = rt, trace = F)
##

## Mean and Variance Equation:

## data ~ arma(l, 0) + garch(1, 1)

## <environment: 0x000000001f901eeB>
## [data = rt]

##

## Conditional Distribution:

## norm

##

## Coefficient(s):

i mu arl omega alphal betal
## 4.8298e-04 1.6866e-02 4.4779e-06 4.9720e-02 9.3866e-01
##

## Std. Errors:
## based on Hessian

i

## Error Analysis:

## Estimate Std. Error t value Pr(>|tl)
## mu 4.830e-04 3.075e-04 1.5671 0.116297

## arl 1.687e-02  2.006e-02 0.841 0.400353

## omega 4.478e-06 1.278e-06 3.503 0.000461 ***

## alphal 4.972e-02 8.191e-03 6.070 1.28e-09 *xx*

## betal 9.387e-01 1.031e-02 91.048 < 2e-16 **x

#H -—

## Signif. codes: O ’*xx’ 0.001 ’*x’ 0.01 ’»’ 0.05 *.” 0.1 * 1
##



## Description:
## Tue Apr 27 12:20:52 2021 by user: Orachai

##
##
## Standardised Residuals Tests:
#it Statistic p-Value
## Jarque-Bera Test R Chi™2 3298.441 0
## Shapiro-Wilk Test R W 0.9663735 0
## Ljung-Box Test R Q(10) 12.37554 0.2607088
## Ljung-Box Test R Q(15) 14.79514 0.4662719
## Ljung-Box Test R Q(20) 19.20107 0.5087928
## Ljung-Box Test R72 Q(10) 0.980939 0.9998424
## Ljung-Box Test R"2 Q(15) 3.682825 0.9986048
## Ljung-Box Test R"2 Q(20) 6.9285 0.996913
## LM Arch Test R TR™2 2.723165 0.9972029
##
## Information Criterion Statistics:
## AIC BIC SIC HQIC
## -5.196308 -5.185823 -5.196314 -5.192526
#plot(mi)
#13
#0

gnorm - QQ Plot
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Sample Quantiles

-10

Theoretical Quantiles

(d) Build a GARCH(1,1) model with standardized Student-t innovations for the r, series. Perform

model checking, including the QQ-plot. Is the model adequate? Why?
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m2=garchFit(~garch(1,1) ,data=rt,cond dist="std",trace=F)

## Warning: Using formula(x) is deprecated when x is a character vector of length > 1.
## Consider formula(paste(x, collapse = " ")) instead.

summary (m2)

Title:
GARCH Modelling

Call:
garchFit(formula = -garch(i, 1), data = rt, cond.dist = "std",
trace = F)

Mean and Variance Equation:

data - garch(1, 1)
<environment: 0x000000001f2e5440>
[data = rt]

Conditional Distribution:
std

Coefficient(s):
mu omega alphal betal shape
5.9780e-04 4.2035e-06 7.2376e-02 9.2033e-01 5.0958e+00

Std. Errors:
based on Hessian

Error Analysis:
Estimate Std. Error t value Pr(>|tl)
mu 5.978e-04 2.702e-04 2.212 0.02685 =

FEEETREEHSIFESTORIFRISRIEISIYERRGYES

## omega 4.203e-06 1.571e-06 2.675 0,00747 =+

## alphal 7.238e-02 1.374e-02 5.267 1.39e-07 =++

## betal 9.203e-01 1.472e-02 62.503 < 2e-16 =#*

## shape 5.096e+00 4.825e-01 10.561 < 2e-16 =++

n ---

## Signif. codes: 0 ’'**%’ 0.001 ’+x' 0.01 '+’ 0.056 *.7 0.1 ' ' 1

#h

## Log Likelihood:

## 7507.106 normalized: 2.64521

4 gstd - QQ Plot
## Description:

## Tue Apr 27 12:20:53 2021 by user: Orachai S

## ®

s g

## Standardised Residuals Tests: § o -

# Statistic p-Value 3

## Jarque-Bera Test R Chi~™2 4056.502 0 o

#% Shapiro-Wilk Test R W 0.9639091 0 g e | 9

## Ljung-Box Test R Q(10) 14.77968 0.140303 &

## Ljung-Box Test R Q(16) 16.74279 0.3344718 7= -

## Ljung-Box Test R Q(20) 20.39783 0.433304 ol : . | :
## Ljung-Box Test R™2 Q(10) 2.953085 0.9825066

## Ljung-Box Test R™2 Q(16) 5.482428 0.9871938 6 -4 2 0 2
## Ljung-Box Test R™2 Q(20) 9.458146 0.9769677 < 3
#4 LM Arch Test R TR"2 4.273688 0.977976 Theorefical Quantiles



(e) Write down the fitted model.
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(f) Obtain 1-step to 5-step ahead mean and volatility forecasts using the fitted GARCH(1,1) model

with standardized Student-t innovations.

## meanForecast meanError standardDeviation

## 1 0.0005977987 0.01515760 0.01515760
## 2 0.0005977987 0.01524072 0.01524072
## 3 0.0005977987 0.01532280 0.01532280
## 4 0.0005977987 0.01540384 0.01540384
## 5 0.0005977987 0.01548387 0.01548387

(g) Compute the 95 % 1-step to 5-step interval predictions of the log return series using standardized

student-t innovations.

upper Lower
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Question2.

Consider the monthly returns of Coke (KO) stock from January 1951 to December 2016. The data

are available from CRSP and in the file m-kovw-5116.txt. Obtain the log return series of KO stock.

(a) Is the expected value of KO log return zero? Why? Is there any serial correlation in the log

returns? Why? Is there any ARCH effect in the log returns? Why?
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rt2=log(da$ko+1)
t.test(rt2)

4

## One Sample t-test

##

## data: 1t2

## t = 4,9853, df = 779, p-value = 7.628e-07

Box.test(rt2,! 10,¢t 'Ljung')
##

## Box-Ljung test

i

## data: rt2
## X-squared = 5.9201, df = 10, p-value = 0.8219

Box.test(rt2°2,127-10,1t 'Ljung')

#4

## Box-Ljung test

##

## data: rt272

## X-squared = 228.23, df = 10, p-value < 2.2e-16

(b) Build a AR{1)-GARCH(1,1} model with Gaussian innovations for the log return series. Perform

model checking and write down the fitted model
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m3=garchFit(~arma(1,0)+garch(1,1), rt2, F)

## Warning: Using formula(x) is deprecated whem x is a character vector of length > 1.
##% Consider formula(paste(x, collapse = " ")) instead.

summary (m3)

H

#% Title:

## GARCH Modelling

s

#4 Call:

## garchFit(formula = -arma(l, 0) + garch(1l, 1), data = rt2, trace = F)
L



## Mean and Variance Equation:

## data - arma(l, 0) + garch(l, 1)
## <environment: 0x000000001c91£428>
#% [data = rt2]

##
## Conditiomal Distribution:
## norm
Coefficient(s):
mu arl omega alphal betal

0.01124544 ~-0.02633742 0.00018112 0.09535029 0.84861593

Std. Errors:
Error Analysis:

Estimate Std. Error t value Pr(>|tl)
mu 1.125e-02 1.897e-03 5.929 3.06e-09 **#*
aril ~2.6340-02 3.881e-02 -0.679 0.49740
omega 1.811e-04 5.852e-05 3.095 0.00197 *x
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: 0 ’'#»=»’ 0.001 ’'#»x’ 0.01 '’ 0.06 '.’ 0.1’ * 1

Log Likelihood:
1170.664 normalized: 1.500852

EEEEETEEEERERRIGRER R

Description:
Tue Apr 27 12:20:53 2021 by user: Orachai

Standardised Residuals Tests:

Statistic p-Value
Chi®2 92.91946
W 0.9857081

=3

Jarque-Bera Test R

Shapiro-Wilk Test R

Ljung-Box Test R Q(10) 9.306169

Ljung-Box Test R Q(15) 22.9901 .0843502

Ljung-Box Test R Q(20) 27.44814 0.1231201
R
R
R
R

6.655604e-07
0
0
0
Ljung-Box Test Q(10) 12.63377 0.2448749
0
0
0

.5033144

Ljung-Box Test - 5544545
Ljung-Box Test . 7649584
LM Arch Test .5590389

2

2 Q(15) 13.62088

2 Q(20) 15.19817
TR"2  10.65102

Information Criterion Statistics:
AIC BIC SIC HQIC
-2.988883 -2.959016 -2.988965 -2.977396

b I S 3 I 3 3 - 5 3R 8- 3 4

(c) Fit a AR(1)-GARCH(1,1) model with standardized Student-t innovations to the log return se-

ries. Perform model checking and write down the fitted model.
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mé4=garchFit(~arma(1,0)+garch(1,1),datasrt2, cond dist="std", trace«F)

## Warning: Using formula(x) is deprecated when x is a character vector of length > 1
## Consider formula(paste(x, collapse = " ")) instead.

summary (md )

##

## Title:

## GARCH Modelling

#3#

## Call:

## garchFit(formula = ~arma(l, 0) + garch(i, 1), data = rt2, cond.dist = "std",
## trace = F)

##

## Mean and Variance Equation:

## data ~ arma(1, 0) + garch(1i, 1)
## <environment: 0x000000002023df68>
## [data = rt2]

##

## Conditional Distribution:

## std

#e

## Coefficient(s):

#a mu arl omega alphal betal shape

#8 0.01124020 -0.01887601 0.00017395 0.09642927 0.85044151 7.47877780
#a

## Std. Errors:

## Dbased on Hessian

#i

## 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 1.73%9e-04 6.596e-05 2.637 0.00836 #**
## alphal 95.643e-02 2.338e-02 4.124 3.72e-05 #+%
## betal 8.504e-01 3.267e-02 26.028 < 2e-16 **x
## shape 7.47%e+00 1.840e+00 4.066 4.79e-05 #**
#H -

## Signif. codes: O ’*»*’ 0.001 ’*»’ 0.01 ’«’ 0.06 .7 0.1 ' " 1
##

## Log Likelihood:

##  1184.863 normalized: 1.510055

#a

## Description:

## Tue Apr 27 12:20:53 2021 by user: Orachai

#

ne

## Standardised Residuals Tests:

#a 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
## Ljung-Box Test R™2 Q(20) 14.90709 0.7816987
## LM Arch Test R TR™2 10.48089 0.5738501
#4

## Information Criterion Statistics:

## AIC BIC SIC HQIC

## -3.022725 -2.986885 -3.022843 -3.008941



(d) Build a GARCH(1,1) model with Gaussian innovations for the log return series. Perform model

checking and write down the fitted model.

s model thtcumg: Lyung box Fest > e p-valug i§ Imare 4pan 0.0%5 §G 1hexc Is N0 lineqr dependence in

bethinc mean equativn ands a'. Sc fNe modd 1y adequate.

s mtantquahion: fe< 1.01re-02

(1-046e-03)

wvalanlitycquafion: g2 =~ y.g50¢-d4 + 9.4i0e-02 a‘y. + g.43te-0165,

(5.319¢-0%) 0)-91%6-02) 2.9¢%6-02)

mb=garchFit (~garch(1,1),datarrt2,traceF)

#H
£

Warning: Using formula(x) is deprecated when x is a character vector of length > 1.
Consider formula(paste(x, collapse = " ")) instead.

summary (m5)

nit
#it
#3*
##
#3
#%
Ha
#n
##
##
#s
e
#a
47
##
#4
#3
44
Ha
#%
##
#%
##
wn
##
#%
#%
#a
#%
44
un
##
#%
##
e
#a
##
##
##
ua
##
s
#n
#%
##
#
Lad
#n
##

Title:
GARCH Modelling

Call:
garchFit(formula = -garch(1, 1), data = rt2, trace = F)

Mean and Variance Equation:

data - garch(i, 1)

<environment: 0x000000001cbbba08>
[data = rt2]

Conditional Distribution:
norm

Coefficient(s):
mu omega alphal betal
0.01098417 0.00018497 0.08479925 0.84780406

Std. Errors:
based on Hessian

Error Analysis:

Estimate Std. Error t value Pr(>|t|)
mu 1.098e-02 1.846e-03 5.950 2.68e-09 #x*
omega 1.850e-04 5.89%e-05 3.135 0.00172 ==
alphal 9.480e-02 1.912¢-02 4,958 T.11e-07 #x+
betal B.478e-01 2.787e-02 30.416 < 2e-16 *==

Signif. codes: 0O ’+++’ 0.001 ’#x* 0.01 '+’ 0.05 ”,7 0.1 ?> * 1

Log Likelihood:
1170.393 normalized: 1.500504

Description:
Tue Apr 27 12:20:53 2021 by user: Orachai

Standardised Residuals Tests:

Statistic p-Value
Chi"2 95.07163 ©
W 0.9856773 6.481596e-07
Ljung-Box Test Q(10) 8.125181 0.6166108
Ljung-Box Test Q(15) 21.27199 0.128362

Jarque-Bera Test R
R
R
R
Ljung-Box Test R Q(20) 25.62765 0.1784646
R~
R~
R
R

Shapiro-Wilk Test

Ljung-Box Test 2 Q(10) 12.90586 0.228983
Ljung-Box Test 2 Q(15) 13.87463 0.5350581
Ljung-Box Test 2 Q(20) 15.35522 0.755734
LM Arch Test TR"2 10.86004 0.532346



## Information Criterion Statistics:
## AIC BIC SIC HQIC
## -2.990752 -2.966858 -2.990804 -2.981562

(e} Fit a GARCH{1,1) model with standardized Student-t innovations to the log return series. Per-

form model checking and write down the fitted model

sodel muums-, uny poxtes - e p-Valug iy More an 0.05 5o 1hexc Is N0 inear dependence in
bethinc mean equafion and, a%. o the mode (v adequate.

« meantquahon: e =< 1j05e-0%
o (ll.vsnoD

wolanlitycquofion: g = 13530-04 + 9.(33e08"% + £.5078-076%,
(£423¢-0%) [23me-00)  0G.29%e-02)

m6=garchFit(-garch(1,1),data=rt2,cond dist="std",tracesF)

## Warning: Using formula(x) is deprecated when x is a character vector of length > 1.
## Consider formula(paste(x, cellapse = " ")) instead.

sunmary (m6)

##

## Title:

## GARCH Modelling

##

## Call:

## garchFit(formula = ~garch(1, 1), data = rt2, cond.dist = "std",
" trace = F)

##

## Mean and Variance Equation:

## data - garch(1, 1)

## <environment: 0x000000001fad00e8>
## [data = rt2]

#h

## Conditional Distribution:

##% std

##

## Coefficient(s):

## mu omega alphal betal shape
## 0.01105016 0.00017628 0.09632874 0.85006800 7.48604505
2

## Std. Errors:
## based on Heasian

#e

## Error Analysis:

## Estimate Std. Error t value Pr(>|tl)

## 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 #**
Ll

## Signif. codes: O ’»++’ 0.001 ’#+' 0.01 '+’ 0,05 *.* 0.1 * * 1
##

## Log Likelihood:

## 1184.68 normalized: 1.518821

##

## Description:

## Tue Apr 27 12:20:54 2021 by user: Orachai

##

##

## Standardised Residuals Tests:

" Statistic p-Value
## Jarque-Bera Test R Chi~2 95.31715 0

## Shapiro-Wilk Test R W 0.9857263 6.761141e-07
## Ljung-Box Test R Q(10) 8.228765 0.6065024
## Ljung-Box Test R Q(15) 21.34759 0.1260864
## Ljung-Box Test R Q(20) 25.67699 0.1767469
## Ljung-Box Test R™2 Q(10) 12.61146 0.2462139
## Ljung-Box Test R™2 Q(15) 13.4693 0.5660982



## Ljung-Box Test R2 Q(20) 14.93694 0.7800047

## LM Arch Test R TR™2 10.62989 0.560875
#t

## Information Criterion Statistics:

## AIC BIC SIC HQIC

## -3.024822 -2.9949564 -3.024903 -3.013334

(f) Compare the model (b)-(e) which model you select.

Temodel o € whitylp CAREHI|1) with sadent t wnnovahons fo e log reram series
|(1ne best model wirh the (owest Age value.

Question3.

Consider the daily returns of the stock S&PS500 from Jannary 2, 2005 to March 31, 2021. Let r, be

the percentage log returns.
(a) Is the expected value of 7, zero? Why? Are there any serial correlations in 7 Why?

(b) Fit a Gaussian ARMA-GARCH model to the r, series. Obtain the normal QQ- plot of the

standardized residuals. and write down the fitted model. Is the model adequate? Why?
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## [1] "~GSPC"

rt3 = diff(log(as.numeric(GSPCL,6])))
rt3p = rt3+100

t.test (rt3p)

#a
## One Sample t-test
##

## data: rt3p

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

## alternative hypothesis: true mean is not equal to 0
## 95 percent confidence interval:

## -0.009051939 0.067374643

## sample estimates:

## mean of x

## 0.029161365



ACF

Partial ACF

Box.test(rt3p, 1ag=10,tvpe='Ljung')

##
#H
e

Box-Ljung test

## data: rt3p
## X-squared = 131.85, df = 10, p-value < 2.2e-16

acf (rt3p)

Series rt3p

1.0

00 02 04 06 08

pact (rt3p)

-0.15 -0.10 -0.05 0.00 0.05

Series rt3p
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equation-

m7=arima(rt3p, =¢(0,1,0))
acf (m7$residuals”2)
Series m7$residuals?2

ACF
! 1 1 1

|
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Box.test(m7$residuals~2,1sz=10,ty 0!

8

## Box-Ljung test

a#

## data: n78residuals™2

## X-squared = 5312, df = 10, p-value < 2.2e-16

md=garchFit(~arma(0,1)+garch(1,1) ,data=rt3p, trace=F)

## Warning: Using formula(x) is deprecated when x is a character vector of length > 1.
## Consider formula(paste(x, collapse = " ")) instead.

summary (m9)

“#

## Title:

## GARCH Modelling

##

## Call:

## garchFit(formula = ~arma(0, 1) + garch(l, 1), data = rt3p, trace = F)
i

## Mean and Variance Equation:

## data - arma(0, 1) + garch(1, 1)

## <environment: 0x000000001d9cfaf0>

## [data = rt3p]

##

## Conditional Distribution:

#%# norm

#a

## Coefficient(s):

## mu mal omega alphal betal
## 0.068986 -0.077682 0.027170 0.141814 0.837406
#it

## Std. Errors:

## baszed on Hessian

##

## Error Analysis:

# Estimate Std. Error t value Pr(>[t])

#4# mu 0.068986 0.010800 6.387 1.69e-10 #*»»

## mal -0.077582 0.017503  -4.433 9.31e-06 *#*
## omega  0.027170 0.003504 7.754 B.BBe-15 *##
## alphal 0.141814 0.012017 11.801 < 2e-16 *##*
#% betal 0.837406 0.011956 70.039 < 2e-16 *=*=
c o
## Signif. codes: 0 '+’ 0.001 '*%’ 0.01 ’%’ 0.05 '.” 0.1’ ’ 1
8
## Log Likelihood:
#%  -5392.874 normalized: -1.319519
##
## Description:
## Tue Apr 27 12:20:55 2021 by user: Orachai
#4
Wi
## Standardised Residuals Tests:
#e Statistic p-Value
## Jarque-Bera Test R Chi"2 1134.026
## GShapiro-Wilk Test R W 0.9717603
## Ljung-Box Test R Q(10) 17.7885 .05863789
R
R

®

0
0
0
## Ljung-Box Test Q(15) 26.08443 0.03714455
## Ljung-Box Test Q(20) 31.72122 0.04636094
0
0
0
1]

## Ljung-Box Test R°2 Q(10) 16.02024 0.09905437
## Ljung-Box Test R"2 Q(15) 18.27301 . 2485849
## Ljung-Box Test R™2 Q(20) 19.66181 0.4792555
## LM Arch Test R TR™2 16.80097 0.1572388
##

## Information Criterion Statistics:

s AIC BIC SIC HQIC

#% 2.641485 2.649211 2.641482 2.644220

#plot(m9)
#13



gnorm - QQ Plot

0

Sample Quantiles
-2

-6 4

Theoretical Quantiles

(¢} Build an ARMA-GARCH model with Student-t innovations for the log return series. Perform

model checking and write down the fitted model.

(d) Obtain 1-step to S-step shead mean and volatility forecasts using the fitted ARMA-GARCH

model with Student-t innovations,

box18F A5 N6 reyecedt ot 0-05 devel o f Signefuance,

O) s model Chetwng hnng Gurg \
) (\'}ltY\lﬁ. thee ﬂat no lm“?'a%cf)endeme, in themeananck Volahi by equahon. Hewe,

Hnemodcl 1i qoequttte.
. Futtd mydel:
fo> 0.065537 - 0.0¥330
¢ 0004333 twmﬂz .
2 = 0. I\125 1044003+ 0.351687 ¢
6 %2 puder) co.anmn' ! (0~onm)-h

m10=garchFit(~arma(0,1)+garch(1,1), rt3p, 'std", trace=F)

## Warning: Using formula(x) is deprecated when x is a character vector of length > 1.
## Consider formula(paste(x, collapse = " ")) instead.



summary(m10)

Title:
GARCH Modelling

Call:
garchFit(formula = ~arma(0, 1) 4 garch(1, 1), data = rt3p, cond.dist = "std",
trace = F)

Mean and Variance Equation:

data - arma(0, 1) + garch(1, 1)
<environment: 0x000000001f400548>
[data = rt3p]

Conditional Distribution:
std

Coefficient(s):
mu mal omega alphal betal shape
0.086537 -0.073712 0.016925 0.141240 .B56667  5.075507

o

Std. Errors:
based on Hessian

Error Analysis:
Estimate Std. Error t value Pr(>|tl)

FEBILIRRIBIERIRAIRBRBRRPYE RGBS

## mu 0.085537 0.009733 8.789 < 2e-16 #»»

## mal -0.073712 0.016039 -4.596 4.31e-06 *+*

## omega 0.016925 0.003621 4.673 2.96e-06 ##x

## alphal 0.141240 0.014598 9.675 < 2e-16 *==+

## betal 0.856667 0.012848 66.675 < 2e-16 *+*

## shape 5.075507 0.427751 11.866 < 2¢-16 ##»

#E =~

## Signif. codes: O ’#++’ 0.001 ’++’' 0.01 '+’ 0.05 '.” 0.1 ' ' 1
#e

## Log Likelihood:

F*
el

-5257.344 normalized: -1.286358

Description:
Tue Apr 27 12:20:56 2021 by user: Orachai

Standardised Residuals Tests:
Statistic p-Value

Jarque-Bera Test Chi®2 1431.666 0

f

R
Shapiro-Wilk Test R W 0.969611 0
Ljung-Box Test R Q(10) 17.95781 0.05567943
Ljung-Box Test R Q(15) 26.2946 0.0350378
Ljung-Box Test R Q(20) 31.68531 0.04676904
Ljung-Box Test R*2 Q(10) 13.12031 0.217023
Ljung-Box Test R"2 Q(15) 17.77068 0.2749137
Ljung-Box Test R™2 Q(20) 20.51701 0.4260342
## LM Arch Test R TR"2 14.78812 0.2532284
Ead
## Information Criterion Statistics:
## AIC BIC SIC HQIC

## 2.575652 2.584923 2.575647 2.578935

d predict(m10,5)

## meanForecast meanError standardDeviation

## 1 0.11545471 0.9040206 0.9040206
## 2 0.08553707 0.9148267 0.9123965
## 3  0.08553707 0.9231321 0.9206790
## 4 0.08553707 0.9313464 0.9288705

## 65  0.08553707 0.9394718 0.9369735



Question 4.

Consider the monthly returns log returns of the CRSP decile 9 portfolio from Jannary 1951 to

December 2010, The simple returns are in the file m-deciles.txt under the name CAPIRET.

(a) Is the expected value of the CRSP decile 9 portfolio log return zero? Why? Is there any se-

rial correlation in the log returns? Why? If necessary, find an ARMA model to remove the serial correlations,

- g F-tear g value 15 smalley that 005 |evel v ngntkuanee, Jo we an

- Tne expettl \dlueo

Ho: E(rt) =0
Ha: eCrkl 20

Fthe CRSPdeuleq past logretum 0.

4
da2-read.table("s-deciles.txt", o)
mrt=log(da2$CAPSRET+1)
acf (mrt)
Series mrt
o
52
L
o
b 2
o
w
e = |
(e
N
(=]
(= T I O o S N i
o | | RS P k| | ) B .
I 1 T T T T
0 5 10 15 20 25
t.test(mrt) Lag
#e

## One Sample t-test
## data: mrt

## t = 5.1808, df = 719, p-

## alternative hypothesis:

value = 2.873e-07
true mean is not equal to 0

## 95 percent confidence interval:
## 0.0059465662 0.013203545

## sample estimates:
## mean of x
## 0.009575054

v Uling Lyung baxtelk the p

STINere [sVreral IERTON (v Fhe L6g rtfuml.

Hot A Fp= " Im =0
Ha  3pi #p.

reject Ho.

~value rylenthan ¢.05. 1 0We anrget the Ho,



Box.test (mrt, 10, 'Lijung')

##

## Box-Ljung test

#

## data: mrt

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

(b) Is there any ARCH effect in the log returns? Why?
Hg:rtts NG ARH eftevt

Ha: thees ARH efted.
Using e Lgung box Jest, We can nes 1 ect Ho At 805" Jeuel of pgmBiaLn (¢ . Hence, Tere

is AN ARCH extecy.

at=mrt-mean(mrt)
Box.test(mrt"2, 10,1 'Ljung")

##

## Box-Ljung test

L

## data: mre"2

## X-squared = 19.824, df = 10, p-value = 0.03096

(¢) Build a AR(1}-ARCH(1) model with Gaussian innovations for the log return series. Perform

model checking and write down the fitted model

Mok rg) echedl 00-G5 kvelo F 5§ Ml
atel ntuany - g Gung Gox fef oV

tt(vue, (g\\gm are Mo lmf?avdcy})&ndemc in themeananck Volah by equahon. Hewe,
Hntmodcl i qdequttte.

furted mydel:
f = 0.0107300 1 0T O6TOC 4
(0.001123%)

= 0. qu0 t O-listaa’y
(Goo14re)  (0.05114D

mil = garchFit(-arma(1,0)+garch(1,0), mrt, F)

##% Warning: Using formula(x) is deprecated when x is a character vector of lemgth > 1.
##% Consider formula(paste(x, collapse = " ")) instead.

summary(mi1)

L3

## Title:

##% GARCH Modelling

##¥

## Call:

#* garchFit(formula = ~arma(l, 0) + garch(l, 0), data = mrt, trace = F)
w4

## Mean and Variance Equation:

## data - arma(l, 0) + garch(1l, 0)
## <enviromment: 0x00000000203ccOa8>
##* [data = mrt]

B

## Conditional Distribution:

## norm

#e

##* Coefficient(s):

e =y arl omega  alphal



## 0.01053 0.14707 0.00200 0.18152
##

## Std. Errors:

## Dbased on Hessian

i
## Error Analysis:
## Estimate Std. Error t value Pr(>|t|)

#% mu 0.0106300  0.0019275 5.463 4.68e-08 *xx*

## arl 0.1470670  0.0424301 3.466 0.000528 *=**

## omega 0.0020000 0.0001482 13.493 < 2e-16 ***

## alphal 0.1815182 0.0651142 2.788 0.005309 *»

o =

## Signif. codes: O ’#***’ 0.001 ’*=’ 0.01 '’ 0.05 .’ 0.1 " 7 1
#H

## Log Likelihood:

## 1158.628 normalized: 1.609206

Description:

Tue Apr 27 12:20:56 2021 by user: Orachai

Standardised Residuals Tests:
Statistic p-Value

Jarque-Bera Test R Chi®“2 647.6357 0
Shapiro-Wilk Test R W 0.962804 1.502752e-12
Ljung-Box Test R Q(10) 8.582995 0.572082
Ljung-Box Test R Q(15) 12.95811 0.6055337
Ljung-Box Test R Q(20) 15.77362 0.7305655
Ljung-Box Test R"2 Q(10) 8.153476 0.6138486
Ljung-Box Test R"2 Q(15) 12.29206 0.6568012
Ljung-Box Test R"2 Q(20) 13.57787 0.851238

LM Arch Test R TR"2 8.24593 0.7656286

Information Criterion Statistics:
AIC BIC SIC HQIC
## -3.207301 -3.181861 ~3.207363 -3.197480

FREIREIEIREEREIEERERE:



(d] Fit & AR{1)-ARCH(1) model with Standardized Student-t innovations to the log return serles.

Perform model checking and write down the fitted model

Moel cnecny - Unvg Yunt
penie, Hee are no \mfcjavdcpen

Hnemodcl b gdequale.
furted mydel:
fe= 0.0N4106 + ogoﬂmf A

(0.9013%10)

= 00019203+ 0

(0-000181%) (0.0313(72)

mi12 = garchFit(-arma(1,0)+garch(1,0),

0-04031\1)

boktesk Ho jinat reyected € 005" Jewel ¢F ngnincanie.
clence 1 themeananl volah by equahon. Heae,

19006300%

mre,

"grd*,traceF)

## Warning: Using formula(x) is deprecated when x is a character vector of lemgth > 1.
## Consider formula(paste(x, collapse = " ")) instead.

summary(mn12)

## Title:

## CARCH Modelling

## Call:

## garchFit(formula = -arma(i, 0) + garch(1, 0),
u trace = F)

## Mean and Variance Equation:
## data - arma(l, 0) + garch(1, 0)

## <environment: 0x0000000021747ef8>
#% [data = mrt]

## Conditional Distribution:

#%  std

#% Coefficient(s):

4 mu

arl omega

alphal

data = mrt, cond.dist = “"std",

shape

## 0.0116189 0.1076982 0.0019203 0.1900830 6.4225253

## Std. Errors:
#% based on Heesian

#% Error Analysis:
44 Estimate Std. Error
#% mu 0.0116189  0.0017710
## arl 0.1076982 0.0403169
## omega 0.0015203 0.0001818
##% alphal 0.1900830 0.0713692
## shape 6.4225253 1.3115805

Q 's*x? 0,001

normalized: 1.64

e ---

## Signif. codes:
i

## Log Likelihood:
#% 1187.516

Ea

## Description:

#% Tue Apr 27 12:20:57 2021 by user: Orachai

#%# Standardised Residuals Tests:

#% Jarque-Bera Test
#% Shapiro-Wilk Test

#% Ljung-Box
#% Ljung-Box
## Ljung-Box
## Ljung-Box
#% Ljung-Box
## Ljung-Box

Test
Test
Test
Test
Test
Test

#% LM Arch Test

R Chi®2
R w

R Q(10)
R Q{15)
R Qc20)
R"2 QQ10)
R"2 Q18
R"2 Q(20)
R TR™2

t value Pr(>|tl|)
6.561 5.35e-11 #»»
2.671 0.00756 *=

10.564 < 2e-16 #»*
2.663 0.00774 ==
4.897 9.74e-07 #»*

*xs* 0.01 '+ 0,06 °.” 0.1 * ?

9328

Statistic p-Value

680.4834
0.9612945
9.486455
13.8214
17.0087
7.567444
11.42176
12.79422
7.723697

0

7.49198e-13
0.4866411
0.5391158
0.6524086
0.
0
]
]

671006

. 7221637
.8860373
.B063327



##

## Information Criterion Statistics:

## AIC BIC SIC HQIC
## -3.284768 -3.252967 -3.284863 -3,272491

(e) Build a ARCH(1) model with Gaussian innovations for the log return series. Perform model

checking and write down the fitted model

' ted, at 0.95 level of synifi canee-
aitel checund = Wnnd Yune Gox fesf Ho is notrgec
[&cme, cr\p\g»e are no \mpavudcvgéndeme /b themeanancl volah ihy equation. Hewee,
tntmodcl o qdequute.

futted mydel: ‘
P O[bflql‘;t’%;fs) 2
2
= 0.00201+ 017412405
Ces 0 oy cpoi2a0r)’
m13 = garchFit(-garch(1,0),dara=mrt,: F)

## Warning: Using formula(x) is deprecated when x is a character vector of length > 1,
## Consider formula(paste(x, collapse = " *)) instead.

sunmary (n13)

## Title:
##% GARCH Modelling

## Call:
## garchFit(formula = -garch(l, 0), data = mrt, trace = F)

##% Mean and Variance Equation:

##% data - garch(1, 0)

##% <envircnment: 0x000000001fa421c8>
##  [data = mrt]

o

## Conditional Distribution:

##% norm

i

## Coefficient(s):

nH my omega alphal
#% 0.012346 0,002016 0.194126
"

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

L

## Error Analysis:

"% Estimate Std. Error t value Pr(>|tl)

## mu 0.012346 0.001923 6.421 1.35e-10 *x=

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

##% alphal 0.194126 0.062209 3.121 0.00181 »«

#H -

## Signif. codes: O ‘e#x' 0,001 ‘s+* 0,01 ‘%’ 0.05 *.* 0.1 ' * 1

## Log Likelihood:
% 1152.289 normalized: 1.600401

##% Description:
#% Tue Apr 27 12:20:57 2021 by user: Orachai

H

L

## Standardised Residuals Tests:

£ Statistic p-Value

#% Jarque-Bera Test R Chi®2 746.8024 O

## Shapiro-Wilk Test R W 0.9570702 1.171061e~13
#% Ljung-Box Test R 0(10) 18.72223 0.04393551
## Ljung-Box Test R Q(15) 23.27998 0.07837366
#% Ljung-Box Test R Q(20) 27.61004 0.1189586
#% Ljung-Box Test R™2 Q(10) 7.012055 0.7243064
## Ljung-Box Test R™2 Q(15) 10.3604 0.7964784
#% Ljung-Box Test R™2 Q{20) 11.97826 0.9168226
#% LM Arch Test R TR™2 7.047101 0.8544853



## Information Criterion Statistics:
# AIC BIC §IC HQIC

## -3.102468 -3.173388 -3.192503 -3.185102

(f) Fit a ARCH(1) model with Standardized Student-t innovations to the log return series. Perform

model checking and write down the fitted model.

aane.

- fox fesf Ho is notrgected at 0.5 lewel of signrfi

mi‘ %‘E‘é‘ﬂm‘\m vdc nelence 1n themean andl volahi ik equahon. Hewee,

Ht mudt\ I qoequute.

futtd myiel: &)

Fes 'cg.';,nm

= 0.00128+40 'Latmz 0%y
(0-000155) (0092535)

mi4 = garchFit(~-garch(1,0),data=mrt,cond dist«"std" tracesF)

## Warning: Using formula(x) is deprecated when x is a character vector of length > 1.
## Consider formula(paste(x, collapse = " ")) instead.

summary (mi4)

##

## Title:

## GARCH Modelling

"

## Call:

## garchFit(formula = -garch(l, 0), data = mrt, cond.dist = "std",
R trace = F)

L2

## Mean and Variance Equation:

## data - garch{1, D)

## <emvironment: 0x00000000205718d0>
## [data = mrt]

"

## Conditional Distribution:

a# std

e

##% Coefficient(s):

¥ mu omega alphal shape
## 0.013366 0.001928 0.204163 6.220222
i

## Std. Errors:
## based on Hessian

ne

##% Error Analysis:

#H Estimate Std. Error t value Pr(>itl)

#¥ mu 0.013356 0.001685 7.927 2.22e-15 +=»

## omega  0.001928 0.000188 10.421 < 2e-16 *=x*
##% alphal 0.204163 0.072375 2.821 0.00479 =
##% shape 6,220223 1.236608 5.030 4.90e-07 +=+
i Briocns

## Signif. codes: O ’*w=x+’ 0,001 '=e’ 0.01 '+’ 0.056 *.7 0.1 7 7 1
e

## Log Likelihood:

#® 1183.349 normalized: 1.64354

ne

## Description:

## Tue Apr 27 12:20:57 2021 by user: Orachai

L

&%

## Standardised Residuals Tests:

L Statistic p-Value

## Jarque-Bera Test R Chi®2 746.3878 0

## Shapiro-Wilk Test R W 0.9574271 1.3631656~13

## Ljung-Box Test R Q(10) 18B.51406 0.04688705



(g) Compare the model (¢)-(f) which model you select.

e madel1n d) w) model Avm- Ak () and sudent t Jnivation.
jsthe midel with lowest ATc.



