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1. (2.5 points) True or false

i. The simple exponential smoothing method is an adequate method to forecast series
that present trend and seasonality.

O True O False

ii. In order to filter out the erratic component of a series, we can use the method of
moving averages.

0] True (] False

iii. The process y; = y;_1 + €¢; where ¢, ~ W N, is second order stationary.
0 True (] False

iv. The Box-Cox transformation can be used to remove seasonality from a time series.
L] True (] False

v. Given a set of candidate models for the data, the preferred model is the one with
the maximum AIC value.

O True O False

2. (2 points) Consider the following table that contains information about the adjustment
of a model applied to the quarterly series of the number of unemployed individuals in a
country. Given that the observed value for 2004Q2 was 1520 obtain the forecast for the
periods 2004Q3 and 2004QA4.

Sample: 19810Q1 200401
Included observations: 61
Method: Holt-Winters Additive Seasonal
Original Series: UNEMPLOYED
Parameters: Alpha 0.6700
Beta 0.5000
Gamma 0.0000
Sum of Squared Residuals 4489005
Root Mean Squared Error 85.78475
End of Period Levels: Mean 1432 857
Trend 2263393
Seasonals: a1 -9.018304
o2 4184970
Q3 15.98824
o4 -11.15491

3. (1 point) Consider the following process X; = 2.540.5¢;_1+0.3¢;_1 +¢€; where ¢, ~ N (0, 1).
What is the unconditional expected value of the process?

0o 025 0125 3.2



4. (1 point) Consider the following process : Y; = fY;_1 + 0.5Y;_5 + ¢,. Find the range of
values of # that make the process stationary.

5. (1 point) Write in equation form the process Y; that follows an ARIM A(1,0,1)(0,0,1)4
and show that the process is equivalent to an ARIM A(p, d, q) with restrictions on the
parameters. Specify these restrictions.

6. (2 points) The next figure illustrates the time series plot, SACF/SPACF and part of the
EViews output for a statistical test applied to the series IN D P RO, (Industrial Production
Index).

(a) Do you think that INDPROQO; is stationary? Justify your answer using the informa-
tion provided in Figures 1 and 2.

Autocorrelation Partial Correlation AC PAC Q-Stat  Prob

0.9280 0980 11820 0.000
0.957 -0.099 231.80 0.000
0.930 -0.098 34001 0.000
0898 -0.124 44182 0.000
0.858 -0.204 53563 0.000
0.819 0038 62184 0.000
0777 -0.067 70010 0.000
0736 0.054 77099 0.000
0695 -0.016 83464 0.000
10 0654 -0.018 891.50 0.000
11 0614 0036 94218 0.000
12 0580 0078 98777 0.000
13 0547 0016 10287 0.000
14 0516 -0.033 10655 0.000
15 0485 -0.041 10983 0.000
16 0455 -0.054 11274 0.000
17 0426 -0.005 11533 0.000
g 18 0401 0088 11764 0.000
il 19 0379 0066 11972 0.000

! 20 0.357 -0.051 12158 0.000
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Figure 1: INDPRO plot
Figure 2: INDPRO correlogram

(b) Do you find evidence for the presence of a unit root? Justify your answer using
the information provided in Figure 3 and explain whether this reinforces or weakens
your answer to question (a).

Mull Hypothesis: INDPRO has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 {Automatic - based on SIC, maxlag=12)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -1.825893 0.6860
Test critical values: 1% level -4.036983

5% level -3.448021

10% level -3.149135

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(INDPRO)

Method: Least Squares

Sample (adjusted): 2008M10 2018M08
Included observations: 119 after adjustments

Wariable Coeflicient Std. Error t-Statistic Prob.
INDPRO{-1) -0.041130 0.022526  -1.825893 0.0704
C 3.776025 2.078829 1.816420 0.0719
@TREND("2008M097) 0.007279 0.003403 2139078 0.0345
R-zquared 0.037978 Mean dependentwvar 0.099599
Adjusted R-squared 0.021391 5.0. dependentvar 0.640842
S.E. of regression 0.633950 Akaike info criterion 1.9511495
Sum squared resid 46.61960 Schwarz criterion 2021257
Log likelihood -113.0961 Hannan-Quinn criter. 1.979645
F-statistic 2.289663 Durbin-Watson stat 1.281058
Prob(F-statistic) 0.105861

Figure 3: INDPRO unit root test



7. (1.5 points) The next figure shows the SACF/SPACF of a time series. Propose two can-
didate ARMA models that may provide a good fit to the series. Justify your options in
detail.

Autocomelation Partial Comelation AC PAC Q-Stat  Prob

0.328 0328 59701 0.000
0.257 0167 96.320 0.000
0.247 0134 12864 0000
0.197 0.069 15022 0.000
0.066 -0.0v4 15263 0.000
0.092 0.026 15743 0.000
0083 0023 161371 0.000
0.083 0.040 16516 0.000
0106 0.067 17153 0.000
0.080 0.001 17512 0.000
0.051 -0.018 17653 0.000
12 -0.006 -0.071 17660 0.000
13 -0.025 -0.048 17696 0.000
14 -0.032 -0.014 17753 0.000
15 -0.021 0012 17778 0.000
16 -0.046 -0.021 17523 0.000
17 -0.031 -0.007 17954 0.000
il 18 0.033 0.061 18018 0.000
I 19 -0.018 -0.033 18036 0.000
I 20 -0.010 0002 180471 0.000
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8. (1.5 points) The following figure illustrates the correlogram and histogram of the residuals
from an estimated model. With the available information, do you think that the model
is adequately specified? Justify your answer.

Autocorrelation Partial Correlation AC PAC Q-Stat Prob

o

-0.106 -0.106 0.6076
-0.285 -0.401 87868 0.003
0.105 0.007 94100 0.009
-0.020 -0.191 94329 0.024
-0.025 -0.008 9.4704 0.050
0127 0.052 10423 0.064
-0.012 0022 10447 0107
-0.073 0004 10784 0.148
-0.188 -0.254 13.066 0.110
-0.039 -0.147 13168 0.155
0.400 0266 23972 0008
0.045 0113 24111 0.012
-0.313 -0.073 31.074 0.002
£ X 31.232 0.003
-0.004 -0109 31232 0.005
-0.091 -0.076 31871 0.007
0.017 -0.223 31.895 0.010
0.040 0103 32026 0.015
-0.063 -0.081 32362 0.020
-0.041 0058 32510 0.027
-0.056 -0.090 32794 0.036
0271 0169 239.655 0.008
23 0021 -0.059 39696 0.012
24 0229 0016 44955 0.004
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9. (2 points) Given the following estimated model for the process Y; and the last two obser-
vations yr = 2.5 and yr_; = 2.3, obtain the one step-ahead forecast fr; and the variance
of the forecast error o, T

Dependent Variable: ¥

Method: ARMA Maximum Likelihood (OPG - BHHH)

Sample: 199001 200203

Included observations: 51

Convergence achieved after 10 iterations

Coefficient covariance computed using outer product of gradients

Variable Coefiicient Std. Errar -Statistic Prob.
C 2297473 0.125209 18.34915 0.0000
AR(1) -0.245974 0160855  -1.529163 0.1328
R-squared 0.061463 Mean dependentvar 2.294340
Adjusted R-squared 0.022357 S.D. dependentvar 1.129905
S.E. of regression 1117203 Akaike info criterion 317779
Sum squared resid 59.91081 Schwarz criterion 3231416
Log likelihood -76.50337 Hannan-Quinn criter. 3.161203
F-statistic 1571718 Durbin-Watson stat 2186875
Prob(F-statistic) 0.218189
Inverted AR Roots -25

10. (2.5 points) Next figure illustrates Eviews results of an estimated model for the daily returns of
an index from January 1, 2001 until September 30, 2011.

Variable Coefficient Std. Error Z-Statistic Prob.
C 0.023 0.005 4. 458 0.0000
AR(1) 0.064 0.020 321 0.0013

Wariance Equation

C 0.001 0.000 2812 0.0049
RESID(-1)"2 0.058 0.004 15.536 0.0000
GARCH(-1) 0.940 0.005 198.17 0.0000

R-squared -0.001035 Mean dependentvar 0.023609
Adjusted R-squared -0.001407 S.D. dependent var 0.367533
S.E. of regression 0.367791 Akaike info criterion 0.564634
Sum squared resid 364.0128 Schwarz criterion 0.575585
Log likelihood -755.2792 Hannan-Quinn criter. 0.568594
Durbin-Watson stat 1.895248

Moreover the realized values of the returns for the last 5 days of September 2011 and corre-
sponding estimated values according to the previously estimated model are the following:

Observed Values | Fitted values
26/11/2011 0.027 0.032
27/11/2011 -0.349 0.063
28/11/2011 0.050 0.023
29/11/2011 0.844 0.047
30/11/2011 -0.134 0.021

(a) Write explicitly the standard mathematical form of the estimated model.

(b) Obtain the forecast estimate of the volatility for 31/11/2011, knowing that the estimated
volatility for 30/11/2011 is 0.224.



11. (2 points) Considering the information presented below regarding the PSI20 Index, identify
and describe two stylized facts of financial time series evident in the data (closing prices
and respective returns).

Autocorrelation  Partial Carrelation AC  PAC Q-Stat Prob
| | 1 0892 0992 50661 0.000
| — o 2 0.982 -0.097 10044 0.000
| — qr 3 0071 -0.081 14919 0.000
 — i 4 0.959 -0.029 19687 0.000
| — i 5 0948 0021 24352 0.000
| — i 6 0.937 0027 28918 0.000
| S— " 7 0926 0009 3339.2 0.000
T | — i 8 0916 -0.015 3777.2 0.000
| —| i 9 0.905 -0.028 42057 0.000
Shon | — i 10 0894 0011 46250 0.000
| — p 11 0.885 0.069 5036.3 0.000
f — ! 12 0876 0.043 54404 0.000
| — i 13 0.868 -0.026 5837.4 0.000
=600 ) — g 14 0859 0028 62272 0.000
| S—] i 15 0.850 0.004 6610.0 0.000
| = " 16 0.842 0.021 6986.0 0.000
5,200 = i 17 0.833 -0.003 73552 0.000
[ — o 18 0.824 -0.084 77167 0.000
J f — i 19 0.814 0.003 80705 0.000
4800 | — i 20 0.805 0.014 B416.8 0.000
1 — i 21 0795 0007 87557 0.000
| [ i 22 0786 -0.011 9087.2 0.000
] | i 23 0776 0.007 94116 0.000
| i 24 0767 -0.012 9728.9 0.000
R | — i 25 0758 -0.014 10039 0.000
S i 26 0748 0016 10342, 0.000
S Bl U = i 27 0739 0.008 10638. 0.000
| — P 28 0732 0.069 10930. 0.000
== ! 29 0725 0047 11217. 0.000
. S i 30 0719 -0.027 11499, 0.000
Flgure 4: PSI20 1 — i 31 0712 -0.054 11776. 0.000
1 [— i 32 0705 -0.004 12049. 0.000
1 — i 33 0.697 -0.008 12316. 0.000
] ! 34 0590 0.050 12578. 0.000
1 p— i 35 0.683 -0.011 12836. 0.000
] i 36 0.676 -0.055 13088. 0.000
Figure 5: PSI20 correlogram
Autocorrelation Partial Correlation AC PAC Q-5Stat Prob
5] 5] 1 0104 0.104 55423 0.019
] T 2 0.048 0.038 67472 0.034
! ! 3 0.052 0.044 81557 0.043
o o 4 -0.086 -0.099 11.994 0.017
i il 5 0.024 0.039 12287 0.031
i i 6 0.003 0.002 12292 0.056
i i 7 -0.036 -0.030 12975 0.073
R i i 8 -0.011 -0.017 13.044 0.110
i i 9 -0.050 -0.040 14.337 0.111
03 o o 10 -0.102 -0.091 19.765 0.032
q i 11 -0.070 -0.053 22317 0.022
and il i 12 -0.003 0.022 22322 0.034
il il 13 0.026 0.033 22686 0.046
i i 14 -0.001 -0.018 22.686 0.066
oL T i 15 0.015 0.008 22.808 0.08%
i i 16 -0.004 -0.005 22817 0.119
00 o 5] 17 0110 0.115 29.252 0.032
Y i[ 18 0.019 -0.015 29450 0.043
,_m{ i i 19 0.007 -0.007 29.478 0.059
i i 20 -0.033 -0.062 30.068 0.069
i il 21 0.006 0.027 30.085 0.090
sl i i 22 0014 0009 30184 0114
i i 23 -0.007 -0.001 30214 0.143
03 . ‘ ‘ ‘ ‘ . i i i 24 -0.024 0.028 30526 0.168
\'2 | I M I\ | 1 M i H m 25 0002 0.013 30528 0.205
s i o il il 26 0.027 0.039 30925 0.231
qr i 27 -0.068 -0.059 33.417 0.184
i i 28 -0.059 -0.044 35295 0.161
i il 29 0.016 0.030 35436 0.191
. ] ! 30 0.052 0.052 36888 0.180
Flgure 6: PSI20 returns i i 31 0.016 -0.007 37.024 0.211
i i 32 -0.023 0.039 37.308 0.238
i i 33 -0.049 -0.036 38.607 0.231
i i 34 0.021 0.022 38861 0.260
" T 35 0.022 0.023 39136 0.289
i i 36 -0.007 0.015 39.162 0.330

Figure 7: PSI20 returns correlogram
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45937
46.193
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53.480
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571727
61.682
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63.114
63.119
63.136
63.370
65.027

0.002

Figure 8: PSI20 squared returns correlogram

90
= Series: RETURN
55 Sample 10/31/2016 10/30/2018
70 4 ] Observations 511
60 =i Mean 0.000144
Median 0.000148
2 Maximum 0.027325
40 Minimum -0.028262
Std. Dev. 0.007499
30 + Skewness 0.034453
20 4 Kurtosis 4.394903
10 | Jarque-Bera 41.52947
a - Probability 0.000000

0.00 0.01

Figure 9: PSI20 correlogram




