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.
