PAGE  
11

Lecture 6
Volatility and GARCH Models

Read 
(Handbook Ch 3)

EC 413/513

Economic Forecast and Analysis

(Professor Lee)

Why Volatility?  What are the issues?
· Time varying risk premia

· Heteroskedastic variance 
· not constant variance
· News arrivals are serially (auto) correlated. 

· News tends to cluster in time

· Asymmetric reactions (leverage effects): 

· “People react more when prices fall.”

· Non-linearity in the model
· Time deformation (economic activity does not match calendar time)

· Leptokurtic distribution 

· Fat-tails and excess peakness at the mean
Volatility Models
1. Moving Average Models

m-day historic volatility estimate

 eq \O((,^)t2 =  eq \f( 1 , m) eq \i\su(i=1 ,m, )rt-i2

where rt-i  is the  m  most recent returns


rt = log(Pt) = log(Pt) - log(Pt-1) : first difference of the price 

   = growth rates of price  =  rate of returns
Questions: 

· How to determine m?

· Equal weights for each term, rt-i2?

· Could we lose valuable information by smoothing out the series? 

2.  Exponentially Weighted Moving Averages (EWMA)



      eq \O((,^)t2 = ( rt-12 + (1 - ()  eq \O((,^)t-12 


= ( eq \i\su(i=1 ,¥, )(1 - ()i-1 rt-i2
Note: This is the same as exponential smoothing method

(except that yt is replaced with rt-12).
Remarks:

· If ( = 1, it’s a naive model for volatility with rt-12.
· If ( is close to 1, recent values of rt-i2 are heavily weighted.

· The predicted volatility remains constant as the estimate at T.

3. Auto-Regressive Conditional Heteroskedasticity (ARCH) Models



“Express ut2 in terms of past values of ut2 (lagged squared residuals).”




ut2 = ( + (1ut-12 + … + (qut-q2


Formally,

(1) Mean Equation: Usual ARMA models or others

 yt = c + ( yt-1 + ut     ..  AR(1) model, for instance


Var(ut | t-1 ) = ht      .. conditional variance of ut

    where t-1 is the information set available at t-1.
(2) Variance Equation: ARCH(Q) equation




ht = ( + (1ut-12 + … + (qut-q2


This is an AR(1)-ARCH(Q) model!


More examples:



ARCH(2): 
ht = ( + (1ut-12 + (2ut-22


ARCH(3): 
ht = ( + (1ut-12 + (2ut-22   + (3ut-32
4.  GARCH (Generalized ARCH) Models



Additionally include lagged variance terms, ht-j, j=1,..,P.



GARCH(P, Q):
ht = ( + (1ut-12 +  … + (qut-q2 






 + (1ht-1  + ….  + (pht-p  
Note: People often use GARCH (1,1) models, without having to search for optimal models.



GARCH(1, 1):
ht = ( + (1ut-12 + (1ht-1
A complete specification of the AR(1)-GARCH(1,1) model, for example:



 yt = c + ( yt-1 + ut     ..  AR(1) model, for instance

  


Var(ut | t-1 ) = ht      .. conditional variance of ut


ht = ( + (1ut-12 + (1 ht-1  ... GARCH(1,1), for instance

More examples: 



GARCH(1, 2):
ht = ( + (1ut-12 + (2ut-22 + (1ht-1


GARCH(2, 1):
ht = ( + (1ut-12 + (1ht-1 + (2ht-2
 
Case Study: WPI Inflation (handout)
Questions:

1. Why conditional?

2. Time-varying volatility?  Non-Constant variance?
3. Time-varying risk premia?
4. Is Volatility AUTO-CORRELATED?

5. Can we estimate/forecast the time-varying volatility?
Conditional versus Unconditional Expectation

(1) Mean


Example:  AR(1) model




yt = c + ( yt-1 + ut     



Unconditional Mean:




 ( = E(yt) = E(c + ( yt-1 + ut ) = c + ( ( + 0  since E(ut) = 0




Thus, ( =  eq \f( c , 1-( ) 



Conditional Mean:




E(yt|t-1) = c + ( yt-1 + 0
since E(yt|t-1) = 0



…  c and yt-1 is included in |t-1.

(2) Variance


Example:  GARCH(1,1) model




ht = ( + (1ut-12 + (1 ht-1  



Unconditional Variance:




 (2 = Var(ut) = E(ut2) = E(( + (1ut-12 + (1 ht-1) 




       = ( +  (1 E(ut-12) + ( E(ht-1) = ( + (1 (2+ (1 (2 




Thus, (2 =  eq \f(( , 1- (1 - (1)


Conditional Variance:



Var(ut | t-1 ) = E(ut2| t-1 ) = ht   = ( + (1ut-12 + (1 ht-1  
Estimating GARCH models
Main questions (as you may expect from ARMA models)
· How to choose P and Q?

· Testing for ARCH effects?

· It is a non-linear model, so how to estimate it?

Choosing P and Q

· Look at the ACF and PACF of squared residuals, ut2 of the ARMA model (see Case Study)

· Ljung-Box Q2(m) statistics using ut2 (see Case Study)

· AIC / SBC (can be done.)

· Your call: say, GARCH(1,1)
Note: If your GARCH model is optimal, the resulting squared residuals from GARCH models should look like a white noise process.



(ACF/PACF, Q2(m) statistics, and other tests)

Testing for ARCH effects


LM test for ARCH effects.




From 
ht = ( + (1ut-12 +  … + (qut-q2 , we can have 



H0:  (1 = (2 = … = (q = 0.




Then, ht = ( (constant!)



Thus, the testing hypothesis is




H0:  (1 = (2 = … = (q = 0  (no ARCH effects)



1st.  Run the usual ARMA models, and obtain the residual  eq \O(u,^)t ( eq \O(u,^)t2).


2nd.  Regress  eq \O(u,^)t2 on  eq \O(u,^)t-12,  eq \O(u,^)t-22, …,  eq \O(u,^)t-q2



 eq \O(u,^)t2 = c + c1 eq \O(u,^)t-12 + c2  eq \O(u,^)t-22 +   + cq eq \O(u,^)t-q2 + error




LM  = T R2 ~   (q  (chi-square with d.f. q.)




“Reject the null of no ARCH effects if LM > critical values.”

Notes:

(i) It is important to test on the residuals from the mean equation (ARMA models), not from GARCH models.

(ii)  We do not test directly for GARCH effects.  If ARCH effects exist, GARCH models can be also considered



Example:  Back to Case Study

Estimating GARCH models
We use the Maximum likelihood Estimation (MLE), since the GARCH model is non-linear.  Using iterative algorithm such as BHHH or others, we search for optimal parameter values while maximizing the log likelihood function:


Log Lik = eq \i\su(t=1 ,T, )log f(yi|t-1)   where f(.) is the density function.

Extensions of GARCH Models

1. GARCH-M model (GARCH in Mean model)



Add ht in the mean equation:



yt = c + ( yt-1 + ( ht + ut     

If ( > 0 and it is significant (t-test), there is a trade-off between the mean (return) and the conditional variance (time varying risk).
2. Leverage-GARCH (or also called, T-GARCH or Threshold-GARCH)

GJR model (Glosten, Jaganathan and Runkle, 1993)

We add an additional term which appears only when ut-1 < 0 (negative shock):  Asymmetric effect


ht   = ( + (1ut-12 + (1 ht-1  + ( It-1 ut-12


where It-1  = 1  if ut-1 < 0  and It-1  = 0  otherwise

 
If ( > 0, we say that there is a leverage effect.

Bad news (ut-1 < 0) has an effect of ((1+() ut-12 on the variance.


Good news (ut-1  0) has an effect of (1 ut-12  on the variance.


If ( < 0, vice versa.


One can test If ( = 0 or ( > 0 (t-test).

Example) Back to Case Study

3. E-GARCH Model (Exponential GARCH)


Two additions:

(i) Take a log form and 

(ii) Add an additional term for a leverage effect (asymmetric effect).


log ht  =  = ( + (1 log ht-1  + (1[(Vt-1 + ({|Vt-1| - E|Vt-1|} ]



where Vt-1  = ut/eq \r(ht)
      More questions:

(i) Why exponential?  To guarantee Positive variance.

ht  = exp(R.H.S.) > 0 always

(ii) Asymmetric effect



(Vt-1    ( < 0 in usual cases




  if Vt-1 < 0, log ht increases  ht increases.



  
  if Vt-1 > 0, log ht decreases  ht decreases.

4. I-GARCH-M model (Integrated Garch)



Rearranging ht = ( + (1ut-12 + (1 ht-1, we can have



ut2 = ( + ((1 + (1) ut-12 + xt - (1xt-1   



with xt = ut2 - ht  such that E(xt) = E(ut2 - ht ) = E(xt-1) = 0


If (1 + (1 = 1, we have  




ut2 = ( + ut-12  (like a random walk model in variance!)
Then, the predicted variance is


ht+s = w + ht+s-1 = … = w(s+ ht 


ht+s = ht  if w = 0  
This implies a persistence effect, as in the non-stationary (unit root) model.

This is an empirical phenomenon that we frequently observe in estimating GARCH models, especially in using high frequency data.

People who believe the I-GARCH model impose the restriction (1 + (1 = 1, and estimate one of these parameters ((1) and obtain the other ((1= 1 - (1).  
5. Other Extensions
Component GARCH models

Multivariate GARCH models
Smooth Transition GARCH models (Lee..)

Many other Brothers and Sisters GARCH models..
Forecasting with GARCH Models
Example with GARCH(1,1)



ht = ( + (1ut-12 + (1 ht-1  



with unconditional Variance (2 =  eq \f(( , 1- (1 - (1)

     Write:




ht = (2 + (1 (ut-12 - (2) + (1 (ht-1 - (2) 




ht+s = (2 + (1 (ut+s-12 - (2) + (1 (ht+s-1 - (2) 

Then, predicted ht+s is:


ht+s= ( + ((1 + (1) (ht+s-1 -  (2) 

Case Study: Estimating GARCH models using WPI (inflation)

* ARCH model

* file: ARCHWPI.PRG

* Data = WPI.wk1

cal 1960 1 4             ;* set calendar to begin 1960:Q1

all 0 1992:2             ;* data runs until 1992:Q2

open data wpi.wk1      ;* data is assumed to be on drive a:\

data(format=wks,org=obs) / wpi

set lwpi = log(wpi)

* ACF plot of the raw data

cor(partial=pacf,qstats,number=36,span=12,dfc=4) lwpi

source(noecho) bjident.src

@bjident lwpi

* Since it appears non-stationary, we take a first difference.

set dlwpi = lwpi - lwpi{1} ;* transform data

set y = dlwpi 

cor(partial=pacf,qstats,number=36,span=12,dfc=4) y

source(noecho) bjident.src

@bjident y

* Estimating ARMA model(1,4) for the differenced data

boxjenk(constant,ar=1,ma=4) y / U

cor(partial=pacf,qstats,number=36,span=12,dfc=4) U

* Estimating GARCH models

source(noecho) garch.src

@GARCH y / res1 Ht1   ; * Choose ar=1, ma=4, p=1, q=1, det=const

cal 1960 1 4             ;* set calendar to begin 1960:Q1

all 0 1992:2             ;* data runs until 1992:Q2

open data wpi.wk1      ;* data is assumed to be on drive a:\

data(format=wks,org=obs) / wpi

set lwpi = log(wpi)

* ACF plot of the raw data

cor(partial=pacf,qstats,number=36,span=12,dfc=4) lwpi

**  ACF of  logged WPI (LWPI)
Correlations of Series LWPI

Quarterly Data From 1960:01 To 1992:02

Autocorrelations

     1: 0.99939554 0.99791631 0.99563068 0.99256947 0.98871947 0.98418643

     7: 0.97895033 0.97313546 0.96679838 0.95996622 0.95262081 0.94482053

    13: 0.93653438 0.92774155 0.91844269 0.90865913 0.89837411 0.88760034

    19: 0.87635831 0.86458481 0.85224619 0.83939367 0.82603185 0.81217930

    25: 0.79782812 0.78304324 0.76773949 0.75198223 0.73578591 0.71921084

    31: 0.70225740 0.68495936 0.66722261 0.64913776 0.63071063 0.61194344

Partial Autocorrelations

     1:  0.9993955 -0.7241220 -0.3035628 -0.2035063 -0.2196581  0.0501698

     7: -0.1381179  0.1569427  0.0738928 -0.0263756 -0.0785701 -0.0474950

    13: -0.1385926 -0.1677463 -0.0810842 -0.0208332  0.0022648  0.0118102

    19:  0.0560945 -0.1528962 -0.1696101 -0.0426627 -0.0767612  0.0403891

    25: -0.0448340  0.1584290 -0.1726267  0.0006001 -0.0769825  0.0143229

    31:  0.0279624 -0.0693551 -0.1559242  0.0878302 -0.0205960 -0.0850557

Ljung-Box Q-Statistics

Q(12-4)=       1594.6423.  Significance Level 0.00000000

Q(24-4)=       3021.8813.  Significance Level 0.00000000

Q(36-4)=       4063.0843.  Significance Level 0.00000000
source(noecho) bjident.src

@bjident lwpi
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** It appears that the series is non-stationary.  Thus, we take the first difference.

set dlwpi = lwpi - lwpi{1} ;* transform data

set y = dlwpi 

cor(partial=pacf,qstats,number=36,span=12,dfc=4) y

source(noecho) bjident.src

@bjident y

Output omitted..

** It was found that ARMA(1,4) model is good enough.

boxjenk(constant,ar=1,ma=4) y / U

Box-Jenkins - Estimation by Gauss-Newton

Convergence in    21 Iterations. Final criterion was  0.0000007 <  0.0000010

Dependent Variable Y

Quarterly Data From 1960:03 To 1992:02

Usable Observations    128     Degrees of Freedom   122

Centered R**2     0.441587      R Bar **2   0.418701

Uncentered R**2   0.626145      T x R**2      80.147

Mean of Dependent Variable      0.0101966314

Std Error of Dependent Variable 0.0145694982

Standard Error of Estimate      0.0111082200

Sum of Squared Residuals        0.0150538913

Durbin-Watson Statistic             1.983067

Q(32-5)                            26.627648

Significance Level of Q           0.48401621

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  CONSTANT                  0.009950876  0.003901976      2.55021  0.01200338

2.  AR{1}                     0.763269763  0.092286998      8.27061  0.00000000

3.  MA{1}                    -0.401183984  0.113956511     -3.52050  0.00060643

4.  MA{2}                    -0.077625746  0.094390564     -0.82239  0.41246008

5.  MA{3}                     0.109963882  0.094091073      1.16870  0.24480460

6.  MA{4}                     0.321329053  0.095770204      3.35521  0.00105742

** Checking residuals
cor(partial=pacf,qstats,number=36,span=12,dfc=4) U

Correlations of Series U

Quarterly Data From 1960:03 To 1992:02

Autocorrelations

     1:  0.0090382 -0.0330732  0.0709026 -0.0372600 -0.1027525  0.1738010

     7: -0.0500361 -0.0851571 -0.0576390  0.0049187 -0.0943622  0.0257120

    13:  0.0853529  0.0695999 -0.0231185  0.0028494 -0.0317056 -0.1202307

    19:  0.0595798  0.1410236  0.0282068  0.0218490  0.0085336  0.0485143

    25: -0.1186548  0.1891592  0.0274164 -0.0181882 -0.0300223 -0.0609305

    31: -0.1641150  0.1939262 -0.0689758 -0.0495686  0.0551842 -0.0695297

Partial Autocorrelations

     1:  0.0090382 -0.0331576  0.0715956 -0.0401090 -0.0977407  0.1715678

     7: -0.0601220 -0.0637396 -0.0892112  0.0152022 -0.0619658 -0.0072648

    13:  0.0842713  0.0892661 -0.0127053 -0.0362982 -0.0170753 -0.1222841

    19:  0.0446168  0.1166851  0.0752550  0.0289790 -0.0104449  0.1136810

    25: -0.1513628  0.1591797 -0.0205783  0.0414657 -0.0439464 -0.0777523

    31: -0.0442566  0.1721953 -0.1117260 -0.0594571  0.0675642 -0.1184579

Ljung-Box Q-Statistics

Q(12-4)=          9.7381.  Significance Level 0.28389233

Q(24-4)=         18.1095.  Significance Level 0.58019683

Q(36-4)=         41.0085.  Significance Level 0.13208026

** Now, Estimating GARCH models with ARMA(1,4) for y = growth rates of WPI

source(noecho) garch.src

@GARCH y / res1 Ht1   ; * Choose ar=1, ma=4, p=1, q=1, det=const

Choose:


Determinstic component:  Constant


AR lag = 1


MA lag = 4


ARCH model = GARCH(p,q)


P=1


Q=1


Maximization option, max iterations = 1000


Continue

********************************************************************

*   Estimating an ARMA(1,4) for the mean of Y                     *

*     w/ a GARCH(1,1) model for the conditional variance          *

********************************************************************

  A1 is the constant in the mean equation

  The A2->An coefficients refer to the AR equation for the mean

  The MA coefficients refer to the moving average terms

  C is the constant in the conditional variance equation

  The Q coefficients refer to the lagged squared residuals

  The P coefficients refer to the lagged conditional variance

  The numbers in the A,MA,Q,P coefficients refer to the lag

MAXIMIZE - Estimation by Simplex

Quarterly Data From 1961:03 To 1992:02

Usable Observations    124

Function Value                     388.14674552

   Variable                     Coeff

*****************************************

1.  A1                       -0.000401336

2.  A2                        0.936340495

3.  MA1                       0.620597450

4.  MA2                       0.077875483

5.  MA3                      -0.209858209

6.  MA4                      -0.018027471

7.  C                         0.000072528

8.  Q1                        0.346477836

9.  P1                        0.163128412

MAXIMIZE - Estimation by BHHH

Convergence in    60 Iterations. Final criterion was  0.0000000 <  0.0000010

Quarterly Data From 1961:03 To 1992:02

Usable Observations    124

Function Value                     397.33583694

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  A1                        0.002078830  0.001469501      1.41465  0.15717101

2.  A2                        0.769163520  0.126055819      6.10177  0.00000000

3.  MA1                       0.318430789  0.162231399      1.96282  0.04966727

4.  MA2                       0.140643654  0.134910507      1.04250  0.29718182

5.  MA3                      -0.097778503  0.101948633     -0.95910  0.33751050

6.  MA4                      -0.263325808  0.137043474     -1.92148  0.05467167

7.  C                         0.000025610  0.000016869      1.51812  0.12898432

8.  Q1                        0.305376064  0.175889707      1.73618  0.08253214

9.  P1                        0.482847801  0.259394331      1.86144  0.06268162

*** The above output contains the final extimates.

* Analyzing the normalized residuals for serial correlation and normality *

         Skewness                      Kurtosis

          0.64824                       5.88075

*** Checking residuals for whiteness

The Ljung-Box Q-Test for Serial Correlation in NRESIDS

LB(4)    Test Statistic:   1.8282      Significance Level:   0.60881

LB(8)    Test Statistic:  10.9501      Significance Level:   0.14081

LB(12)   Test Statistic:  15.9993      Significance Level:   0.14116

LB(16)   Test Statistic:  20.1645      Significance Level:   0.16571

LB(20)   Test Statistic:  28.0094      Significance Level:   0.08325

LB(24)   Test Statistic:  28.5596      Significance Level:   0.19536

The Jarque-Bera Normality Test, ChiSqr(2), for NRESIDS

         Test Statistic:  51.5613      Significance Level:   0.00000

*** Chekcing if the ARCH specification is correct using NEW residuals “after” ARCH models

F-Test of no ARCH vs. ARCH in NRESIDS

ARCH(4)  Test Statistic:   0.9561      Significance Level:   0.43452

ARCH(8)  Test Statistic:   0.8240      Significance Level:   0.58326

ARCH(12) Test Statistic:   0.6956      Significance Level:   0.75219

ARCH(16) Test Statistic:   0.5417      Significance Level:   0.91733

ARCH(20) Test Statistic:   0.4677      Significance Level:   0.97163

ARCH(24) Test Statistic:   0.4158      Significance Level:   0.99099

*** Checking “squared-residuals” for its whiteness.

* Analyzing the squared normalized residuals for serial correlation *

The Ljung-Box Q-Test for Serial Correlation in SQNRESIDS

LB(4)    Test Statistic:   4.2243      Significance Level:   0.23824

LB(8)    Test Statistic:   9.0904      Significance Level:   0.24623

LB(12)   Test Statistic:  10.8245      Significance Level:   0.45808

LB(16)   Test Statistic:  12.4702      Significance Level:   0.64315

LB(20)   Test Statistic:  14.3503      Significance Level:   0.76290

LB(24)   Test Statistic:  15.7214      Significance Level:   0.86693

* Sign and Size Bias Tests *

The Sign Bias Test

         Test Statistic:   0.5524      Significance Level:   0.58172

The Negative Size Bias Test

         Test Statistic:   0.4777      Significance Level:   0.63373

The Positive Size Bias Test

         Test Statistic:   0.2067      Significance Level:   0.83658

The Joint Test for the Three Effects

         Test Statistic:   0.1168      Significance Level:   0.95010

********************************************************************

****  Finally, plot of h(t), the conditional heteroskedasticity
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*** This clearly captures the periods of higher volatility caused by the oil shock in early 1970s and the recession in the early 1990s.
RESULTS FOR VARIOUS GARCH MODELS


********************************************************************

*   Estimating an ARMA(1,4) for the mean of Y                     *

*     w/ a GARCH(1,1) model for the conditional variance          *

********************************************************************

  A1 is the constant in the mean equation

  The A2->An coefficients refer to the AR equation for the mean

  The MA coefficients refer to the moving average terms

  C is the constant in the conditional variance equation

  The Q coefficients refer to the lagged squared residuals

  The P coefficients refer to the lagged conditional variance

  The numbers in the A,MA,Q,P coefficients refer to the lag

MAXIMIZE - Estimation by Simplex

Quarterly Data From 1961:03 To 1992:02

Usable Observations    124

Function Value                     388.15243199

   Variable                     Coeff

*****************************************

1.  A1                       -0.000401336

2.  A2                        0.936340495

3.  MA1                       0.620372150

4.  MA2                       0.077681812

5.  MA3                      -0.208153619

6.  MA4                      -0.018013995

7.  C                         0.000072528

8.  Q1                        0.346477836

9.  P1                        0.163128412

MAXIMIZE - Estimation by BHHH

Convergence in    59 Iterations. Final criterion was  0.0000006 <  0.0000010

Quarterly Data From 1961:03 To 1992:02

Usable Observations    124

Function Value                     397.33011283

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  A1                        0.002079444  0.001469550      1.41502  0.15706250

2.  A2                        0.769166304  0.126049295      6.10211  0.00000000

3.  MA1                       0.318305797  0.162285704      1.96139  0.04983337

4.  MA2                       0.140681673  0.134904023      1.04283  0.29702802

5.  MA3                      -0.097771435  0.101880765     -0.95967  0.33722369

6.  MA4                      -0.263305180  0.137006718     -1.92184  0.05462572

7.  C                         0.000025678  0.000016879      1.52132  0.12817926

8.  Q1                        0.305806986  0.176128861      1.73627  0.08251638

9.  P1                        0.481865617  0.259448996      1.85727  0.06327342

* Analyzing the normalized residuals for serial correlation and normality *

         Skewness                      Kurtosis

          0.64832                       5.88047

The Ljung-Box Q-Test for Serial Correlation in NRESIDS

LB(4)    Test Statistic:   1.8292      Significance Level:   0.60859

LB(8)    Test Statistic:  10.9527      Significance Level:   0.14070

LB(12)   Test Statistic:  16.0007      Significance Level:   0.14111

LB(16)   Test Statistic:  20.1638      Significance Level:   0.16574

LB(20)   Test Statistic:  28.0091      Significance Level:   0.08325

LB(24)   Test Statistic:  28.5589      Significance Level:   0.19538

The Jarque-Bera Normality Test, ChiSqr(2), for NRESIDS

         Test Statistic:  51.5552      Significance Level:   0.00000

F-Test of no ARCH vs. ARCH in NRESIDS

ARCH(4)  Test Statistic:   0.9571      Significance Level:   0.43401

ARCH(8)  Test Statistic:   0.8247      Significance Level:   0.58259

ARCH(12) Test Statistic:   0.6961      Significance Level:   0.75170

ARCH(16) Test Statistic:   0.5421      Significance Level:   0.91707

ARCH(20) Test Statistic:   0.4680      Significance Level:   0.97151

ARCH(24) Test Statistic:   0.4160      Significance Level:   0.99094

* Analyzing the squared normalized residuals for serial correlation *

The Ljung-Box Q-Test for Serial Correlation in SQNRESIDS

LB(4)    Test Statistic:   4.2278      Significance Level:   0.23789

LB(8)    Test Statistic:   9.0986      Significance Level:   0.24565

LB(12)   Test Statistic:  10.8312      Significance Level:   0.45751

LB(16)   Test Statistic:  12.4774      Significance Level:   0.64260

LB(20)   Test Statistic:  14.3580      Significance Level:   0.76244

LB(24)   Test Statistic:  15.7289      Significance Level:   0.86663

* Sign and Size Bias Tests *

The Sign Bias Test

         Test Statistic:   0.5512      Significance Level:   0.58252

The Negative Size Bias Test

         Test Statistic:   0.4769      Significance Level:   0.63429

The Positive Size Bias Test

         Test Statistic:   0.2056      Significance Level:   0.83745

The Joint Test for the Three Effects

         Test Statistic:   0.1163      Significance Level:   0.95038

********************************************************************

********************************************************************

*   Estimating an ARMA(1,4) for the mean of Y                     *

*     w/ an IGARCH(1,1) model for the conditional variance        *

********************************************************************

  A1 is the constant in the mean equation

  The A2->An coefficients refer to the AR equation for the mean

  The MA coefficients refer to the moving average terms

  C is the constant in the conditional variance equation

  The Q coefficients refer to the lagged squared residuals

  The P coefficients refer to the lagged conditional variance

  The numbers in the A,MA,Q,P coefficients refer to the lag

MAXIMIZE - Estimation by Simplex

Quarterly Data From 1961:03 To 1992:02

Usable Observations    124

Function Value                     385.62866971

   Variable                     Coeff

*****************************************

1.  A1                         4.1144e-03

2.  A2                             0.5216

3.  MA1                            0.1586

4.  MA2                            0.1468

5.  MA3                           -0.2242

6.  MA4                           -0.0191

7.  C                          5.7862e-06

8.  Q1                             0.2693

MAXIMIZE - Estimation by BHHH

Convergence in    52 Iterations. Final criterion was  0.0000009 <  0.0000010

Quarterly Data From 1961:03 To 1992:02

Usable Observations    124

Function Value                     396.14885059

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  A1                         1.8004e-03   1.4273e-03      1.26140  0.20716579

2.  A2                             0.7819       0.1348      5.80083  0.00000001

3.  MA1                            0.3032       0.1591      1.90658  0.05657546

4.  MA2                            0.1654       0.1568      1.05528  0.29129819

5.  MA3                           -0.1014       0.1239     -0.81809  0.41330349

6.  MA4                           -0.2485       0.1570     -1.58301  0.11341849

7.  C                          1.3153e-05   9.2147e-06      1.42739  0.15346686

8.  Q1                             0.4117       0.1687      2.43982  0.01469478

The IGARCH constraint implies

  P1 = 0.5883420168

* Analyzing the normalized residuals for serial correlation and normality *

         Skewness                      Kurtosis

          0.84703                       7.01933

The Ljung-Box Q-Test for Serial Correlation in NRESIDS

LB(4)    Test Statistic:   3.5018      Significance Level:   0.32053

LB(8)    Test Statistic:  13.5891      Significance Level:   0.05899

LB(12)   Test Statistic:  20.2580      Significance Level:   0.04193

LB(16)   Test Statistic:  26.1124      Significance Level:   0.03686

LB(20)   Test Statistic:  34.1687      Significance Level:   0.01755

LB(24)   Test Statistic:  34.9476      Significance Level:   0.05264

The Jarque-Bera Normality Test, ChiSqr(2), for NRESIDS

         Test Statistic:  98.2949      Significance Level:   0.00000

F-Test of no ARCH vs. ARCH in NRESIDS

ARCH(4)  Test Statistic:   0.6278      Significance Level:   0.64365

ARCH(8)  Test Statistic:   0.4839      Significance Level:   0.86528

ARCH(12) Test Statistic:   0.4105      Significance Level:   0.95639

ARCH(16) Test Statistic:   0.3566      Significance Level:   0.98859

ARCH(20) Test Statistic:   0.3015      Significance Level:   0.99816

ARCH(24) Test Statistic:   0.2670      Significance Level:   0.99970

* Analyzing the squared normalized residuals for serial correlation *

The Ljung-Box Q-Test for Serial Correlation in SQNRESIDS

LB(4)    Test Statistic:   2.8174      Significance Level:   0.42064

LB(8)    Test Statistic:   5.3363      Significance Level:   0.61900

LB(12)   Test Statistic:   6.6373      Significance Level:   0.82765

LB(16)   Test Statistic:   8.5534      Significance Level:   0.89969

LB(20)   Test Statistic:  10.0453      Significance Level:   0.95182

LB(24)   Test Statistic:  10.9936      Significance Level:   0.98325

* Sign and Size Bias Tests *

The Sign Bias Test

         Test Statistic:   0.9196      Significance Level:   0.35963

The Negative Size Bias Test

         Test Statistic:   0.9073      Significance Level:   0.36607

The Positive Size Bias Test

         Test Statistic:   0.0146      Significance Level:   0.98838

The Joint Test for the Three Effects

         Test Statistic:   0.3815      Significance Level:   0.76650

********************************************************************

********************************************************************

*   Estimating an ARMA(1,4) for the mean of Y                     *

*     w/ an EGARCH(2,2) model for the conditional variance        *

********************************************************************

  A1 is the constant in the mean equation

  The A2->An coefficients refer to the AR equation for the mean

  The MA coefficients refer to the moving average terms

  C is the constant in the conditional variance equation

  The Q coefficients refer to the lagged squared residuals

  The P coefficients refer to the lagged conditional variance

  The numbers in the A,MA,Q,P coefficients refer to the lag

MAXIMIZE - Estimation by Simplex

Quarterly Data From 1961:04 To 1992:02

Usable Observations     78

 Total Observations    123     Skipped/Missing       45

Function Value                     199.48745162

   Variable                     Coeff

*****************************************

1.  A1                       -0.002366949

2.  A2                        1.158589602

3.  MA1                       0.435063533

4.  MA2                      -0.937048296

5.  MA3                       0.158688394

6.  MA4                      -0.389211074

7.  C                         0.000247037

8.  Q1                        0.050310605

9.  Q2                        0.580606584

10. P1                        0.890441099

11. P2                        0.124044100

12. L1                        0.098283178

MAXIMIZE - Estimation by BHHH

Convergence in    35 Iterations. Final criterion was  0.0000005 <  0.0000010

Quarterly Data From 1961:04 To 1992:02

Usable Observations    123

Function Value                     411.57229551

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  A1                        0.004614128  0.001371501      3.36429  0.00076741

2.  A2                        0.387701157  0.166615562      2.32692  0.01996950

3.  MA1                      -0.082021856  0.138799487     -0.59094  0.55456213

4.  MA2                      -0.147281843  0.098315424     -1.49805  0.13411915

5.  MA3                      -0.124618151  0.076290744     -1.63346  0.10237154

6.  MA4                      -0.239748932  0.089625671     -2.67500  0.00747286

7.  C                        -5.574817979  1.882413450     -2.96153  0.00306118

8.  Q1                        0.296309131  0.147468792      2.00930  0.04450527

9.  Q2                        0.445860310  0.229703697      1.94102  0.05225541

10. P1                       -0.242648461  0.101576573     -2.38882  0.01690244

11. P2                        0.664672754  0.108443644      6.12920  0.00000000

12. L1                       -1.439019167  0.777217155     -1.85150  0.06409736

* Analyzing the normalized residuals for serial correlation and normality *

         Skewness                      Kurtosis

          0.02091                       2.76595

The Ljung-Box Q-Test for Serial Correlation in NRESIDS

LB(4)    Test Statistic:   1.0772      Significance Level:   0.78258

LB(8)    Test Statistic:  13.0318      Significance Level:   0.07134

LB(12)   Test Statistic:  17.5344      Significance Level:   0.09303

LB(16)   Test Statistic:  25.2708      Significance Level:   0.04642

LB(20)   Test Statistic:  32.7657      Significance Level:   0.02558

LB(24)   Test Statistic:  33.5700      Significance Level:   0.07164

The Jarque-Bera Normality Test, ChiSqr(2), for NRESIDS

         Test Statistic:   0.2897      Significance Level:   0.86515

F-Test of no ARCH vs. ARCH in NRESIDS

ARCH(4)  Test Statistic:   0.7272      Significance Level:   0.57516

ARCH(8)  Test Statistic:   1.3105      Significance Level:   0.24633

ARCH(12) Test Statistic:   0.9397      Significance Level:   0.51138

ARCH(16) Test Statistic:   0.8438      Significance Level:   0.63353

ARCH(20) Test Statistic:   0.6341      Significance Level:   0.87528

ARCH(24) Test Statistic:   0.9484      Significance Level:   0.54037

* Analyzing the squared normalized residuals for serial correlation *

The Ljung-Box Q-Test for Serial Correlation in SQNRESIDS

LB(4)    Test Statistic:   2.9903      Significance Level:   0.39313

LB(8)    Test Statistic:  10.2262      Significance Level:   0.17612

LB(12)   Test Statistic:  13.4598      Significance Level:   0.26434

LB(16)   Test Statistic:  17.5891      Significance Level:   0.28488

LB(20)   Test Statistic:  19.6136      Significance Level:   0.41816

LB(24)   Test Statistic:  28.9630      Significance Level:   0.18154

* Sign and Size Bias Tests *

The Sign Bias Test

         Test Statistic:  -0.4610      Significance Level:   0.64565

The Negative Size Bias Test

         Test Statistic:  -1.0597      Significance Level:   0.29145

The Positive Size Bias Test

         Test Statistic:  -0.3796      Significance Level:   0.70490

The Joint Test for the Three Effects

         Test Statistic:   0.4503      Significance Level:   0.71755

********************************************************************

********************************************************************

*   Estimating an ARMA(1,4) for the mean of Y                     *

*     w/ a Leveraged GARCH(1,1) model for the conditional variance*

********************************************************************

  A1 is the constant in the mean equation

  The A2->An coefficients refer to the AR equation for the mean

  The MA coefficients refer to the moving average terms

  C is the constant in the conditional variance equation

  The Q coefficients refer to the lagged squared residuals

  The P coefficients refer to the lagged conditional variance

  The numbers in the A,MA,Q,P coefficients refer to the lag

MAXIMIZE - Estimation by Simplex

Quarterly Data From 1961:03 To 1992:02

Usable Observations    124

Function Value                     395.85761887

   Variable                     Coeff

*****************************************

1.  A1                        0.001837958

2.  A2                        0.818156410

3.  MA1                       0.279754561

4.  MA2                       0.167453097

5.  MA3                      -0.091968477

6.  MA4                      -0.220078295

7.  C                         0.000052334

8.  Q1                        0.310527810

9.  P1                        0.278131105

10. LEV                      -0.043939711

MAXIMIZE - Estimation by BHHH

NO CONVERGENCE IN 100 ITERATIONS

LAST CRITERION WAS  0.0006105

Quarterly Data From 1961:03 To 1992:02

Usable Observations    124

Function Value                     405.14716023

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  A1                         1.6447e-03   1.0721e-03      1.53401  0.12502774

2.  A2                             0.8554       0.0725     11.80120  0.00000000

3.  MA1                            0.2537       0.1085      2.33868  0.01935178

4.  MA2                            0.0873       0.1134      0.76956  0.44156342

5.  MA3                           -0.0174       0.0999     -0.17454  0.86144398

6.  MA4                           -0.2017       0.0841     -2.39973  0.01640699

7.  C                          1.6634e-05   7.0439e-06      2.36149  0.01820181

8.  Q1                             0.6141       0.3081      1.99332  0.04622696

9.  P1                             0.6713       0.1014      6.62048  0.00000000

10. LEV                           -0.7467       0.3263     -2.28820  0.02212564

********************************************************

 The model did not converge after  100 iterations.

 You should re-execute the GARCH procedure using the

 ITERS option to specify a larger number of iterations,

 or input new initial values (or ones different from

 the default values).

********************************************************

* Analyzing the normalized residuals for serial correlation and normality *

         Skewness                      Kurtosis

          0.50059                       4.35885

The Ljung-Box Q-Test for Serial Correlation in NRESIDS

LB(4)    Test Statistic:   2.2748      Significance Level:   0.51737

LB(8)    Test Statistic:  12.5609      Significance Level:   0.08356

LB(12)   Test Statistic:  19.8422      Significance Level:   0.04755

LB(16)   Test Statistic:  26.9841      Significance Level:   0.02887

LB(20)   Test Statistic:  39.0633      Significance Level:   0.00433

LB(24)   Test Statistic:  39.3223      Significance Level:   0.01828

The Jarque-Bera Normality Test, ChiSqr(2), for NRESIDS

         Test Statistic:  14.7190      Significance Level:   0.00064

F-Test of no ARCH vs. ARCH in NRESIDS

ARCH(4)  Test Statistic:   2.1368      Significance Level:   0.08074

ARCH(8)  Test Statistic:   1.2346      Significance Level:   0.28625

ARCH(12) Test Statistic:   1.1036      Significance Level:   0.36600

ARCH(16) Test Statistic:   0.9405      Significance Level:   0.52712

ARCH(20) Test Statistic:   0.8036      Significance Level:   0.70220

ARCH(24) Test Statistic:   0.8772      Significance Level:   0.62969
* Analyzing the squared normalized residuals for serial correlation *

The Ljung-Box Q-Test for Serial Correlation in SQNRESIDS

LB(4)    Test Statistic:   9.2128      Significance Level:   0.02659

LB(8)    Test Statistic:  13.7938      Significance Level:   0.05497

LB(12)   Test Statistic:  17.6464      Significance Level:   0.09016

LB(16)   Test Statistic:  20.5502      Significance Level:   0.15183

LB(20)   Test Statistic:  22.8525      Significance Level:   0.24390

LB(24)   Test Statistic:  27.0950      Significance Level:   0.25195

* Sign and Size Bias Tests *

The Sign Bias Test

         Test Statistic:   0.5501      Significance Level:   0.58329

The Negative Size Bias Test

         Test Statistic:  -1.0184      Significance Level:   0.31054

The Positive Size Bias Test

         Test Statistic:  -0.0398      Significance Level:   0.96829

The Joint Test for the Three Effects

         Test Statistic:   1.0176      Significance Level:   0.38748

********************************************************************

 ********************************************************************

*   Estimating an ARMA(1,4) for the mean of Y                     *

*     w/ a LIGARCH(1,1) model for the conditional variance        *

********************************************************************

  A1 is the constant in the mean equation

  The A2->An coefficients refer to the AR equation for the mean

  The MA coefficients refer to the moving average terms

  C is the constant in the conditional variance equation

  The Q coefficients refer to the lagged squared residuals

  The P coefficients refer to the lagged conditional variance

  The numbers in the A,MA,Q,P coefficients refer to the lag

MAXIMIZE - Estimation by Simplex

Quarterly Data From 1961:03 To 1992:02

Usable Observations    124

Function Value                     382.37001037

   Variable                     Coeff

*****************************************

1.  A1                         3.1606e-03

2.  A2                             0.6671

3.  MA1                            0.3977

4.  MA2                           -0.1686

5.  MA3                           -0.2070

6.  MA4                            0.1655

7.  C                          6.3016e-06

8.  Q1                             0.2426

9.  LEV                            0.0984

MAXIMIZE - Estimation by BHHH

NO CONVERGENCE IN 100 ITERATIONS

LAST CRITERION WAS  0.0001785

Quarterly Data From 1961:03 To 1992:02

Usable Observations    124

Function Value                     403.36317251

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  A1                         1.7917e-03   1.0829e-03      1.65466  0.09799357

2.  A2                             0.8103       0.0890      9.10582  0.00000000

3.  MA1                            0.3368       0.1056      3.19080  0.00141878

4.  MA2                            0.1022       0.0982      1.04056  0.29808150

5.  MA3                           -0.0367       0.0817     -0.44926  0.65324353

6.  MA4                           -0.2532       0.0853     -2.96877  0.00298996

7.  C                          2.4784e-05   9.6518e-06      2.56784  0.01023354

8.  Q1                             0.4052       0.1302      3.11125  0.00186295

9.  LEV                           -0.5125       0.1381     -3.71058  0.00020679

********************************************************

 The model did not converge after  100 iterations.

 You should re-execute the GARCH procedure using the

 ITERS option to specify a larger number of iterations,

 or input new initial values (or ones different from

 the default values).

********************************************************

The IGARCH constraint implies

  P1 = 0.5948285335

* Analyzing the normalized residuals for serial correlation and normality *

         Skewness                      Kurtosis

          0.50881                       4.51976

The Ljung-Box Q-Test for Serial Correlation in NRESIDS

LB(4)    Test Statistic:   0.1298      Significance Level:   0.98804

LB(8)    Test Statistic:   9.2678      Significance Level:   0.23400

LB(12)   Test Statistic:  15.5126      Significance Level:   0.16021

LB(16)   Test Statistic:  20.9261      Significance Level:   0.13921

LB(20)   Test Statistic:  31.6091      Significance Level:   0.03457

LB(24)   Test Statistic:  31.8874      Significance Level:   0.10251

The Jarque-Bera Normality Test, ChiSqr(2), for NRESIDS

         Test Statistic:  17.2837      Significance Level:   0.00018

F-Test of no ARCH vs. ARCH in NRESIDS

ARCH(4)  Test Statistic:   3.0019      Significance Level:   0.02134

ARCH(8)  Test Statistic:   1.5304      Significance Level:   0.15532

ARCH(12) Test Statistic:   1.2629      Significance Level:   0.25293

ARCH(16) Test Statistic:   1.0356      Significance Level:   0.42830

ARCH(20) Test Statistic:   0.8017      Significance Level:   0.70444

ARCH(24) Test Statistic:   0.8004      Significance Level:   0.72467

* Analyzing the squared normalized residuals for serial correlation *

The Ljung-Box Q-Test for Serial Correlation in SQNRESIDS

LB(4)    Test Statistic:  12.6752      Significance Level:   0.00539

LB(8)    Test Statistic:  16.9689      Significance Level:   0.01760

LB(12)   Test Statistic:  20.0295      Significance Level:   0.04494

LB(16)   Test Statistic:  22.1974      Significance Level:   0.10273

LB(20)   Test Statistic:  23.1359      Significance Level:   0.23141

LB(24)   Test Statistic:  26.9515      Significance Level:   0.25804

* Sign and Size Bias Tests *

The Sign Bias Test

         Test Statistic:   0.2357      Significance Level:   0.81403

The Negative Size Bias Test

         Test Statistic:  -0.9136      Significance Level:   0.36275

The Positive Size Bias Test

         Test Statistic:   0.0284      Significance Level:   0.97738

The Joint Test for the Three Effects

         Test Statistic:   0.5899      Significance Level:   0.62280

********************************************************************

********************************************************************

*   Estimating an ARMA(1,4) for the mean of Y                     *

*     w/ a GARCH(1,1) model for the conditional variance          *

*     and an ARCH-in-Mean term in the conditional mean            *

********************************************************************

  A1 is the constant in the mean equation

  The A2->An coefficients refer to the AR equation for the mean

  M is the coefficient on the ARCH-in-Mean term

  The MA coefficients refer to the moving average terms

  C is the constant in the conditional variance equation

  The Q coefficients refer to the lagged squared residuals

  The P coefficients refer to the lagged conditional variance

  The numbers in the A,MA,Q,P coefficients refer to the lag

MAXIMIZE - Estimation by Simplex

Quarterly Data From 1961:03 To 1992:02

Usable Observations    124

Function Value                     390.40724671

   Variable                     Coeff

*****************************************

1.  A1                        0.002718350

2.  A2                        0.778709049

3.  MA1                       0.366628696

4.  MA2                       0.076614534

5.  MA3                      -0.158593629

6.  MA4                       0.030479678

7.  C                         0.000044328

8.  Q1                        0.289140390

9.  P1                        0.214138504

10. M                        -0.008953643

MAXIMIZE - Estimation by BHHH

Convergence in    40 Iterations. Final criterion was  0.0000007 <  0.0000010

Quarterly Data From 1961:03 To 1992:02

Usable Observations    124

Function Value                     398.45309155

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  A1                        0.005644948  0.002338846      2.41356  0.01579748

2.  A2                        0.821683981  0.102514653      8.01528  0.00000000

3.  MA1                       0.354352487  0.140248120      2.52661  0.01151689

4.  MA2                       0.132142539  0.126724387      1.04276  0.29706159

5.  MA3                      -0.130942138  0.093234206     -1.40444  0.16018694

6.  MA4                      -0.258033730  0.113468227     -2.27406  0.02296229

7.  C                         0.000034901  0.000013462      2.59249  0.00952827

8.  Q1                        0.401162174  0.191829680      2.09124  0.03650643

9.  P1                        0.318578504  0.202603400      1.57242  0.11585219

10. M                        -0.425945448  0.254189036     -1.67570  0.09379629

* Analyzing the normalized residuals for serial correlation and normality *

         Skewness                      Kurtosis

          0.70141                       5.70971

The Ljung-Box Q-Test for Serial Correlation in NRESIDS

LB(4)    Test Statistic:   2.2981      Significance Level:   0.51288

LB(8)    Test Statistic:  11.6094      Significance Level:   0.11416

LB(12)   Test Statistic:  15.8461      Significance Level:   0.14694

LB(16)   Test Statistic:  19.6541      Significance Level:   0.18561

LB(20)   Test Statistic:  26.8217      Significance Level:   0.10888

LB(24)   Test Statistic:  27.7919      Significance Level:   0.22375

The Jarque-Bera Normality Test, ChiSqr(2), for NRESIDS

         Test Statistic:  48.1038      Significance Level:   0.00000

F-Test of no ARCH vs. ARCH in NRESIDS

ARCH(4)  Test Statistic:   1.6319      Significance Level:   0.17103

ARCH(8)  Test Statistic:   1.0926      Significance Level:   0.37413

ARCH(12) Test Statistic:   0.8849      Significance Level:   0.56470

ARCH(16) Test Statistic:   0.6667      Significance Level:   0.81892

ARCH(20) Test Statistic:   0.5627      Significance Level:   0.92705

ARCH(24) Test Statistic:   0.5407      Significance Level:   0.95387

* Analyzing the squared normalized residuals for serial correlation *

The Ljung-Box Q-Test for Serial Correlation in SQNRESIDS

LB(4)    Test Statistic:   7.3446      Significance Level:   0.06169

LB(8)    Test Statistic:  12.6539      Significance Level:   0.08100

LB(12)   Test Statistic:  13.8625      Significance Level:   0.24070

LB(16)   Test Statistic:  14.9557      Significance Level:   0.45462

LB(20)   Test Statistic:  16.7168      Significance Level:   0.60905

LB(24)   Test Statistic:  17.9829      Significance Level:   0.75842

* Sign and Size Bias Tests *

The Sign Bias Test

         Test Statistic:   0.8732      Significance Level:   0.38430

The Negative Size Bias Test

         Test Statistic:   0.6516      Significance Level:   0.51593

The Positive Size Bias Test

         Test Statistic:   0.1100      Significance Level:   0.91257

The Joint Test for the Three Effects

         Test Statistic:   0.2843      Significance Level:   0.83663

********************************************************************

Review Questions on ARCH-GARCH Models

1.  What are major limitations of using MA or EWMA models for volatility?

2.  What are economic reasoning for (i) conditional and (ii) heteroskedasticity (not constant variance) implied in the ARCH-GARCH models.

3.  Briefly explain about the GARCH-M model and underlying reasons for this model.

4.  Briefly explain about the T-GARCH model and underlying reasons for this model.

5.  Briefly explain about the E-GARCH model and underlying reasons for this model.

6.  Discuss how you can test for (existence of) ARCH effects.

7.  Using the excess rates of returns, which was defined as the difference between the rate of returns of interest rates and the rate of return of risk free assets (Treasury Bill), estimate a GARCH model of your choice.  Note that you do not need to difference the data.  (File: excess.txt)
(a)  Identify the orders, p and q, of an ARMA(p,q) model.  Use AIC for this.

(b)  Using the residuals of the identified ARMA model estimation result, test for whiteness of residuals.  Use Q-statistics at 5 and 10 lags.  Also, check ACF and PACF of residuals.

(c)  Using the residuals of the identified ARMA model estimation result, test for ARCH effect.  Use 5 lags for this test.  

(d)  Estimate a GARCH(1, 1) model. 

(e) Using the squared residuals of the estimated GARCH model, test for any further ARCH effect. Use Q-statistics at 5 and 10 lags.

(f)  Plot the estimated conditional heteroskedasticity.

(g) Find the unconditional mean and the unconditional variance from the ARMA-GARCH model that you have estimated.










