Q.1

&

¢]

=9 o
~— ~— =

Q.2

Fi%a ci,aIl Ecﬁnom,etrics
olatility Exercises
Using US annual data 1873 - 2000 on log stock prices, Is; an ARIMA(1,1,0) model was estimated

Alsy = p+ ¢Alsy_1 + &4

and a test for second order ARCH gave a p-value of 0.0434. The equation was re-estimated assuming
GARCH(1,1) errors, i.e., assuming that ¢, ~ N(0, hy) with

ht =w + 0655_1 + ﬁht_l.

The estimates (standard errors in parentheses) are p = 0.043 (0.016), p = 0.071 (0.109), w = 0.007 (0.007),
a = 0.0149 (0.092), 3 = 0.625 (0.0291).

Explain how a test for second order ARCH is conducted.
Explain how the GARCH(1,1) model is estimated.
What are the conditions required for the variances to be non-negative? Are they satisfied in this case.

Consider the following output regarding the estimation of a GARCH, an EGARCH and a GJR model for
Japanese bonds:

Dependent Variable: JAPAN Dependent Yariable: JAPAN Dependent variable: JAPARN
Method: ML - ARCH {Marquardt) Method: ML - ARCH (Marguardt) Method: ML - ARCH (Marguardt)
Date: 12090 Time: 2335 Date: 1203410 Time: 23.33 Date: 1209/10 Time: 23:33
Sample(adjusted): 1/09/1990 403/1995 Sample(adjusted): 1/09/1890 4/091996 Sample(adjusted): 1/03/1950 4/09/1998
Included observations: 327 after adjusting endpoints Included observations: 327 after adjusting endpoints Included nhsewat_\nns' 327 af‘l_er adjusting endpoints
Convergence achieved after 7 iterations Convergence achieved after 5 iterations
Convergence achieved after 13 iterations Vari backeast ON v backoast ON
‘iariance backoast ON ariance backcast atiance backcasd
Cosficient  Std. Emor  z-Statistic Frob. Coeficient  Std. Error  z-Statistic  Prob Coefficient  Std. Error  z-Statistic Prob.
C 0178242 0076203 2338047 00193 c 0.183614  0.0B1797 2244738  0.0248
C 0162763 0073572 2212572 00268 @TREND 0000349 0000157 2230184 0.0257 @TREND 0000347 0000170 2043156 0.0410
@TREND DO00238 0000162 1843585 00652 JAPANE) 0973420 0010231 9514063 00000 JAPANET) 0971913 0010911 89.07935 00000
JAPAM-1) 0.975177 0.010010 9742092 0.0000
N N “ariance Eguation “ariance Equation
“ariance Equation
C -0373594 0130750 -2.857317 00043 C 0.000436  0.000163  2.674341 0.0075
C 000023 0000405 2539172 001N |RESKSOR[GARCH].. 0157909 0047557 3320392 (00009 ARCH(1) 0020209 0017133 1479198 0.2383
ARCH(T) 0082545  0.031575 2514274 0.0083 RES/SOR[GARCH]) -0.046342 0023248 -1.993377  0.0462 (RESID<0J*ARCH{1) 0099265 0038378 2586508  0.0097
GARCH(T) 0826457 0049836 1656350  0.0000 EGARCH(T) 0943799 0024775 38.0%431 00000 GARCH(T) 0502551 0021743 A1.50920  0.0000
R-squared 0993228 Mean dependent var 4 BEBE21T R-squared 0.983251 Mean dependent var 4.963621 R-squared 0.993229  Mean dependent var 4. 966621
Adjusted R-squared 0993122 5.0 dependent var 1.3620838 Adjusted R-sguared 0993125  S.D. dependent var 1.362088 Adjusted R-squared 0993102 S.0. dependent var 1.362088
S.E. of regression 0112960  Akaike info criterion -1.688421 S.E. of regression 0112941 Akaike info criterion -1.601392 S.E. of regression 0113124 Akaike info criterion -1.597947
Surm sguared resid 4095520  Schwarz criterion -1.518380 Sum squared resid 4.081784  Schwarz criterion -1.520261 Sum squared resid 4.095060  Schwarz criterion -1.516817
Log likelihood 2657068  F-statistic 9415.864 Lag likelihood 268.8275  F-statistic 7849384 Log likelihood 268.2644  F-statistic 7823764
Durbin-Watsan stat 18468777 ProbiF-statistic) 0.000000 Durbin-Watson stat 1.851877  Prob(F-statistic) 0.000000 Durbin-¥atson stat 1.843058 Prob(F-statistic) 0.000000

What characteristic of the data do the EGARCH and GJR model capture that GARCH does not?

Based on the outputs, indicate which of the models you would chose and whether the characteristics
indicated in i) is present in the data.

Explain how the GARCH-in-mean model works and why it may be interesting to consider.

Considering that your sample has 327 observations, of which the last three are 3.103, 3.099, 3.104, and
that you saved 5 for forecast evaluation (3.119, 3.291, 3.158, 3.101, 3.26) compute a 5 step ahead forecast
and the corresponding Root Mean Forecast Error, using the conditional expectation of the bond given in
the GARCH output.

Present the s-step ahead forecast xpression from a GARCH(1,1) such as 07 = a9 + aqui_; + fo7_;.

Consider the Fama and French two factor model,
rie —1f =c+ B(mkty —rf) + ¢ SMBy + poHM L, + & (1)

applied to the returns of Apple stocks. Considering a sample of monthly data from 1988:07 - 2007:09 the
following least squares estimates where obtained:



Dependent Wariahle: APFLE_Ex
Method: Least Squares
Date: 12119711 Time: 10:52

Sample (adjusted): 1988M07 2007M09
Included obhservations: 231 after adjustments

Yatiable Coefficient Std. Errar tStatistic Frob.
o] 0.017147 0.008485 2.018733 0.0445
MkT_EX 1.078052 0.239547 4.500375 0.0000
SMB 0.004584 0.002642 1.848407 0.0658
HML -0.006996 0003245 -2.155862 003
R-zquared 0.209433 Mean dependent var 0.018314
Adjusted R-gquared 0188985 S5.0. dependentvar 0141882
S.E. of regression 0.126884  Akaike info criterion -1.272349
Surm squared resid 3.660353  Schwarz criterion -1.212740
Log likelihood 1509563  Hannan-Guinn criter -1.248307
F-statistic 20.04524  Durhin-Watson stat 1.914971
FrohiF-statistic) 0.000000

a) Considering the following output, what can you conclude with regards to normality of Apple stocks excess
returns?

a0
Series: APPLE_EX
M Satnple 1350M01 2007K09
404 Chservations 231
Mean 0015314
304 . Median 0.00&8090
Maximuim 0.445352
Mirimum -0552536
204 Std. Devw. 0141852
Skewness -0.137395
Kurtosis 3964035
104
Jargque-Bera 9672835
Prabxability 0.007935
D ’_! T T | T T T | T T T T | T T T | T
-0 0.4 -0z -0 0.2 0.4

b) The following two models (GARCH and GJR) where estimated

DependentVariahle: APFLE_EX Dependent Wariable: APPLE_EX

method: ML - ARCH iMarguardty - Mormal distribution
Date: 1211811 Time: 11:01

Sample (adjusted): 1988M07 2007M03

Included ohservations: 231 after adjusiments
Convergence achieved after 48 iterations

Method: ML - ARCH (Marguardt) - Mormal distribution
Date: 1219711 Time: 11:00

Sample {adjusted): 1988M07 2007M03

Included observations: 231 after adjustments
Convergence achieved after 57 iterations

Presample variance: (parameter=0.7)
GARCH = C(5) + C(E)*RESID{-1)"2 + C{TP*RESID-1)"2*RESID-1)=0) +
C{EGARCH(-1)

Presample variance: hackeast (parameter = 0.7)
GARCH = Ci8) + CIE*RESID(-132 + CT™GARCHE-1)

Variahle Coeficient Std. Error - z-Statistic Praoh. variable Coefliclent  Sid.Cror | z.Ctatistic Prob
c 0.013557  0.008697 1558854  0.1190 - 0012905 0000638 1453871 01383
MKT_EX 1086313 0.265474 4081980  0.0000 MK EX 1100613 0263522 4210699  0.0000
SME 0006330 0002608 2FEETET 00057 firers OO0G457  DO07543  2A488E8 00108
HwL -0.007718 0003583 -2.154091 00312 HL -0.007963 0003551 -2.747493 0.0249
Wariance Equation Variance Equation
o] 0.001152 0.000818 1.408033 01581 c o0.o01091 0.000848 1.287247 0.1980
RESID{-1)"2 0083110 0.050832 1631779 01027 HESLD('”"Z 0.043374 0.053533 0.900353 0.3677
GARCH( 1) NB4AE3T  00G06Z4  G3473A0 00000 RESIDG-1pZ7(RESIDE1)=0)  0.058669 0070556 0831805  0.4059
GARCH(-1) 0.856900 0.091539 9.3610738 0.0000
R-squared 0205144  Mean dependent var 0018314
Adjusted R-squared 0194638 5.D. dependentvar 0141882 Feequared 0205382 Mesn dependentvar 0018314
! - Adjusted R-squared 0.194881 3.0 dependentwar 0.141882
S.E. of regression 0127328  Akaike info criterion -1.304268 S.E. of regression 0427309 Akaike info criterian 1 708303
Sum squared resid 3.680211  Schwarz criterion -1.199852 Sur squared resid 3679108 Schwarz criterion 1180585
Log likelihood 1576428 Hannan-Quinn criter. -1.262183 Log likelihood 158,1272  Hannan-Quinn criter.  -1.251718
F-statistic 9.764392 Durbin-Yvatzon stat 1.821114 F-statistic 8381712  Durbin-Watson stat 1.817400
Prab(F-statistic) 0.0ooooo Prab(F-statistic) 0.000000

b-i) What restrictions need to be imposed on the parameters each volatility model for it to be valid?
b-ii) Based on the results presented which model would you choose and why?

¢) Assuming that some of the exogenous variables may impact volatility as well, the alternative volatility
model was estimated:



Dependent Yariable: APPLE_EX
hethod: ML - ARCH (Margquardt) - Normal distribution
Date: 12019711 Time: 11:07
Sample {adjusted): 1988M07 2007M09
Included ohservations: 231 after adjustments
Convergence achieved after 23 iterations
Presample variance: backeast (parameter= 0.7)
GARCH=C(8) + CE"RESID{-1)"2 + C{T"RESID{-2)"2 + C{(B)"RESID{-3)"2
+ CIW*RESID-4)2 + S0 O0*HML

Watiable Coeficient  Std. Error  z-Statistic Prob
cC 0.017422 0.008075 2187447 0.0310
MKT_EX 1.086565 0.214085 5.074381 0.0000
ShiB 0.004306 0.002265 1.901059 0.0573
HML -0.004929 0.003046  -1.617936 0.10a7

Yariance Equation
c 0.007955 0.002101 3.785678 0.0002
RESID{-1)"2 0.072880 0.065350 1115218 0.2648
RESID{-2)"2 0.026180 0.068478 0.382321 0.7022
RESID-3)"2 0131740 0.098342 1.3397T16 01803
RESID{(-4)"2 0.268180 0120048 2233672 0.0255
HML 0.0009a7 0.000523 1.828955 0.0674
R-squared 0.206571  Mean dependent var 0018314
Adjusted R-sguared 0.196085 5.0. dependentvar 0.141882
S.E. of regression 0127214 Akaike info criterion -1.305466
Sur sguared resid 3673604  Schwartz criterion -1.156443
Log likelihood 1607813 Hannan-Quinn criter, -1.245360
F-statistic B.56BBE0  Durbin-¥alson stat 1.915436
FrobiF-statistic) 0.000000

c-1) What type of volatility model was estimated.
c-ii) Compute the unconditional variance.

Q.3 Consider that for the first difference of the variable SPy, the following model was estimated:

Table 2.1: Model for DSP;

Dependent Variable: DSP

Method: ML - ARCH {Marguardt) - Mormal distribution

Date: 12114111 Time: 14:08

Sample {adjusted): 31120

Included ohservations: 1118 after adjustments

Convergence achieved after 87 iterations

Presample variance: backeast (parameter=0.7)

GARCH = C(3) + CH4Y*RESID(-11"2 + C(S*"RESIDE1 2 (RESIDE11=0) +
C{B*GARCH-1)

Wariahle Coeficient Std. Errar Z-Statistic Froh.
o -0.011804 0.046149  -0.255773 07981
DSPE1 -0.152614 0.040097  -3.806111 0.0001

Wariance Equation

C 0.539719 0.049707 10.85803 0.0000
RESID{-1"2 0.408318 0.040682 10.03677 0.0000
RESID(-13*3*(RESID{-13=0; -0.258921 0.048458  -5.343245 0.0000
GARCHI-1) 0.573640 0.029680 19.32763 0.0000
R-sguared -0.010230  Mean dependent var 0.040250
Adjusted R-squared -0.011136 5.D. dependent var 1.752141
S.E. of regression 1.761870  Akaike info criterion 3.718426
Sum squared resid 3464270 Schwarz criterion 3.745363
Log likelihood -2072 600 Hannan-Guinn criter. 3728609
Durbin-watson stat 1.783040

(a) Indicate what model is estimated in Table 2.1 and write down its functional form.

(b) What are the parameter restrictions that have to be observed for a model, as the one that was estimated
in Table 2.1, to be valid? Do the results presented satisfy those restrictions.

(¢) What is the main difference between the model estimated in Table 2.1 and a pure GARCH(1,1) model.

(d) Cousider the following Figures of the graph of the standardized residuals, the autocorrelations associated
with the square of the standardized residuals and the histogram of the standardized residuals.



Figure 2.1: Graph of Standardized Residuals Figure 2.2:Correlogram of Standardized Residuals Squared
Date: 12114111 Time: 14:24

10 Sarple: 11120
5 Included ohservations: 1118
Autocarrelation Fartial Caorrelation AC FPAC  G-Stat  Prob
6
[l i 1 -00016 -0.016 0.2812 0.596
44 [l i 2 -0.014 -0.014 04922 0.782
1] 11 3 0013 0013 06801 0.878
2 i i 4 -0.006 -0.006 0.7241 0.948
[l i 5 -0.015 -0.015 089930 0.963
i i Lt L R R R Mlu‘\.”\_.‘ I ‘\u (LML R L “_L‘“‘\‘ | I I § -0.015 -0.016 1.2620 0.074
ALY L AL [ B | | 7 -0.032 -0.033 2.4340 0.932
2 [l i 8 -00159 -0.020 28372 0.4944
I I 9 0.036 0.034 42795 0.892
4] 11 11 10 0012 0013 44352 0926
[l i 11 -0.022 -0.022 5.0063 0831
g [l i 12 -0013 -0.016 52101 0.951
B e e I o 13 0018 0017 56285 0.954
250 500 7 rm | | 14 0032 0037 67669 0.943
 standardized Residuals ‘ i i 15 -0.004 -0.002 67816 0963

Figure 2.3:Histogram of Standardized Residual

400
_ Series: RESIDO
250+ Sample 1 1120
Ohservationz 1118
300
Mean 0.019909
2504 Median 0.009329
haximum TEETT42
4y Minimum -5 260196
1504 Std. D, 1.000139
Skewwness 1.343630
1004 Kurtosis 13681242
50 Jargque-Bera 5732377
Probakility 0.000000
L o o o B L LI e o

What do these plots tell you about whether or not the model estimated in Table 2.1 appears to fit volatility
well.

(e) What do these plots tell you about the validity of the conditional Normality?

(f) Given the following output and the output in Table 2.1 indicate whether the model provided in Table 2.1
is more suitable by testing the joint significance of the additional regressors.

Dependent Yariable: DSP

Method: ML - ARCH (Marquardt) - Maormal distribution

Date: 12114111 Time: 16:16

Sample (adjusted): 3 1120

Included ohservations: 1118 after adjustmenis

Convergence achieved after 59 iterations

Presample variance: backcast iparameter=0.7)

GARCH = G(3) + G RESIDE1Y2 + G5/ RESID- 12 (RESID-13=00) +
C{E*RESID{-2)"2 + C(7)*RESID-3)*2 + C{3*GARCH{-1)

Wariable Coefficient Std. Eror z-Gtatistic Prah.
c -0.062782 0038157 -1.645381 0.0939
DEPE-1) -0.140252 0.020860  -B.723350 0.0000

Variance Equation

c 0.095339 0.033057 2.884078 0.0039
RESIDE-1)"2 0.095322 0.032885 2.898641 0.0037
RESID-1y*2*RESID¢-13=00  0.028688 0.019307 1.485898 01373
RESID{-2)"2 0.416507 0.050930 8169975 0.00an
RESID{-3)"2 0.453752 0.032579  -13.92760 0.0000
GARCHI(-1) 0.912969 0.030993 29.45744 0.0000
R-sguared -0.010487  Mean dependentvar 0.040250
Adjusted R-squared -0.011403 S.D. dependentvar 1752141
S.E. of regression 1.762103  Akaike info criterion 3710124
Surn sgquared resid 3465186  Schwarz criterion 3.746040
Log likelihood -2065.959  Hannan-Quinn criter. 3723700
Durhin-Watson stat 1.802214

(g) Assuming that the last three volatility estimates where o2, =1.63, 02._; =3.13 and 02 =3.04, and
that 43 = 0.7, compute forecasts for 07.,,, 07,5 and o7, ;. How would you evaluate the quality of these
forecasts?



