IENAC17/ FORECASTING FINAL EXAMINATION

Date: Monday 27 May 2019.
Time allowed: 2 hours (08:00-10:00).
Answer all questions briefly.
Show all computations (including relevant critical values).
You are allowed all lecture handouts and notes, but no textbooks.
An English-French dictionary is allowed, as is a scientific calculator.

Question 1 is for 70 marks. Question 2 is for 50 marks.

You are given a cross-sectional dataset with 50 observations. It contains information on the
state-by-state outcomes of the 1992 U.S. Presidential Election. (There were three major
candidates: the incumbent Republican President George H. W. Bush, the Democratic
Arkansas Governor Bill Clinton, and the independent Texas businessman Ross Perot. Bill
Clinton won a plurality (43%) of the nationwide vote, i.e. the largest number of votes
by any candidate, without gaining an absolute majority of 50%. He also won a large
majority of electoral college votes, and was elected 42nd President of the United States.)
The variables are DVOTE (the percentage of votes cast for the Democratic candidate in
the 1992 election), DEM (= 1 if the Democratic candidate received a plurality of the state
vote), UN (the state unemployment rate in 1992), FEDFUNDS (per capita federal spending
in 1992, i.e. government expenditure by state), DEFENSE (defense contract awards per
1000 population in 1992, i.e. number of U.S. Department of Defense contracts awarded to
each state), CRIME (total crime rate per 100,000 population in 1992, by state), NE (=1
for northeastern states), S (= 1 for southern states), W (= 1 for western states). Note that
the location dummies are not exhaustive. This is used in Question 1. You are also
given a time-series dataset with 170 observations, on the quarterly U.S. nominal interest

rate (percentage), denoted Y, from 1960Q1 to 2002Q2. This is used in Question 2.
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Question 1

e This question uses the 1992 U.S. Presidential Election data (refer to Figures 1—
10). We will use this data to construct models to explain whether the Democratic

candidate received a plurality of votes in a state.

(a) Perform a brief preliminary analysis of the variables, and explain your findings.

Refer to the descriptive statistics, bivariate correlations, and histograms.

(10 marks)
(b) Discuss the output from the probit model (EQOa) for DEM.

(10 marks)

(c) For EQOa, compute the estimated marginal effects evaluated at the mean. You

do not need to interpret their economic significance.
(15 marks)

(d) For EQOa, interpret the response curves of estimated probability against UN,
for (S=0 and W= 0), (S= 0 and W= 1), and (S= 1 and W= 0).

(5 marks)

(e) For EQOa, discuss the table of hits-and-misses. What would be the overall

percentage of correct predictions for the “naive” model?

(5 marks)
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(f) In the logit model (EQOb) for DEM, why are the estimated coefficients larger

than those in the probit model EQOa?
(5 marks)
(g) For EQOb, compute the estimated odds-ratio at the mean.
(10 marks)
(h) Why is the log-likelihood always negative in a discrete choice model?
(5 marks)

(i) For EQOc, test rigorously for first-order autocorrelation using the asymptotic

distribution of the Durbin-Watson statistic. Does this agree with Breusch-Godfrey?

(5 marks)

questions continue overleaf
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Question 2

e This question uses the U.S. interest rate data (refer to Figures 11-34). We use

this data to construct a medium-term dynamic forecast of the nominal interest rate.

(a) Discuss the validity and quality of the ARMA(1,2) model for Y;.
(10 marks)
(b) Discuss the validity of the MA(2) model for AY;, and the quality of its forecast.
(15 marks)

(c) Write down the theoretical ACFs for the MA(1) and MA(2) in EQ04 and EQ05.

Hint: You are not required to give a formal proof here.
(5 marks)

(d) Using your answer to question (2c), substitute in the estimated coefficients from

EQO04 and EQO05 and simplify, giving your answers to 1 decimal place.
(5 marks)

(e) Show that the following model is nonstationary:

w=y1+e; t=12,....T, & ~1iid(0,02); initial value yo.
(10 marks)

(f) Explain why the following model is stationary:

Y=o+ + Bigi 1+ Bagio; t=1,2,....T; & ~1id.(0,02); initial value yp.

(5 marks)
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DVOTE ~ DEM W FEOFUNDS DEFENSE  CRME NE 5 W
Mean 206600 OBGOOOD  GR22000 5181040 0434820  G220800 0180000  0.340000 0180000
Median J2R0000 1000000 G000 4446000 0317000 4116500  0.000000 0000000 000000
Madmum BARIOD 1000000 1130000 37400 2625000 1140700 1000000 1000000 1.000000
Minirmum 70000 0000000 3000000 3523000 DO4B000 2810000 D00OOOD  0000OCD 01000q0D
St Dey BOBAT (47018 1A9B33  4ZATHL DI 1G09231  DOBR0AD  047RAIB 037038
Shewngss LT X O I B X R O R T VA DO
Kurtosis (360697 T4B63I6  3ATRIAD  MATBNT 1950413 TAOT23 ATTAORR 146318 4440478
Jaue-Bera 277000 BT6TIGT  DROGID  3BBAMBe 4DM4BAD  4B4303 MDD BTATIAT 3200
Probanilty oooooor 001481 0740237 0000000 0000000 - D000OOD 000000 0012481 0000000
Sum 08300 3300000 401000 280570 2174600 JRA0S00 BOOOOOD  17.000CD  @oooqoo
Smog. Dev. 3689312 M2000 1252258 B7GE0R  G73M0R  TMOES08 7300000 1022000 6720000
Observations il dl dl il dl dl il dl dl

Figure 1: Descriptive statistics.
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Correlation DVOTE DEM UN FEDFUN.. DEFENSE  CRME NE 5 W
DVOTE 1.000000
DEM 0564065 1.000000
UN 0373022 0235434 1.000000

FEDFUNDS 0710951 0085568 0162018 1.000000
DEFENSE 0570452 0063060 07235681 06510263 1.000000

CRIME 0460535  -0003063 (0212877 0591485 0547270 1.000000

NE 0116034 0336277 0298407 0057815 0.118831 -0.278856  1.000000

5 0282626 0197861 0171434 0200139 0161284 0251080 -0.336277 1.000000

W 0280157 0032246 0078458 0046351 0093258 0.156114 0204478 -0.313248 1000000

Figure 2: Bivariate correlations.
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Dependent YWariahle: DEM

Method: ML - Binary Probit (Quadratic hill climbing)

Oate: 04/25/19 Time: 15:07

Sample: 1 &0

Included ohservations: 50
Convergence achieved after & iterations
Covariance matrix computed using second dervatives

Wariable Coefficient  Std. Error z-Statistic Frob.

Z -1.3406E6R 1075362 -1.246711 02125

CRIME -5 11E-05 0000183  -0279716 07797

DEFENSE -0 487755 0 BE4EED  -0.540970 0 5885

FEDFUNDS 8 2BE-05 0.000104 0798126 04248

LI 0329023 0. 144984 2 Z2R9387 00232

= -0.873189 0470434 -1B56135 0. 0634

L -0 41878k 0585116  -0.715733 04742

McFadden R-squared 0146585  Mean dependent wvar 0.6BO0O00

= 0. dependent wvar 04783518 S E. of regression 0460428

Akaike info criterion 1374139 Sum sguared resid 8118751

Schwarz criterion 1841822  Log likelihood -27 35348

Hannan-Cuinn criter. 1476075 Festr log likelihood -32 08177

LK statistic 8 386587 Awvg. log likelihood -0.847070
Frob(LF statistic) 0152472

Ohs with Dep=0 17 Total ohs al
Ohs with Dep=1 a4

Figure 4: EQOa: Probit model.
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Figure 5: EQOa: Coefficient covariance matrix from probit model.
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Dependent Yariahle: DEM
Method: ML - Binary Logit {Quadratic hill climbing)
Diate: 04/22/19  Time: 1510
Sample: 1 50
Included observations: 40
Convergence achieved after & iterations
Covariance matrix computed using second dervatives
YWariable Coefficient Std. Error zZ-Statistic Frob.
Z -2.442380 1.888387  -1.2095426 0.1852
CHIME -8.02E-045 o.oooz308 o -0.2539889 0.7544
DEFEMNSE -0.818580 1.438882  -0.568900 056594
FEDFLUMDS 0.ooo14a 0.0001596 0.7o6648 044483
LI 0580741 0260384 2230235 0.0257
5 -1.238007 0819627  -1.8768472 00606
1 -0.77E971 04884041 -0.7831629 04344
hMcFadden RE-squared 0.1520361  Mean dependent war 0.6E0000
= 0. dependent wvar 0478518 S .E. of regression 04597149
Akaike info criterion 1.368298  Sum sguared resid § 087HEE
Schwarz criterion 1636981  Log likelihood -27 23244
Hannan-Ciuinn criter. 1471243 Restr. log likelihood -32.08177
LR statistic 8 B38664  Awvg. log likelihood -0.5446449
Frob(LR statistic) 0140717
Ohs with Dep=0 17 Total obs al
Ohbs with Dep=1 a4

Figure 6: EQOb: Logit model.
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Dependent Yariable: DYVOTE

Method: Least Squares

Date: 04725119 Time: 15:12

sample: 1 &[0
Included ohservations: 40
Yariable Coefficient  Std. Error t-Statistic Prob.
2488061 4198474 5428434 (0.0000
CRIME 0000546 0000698 0782597 04382
DEFEMNSE -3.040407  A26BA73 -0H30166 03575
FEDFLNDS 0001448 0000333 4553515 0.0001
1310800 061752 2574629 (00136
0516183 1828284 0282330 07790
-DBHaEEE 2356125 2416854 0.0200
F-sguared 0639370  Mean dependent var 47 1aR00
Adjusted R-sguared 0589020 5.0 dependent var 0522803
=.E. of regression 5463608 Akaike info criterion B.363273
Sum sguared resid 1283594 Schwarz criterion b B30956
Log likelihood -152.0818  Hannan-Gluinn criter, b 465208
F-statistic 1270598 Durbin-\Watson stat 1.687490
Frob(F-statistic) [.000000

Figure 7: EQOc: Linear model for DVOTE.
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Ereusch-Godfrey Serial Correlation Lk Test:

F-statistic 2B23201  Prob. F(2.41) 0.0847
DObs*R-squared 5 672227  Prob. Chi-Sguare(?) 0.0287
Test Equation:
Dependent Wariable: RESID
Method: Least Squares
Date: 042519 Time: 17:98
Sample: 150
Included ohservations: 20
Fresample missing value lagged residuals setto zero.
“Wariable Coefficient Std. Error t-Statistic Froh.
€ -0.720123 4 013664 -0.1739418 08585
CRIME 0.000108 0.000B62 0.164518 0.8701
DEFEMSE 0104377 3.1032649 0.033635 09733
FEDFUMNDS 2 BBE-02 0.0003145 0.085038 0.9326
LI 0.004252 0484245 0.008782 0.9930
= -0.227405 1.744465  -0.130358 089649
WA -0.017812 2244845 -0.007935 09937
FESID-1) 0106647 0150560 0.708337 04827
RESID-2) -0.334117 0147816 -2.2603549 0.0292
FH-zquared 0.113445 Mean dependent war -6.04E-16
Adjusted R-squared -0.010261 S.0. dependent war 2.118182
S .E. of regression 5144374  Akaike info criterion 6.322862
Sum squared resid 11378977 Schwarz criterion B BEYOZE
Log likelihood -149.0715 Hannan-Cwuinn criter. B 453921
F-statistic 0.B28Y790  Durbin-Watson stat 1.683441
Frob(F-statistic) 0.699852

Figure 8: EQOc: Breusch-Godfrey test results.
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Figure 9: EQOa: Probability response curves from probit: DEM S0 W0 corresponds to
(S=0 and W=0); DEM S0 W1 corresponds to (S=0 and W=1); DEM_S1 W0 corre-
sponds to (S=1 and W=0); UN_PLOT corresponds to the unemployment rate.




IENAC17/ FORECASTING FINAL EXAMINATION 14

Success cutoff C =05

Estimated Equation
Dep=0 Dep=1  Total
P(Dep=1)==C 3 0 14
P(Dep=1]=( 0 2 Ali
Total 17 33 all
Lorrect J 2 3

% Correct n284 B4BE 7400
%incorrect 4706 1518 2600

Figure 10: EQOa: Table of hits-and-misses from probit model.
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Figure 11: Interest rate Y;.
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24

201

16-

1é=

Wﬂﬂ

Series: Y

Sample 1960Q1 2002Q2
Observations 170

Mean 6.486216
Median 5.893333
Maximum 1632000
Minimum — 2.243333
Std. Dev.  2.774004
Skewness 1140711
Kutosis ~ 4.341179
Jarque-Bera  49.60918
Probabilty ~ 0.000000

14 16

Figure 12: Descriptive statistics.




IENAC17/ FORECASTING FINAL EXAMINATION

[ Correlogram of ¥

Oate: 045259519 Time: 16:34
Sample: 196031 200202
Included ohservations: 170

Autocarrelation Fartial Correlation A PAZ -Stat Prob
I I ] 1 09482 0948 15560 0.000
[ . 1 2 0.880 -0.190 29044 0.000
I [ | 3 0829 0159 410684 0.000
| — = ! 4 0.769 -0.173 51490 0.000
[ (I S 0O0.704 -0.01F BOZ2.82 0.000
| (I E 0844 -0.019 BYE.80 0.000
I I | | ¥ 0592 0042 F3IQ.Y6 0.000
[ [ | 8 0560 0.162 7¥F95.33 0.000
[ I | IO 9 0.530 -0.050 84742 0.000
[ Qo 10 0496 -0.023 89231 0.000
[ | | 11 04562 -0.042 931 681 0.000
[ | (I 12 0432 -0.016 966.12 0.000
[ I 132 0401 -0.004 9965.02 0.000
[ (|| 14 0374 0045 10222 0.000
[ g 12 0342 0072 10444 0.000
[ I | gl 165 0.314 0088 10831 0.000
[ I | gl 17 0.301 008y 1080.2 0.000
[ | g 18 0.287 -0.040 10882 0.000
[ | (I 19 0.2686 -0.032 11099 0.000
[ | (| 20 0253 0040 11224 0.000
1 =3 NN 21 0249 0053 11345 0.000
1 3 1O 22 0.239 -0.061 11458 0.000
1 3 B 23 0224 0010 11558 0.000
[ | g 24 0.205 -0.050 11684.2 0.000
[ Fpi 25 0188 0017 11713 0.000
[ g 2B 0171 -0.036 11773 0.000
[ (I Y 0149 -0.0Z¥ 11818 0.000
13 Iy 28 0127 0.0Z0 11851 0O.000
1 [ I 29 0110 -0.011 1187.6 0.000
1 [ I Al 20 0102 0.089 118983 0.000
1A (|| a1 0097 -0.0Z6 1191.8 0.000
1Al = 1 a2 0081 -0.113 11922 0.000
1 I 43 0.0s0 -0.021 11929 0.000
[ (I 24 0042 -0.0Z29 11943 0.000
[ (I a5 0024 -0.0Z5 11944 0.000
[ 1@ 35 0008 0089 118945 0.000

Figure 13: Correlogram.
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Dependent Yariable:

Method: Least Sguares

Date: 04/25/19 Time: 1636

sample (adjusted); 186002 2002G2
Included ohservations: 169 after adjustments
Convergence achieved after 4 iterations

Yariahle Coefficient  Std. Error - t-Statistic Prob.
1 6.1725356  1hRZB258 37492844  D.0002
AR(1] 0461042 0022821 4211162 0D.0000
F-squared 0913935  Mean dependent var b.4497554
Adjusted R-sguared 0913420 5D dependent var 2078244
= E. of regression 0817801  Akaike info criterion 2 44kk34
Sum sguared resid 1118073 Schwarz criterion 2483674
Log likelihood -204 7402 Hannan-Cluinn criter. 2 461665
F-statistic 1773.341  Durbin-YWatson stat 1609609
Prob{F-statistic) 0.000000
Inverted AR Roots b

Figure 14: EQOL: AR(1) model.
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Inverse Roots of AR/MA Polynomial(s)
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Figure 15: EQOL: AR(1) estimated root A.
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Figure 16: EQ01: AR(1) estimated correlograms.
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21

Correlegram of Residuals

Date: 04425119 Time: 16:40

Sample: 196022 20022
Included ohservations: 1649
Ci-=tatistic probabilities adjusted for 1 ARMA termi(s)

Autocorrelation Partial Correlation A PAC C-Stat Prob
I = I [ 1 0.193 0.193 B.3796
=1 2 -0.182 -0.227 12.034 0.001
(I | [ | 3 0139 0247 15445 0.000
(] (NI 4 0095 -0.05%3 17012 0.001
I 1 1 a1 S -0.010 0071 17.021 0.002
(I 101 B -0.027 -0.022 17.269 0.004
. 1 /1 ¥ -0.196 -0.200 24109 0.000
(I 1 [ 2 0022 0078 24193 0.001
It (N 9 0083 -0.045 24 918 0.002
(I 1 a1 10 -0.0Z68 0.07V3 2X5.0383 0.003
(i gt 11 -0.042 -0.040 25 368 0.005
I 1 1 1 12 0.001 0010 25368 0.003
(i 101 13 -0.041 -0.07F 225673 0012
(R 1 a1 14 0.086 0.0831 2494 0015
I 1 101 12 -0.016 -0.0883 2Z6.5942 0022
=1 g1 16 -0.146 -0.089 320.553 0.010
I 1 (I 17 0.010 D044 20573 0015
I [ 1 1 12 0.082 0008 321.902 0015
g1 (I 19 -0.071 -0.032 322.837 0017
IE 1 NI 20 -0.080 -0.085 24114 0018
it 1 [ 21 D050 0085 32345968 00272
it 1 1 22 0084 -0.007 35 397 0.026
(N 1 [ 22 0.070 0D0.090 26.3595% 0.023
(I g1 249 0018 -0.0689 26417 0.037
(I I 11 25 -0.021 0050 36507 0.049
I 1 1 26 0.091 0.0O18 38172 0O0.045
I 1 gt 2Y 0.003 -0.057 28175 0.053
gt (N 28 -0.0%51 0.037 28699 0.087
IH 1 = 1 28 -0.081 -0.154 40.047 0085
(I (R 40 -0.031 0108 40245 0.030
(| 1t 31 0109 0.035 42749 0082
(N 1 1 32 0.041 0.032 431032 0073
(N Lt 3432 -0.079 -0.027 44418 0.071
I 1 1 1 44 D000 o.oog9 449 4183 0.0349
([ I= 1 345 -0.023 -0.1168 44 531 0.107
(I 1 1 36 -0.020 -0.011 44 720 01268

Figure 17: EQO1:

AR(1) residual correlograms.
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Dependent Variahle: ¥

Method: Least Sguares

Date: 0425119 Time: 16:44
Sample (adjusted): 19R0C 200207

Included observations: 164 after adjustments
Convergence achieved after 14 iterations

MA Backecast 195804 186001

Variable Coefficient  Std. BError t-Statistic Froh.
5 6.222825 1508775 41244 0.0001
AR 00955346 0027124 3522087  0.0000
AT 0320221 0.082711 38715857  0.0002
MA(Z) -0.190454 0082529 2407712 00243
F-sguared 0924632 Mean dependent var 6.497554
Adiusted FE-sguared 089232627 5.0 dependent var 27782084
= E. of regression 0.769633  Akaike info criterion 2337478
Sum sguared resid 97 73530  Schwarz criterion 2411654
Log likelihood -193.6284  Hannan-Guinn criter. 2.a67E42
F-statistic G7d 7545 Durbin-YWatson stat 2 U0BRBT
Frob{F-statistic) 0.000000
Inverted AR Roots RELS]
Inverted M4 Foots .all - B2

Figure 18: EQ02: ARMA(1,2) model.
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Inverse Roots of AR/MA Polynomial(s)

1.5

1.0~

0.5

BldEs
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o AR roots
& MA roots
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-0.5

0.0

0.5

1.0

Figure 19: EQ02: ARMA(1,2) estimated roots A.
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Autocorrelation

Partial autocorrelation

1.2
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Figure 20: EQ02: ARMA(1,2) estimated correlograms.
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Figure 21: Plot of AY;.
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Dependent Variable: DfY)

Method: Least Squares

Date: 0472514 Time: 16:50

sample (adusted): 1960012 200202
Included ohservations: 169 after adjustments

Yariahle Coefficient  Std Error totatistic Prob,

& Q0Ee 0063242 0206356 04352

R-solared 0000000 Mean dependentvar - -0.013176
Adusted R-sguared 0000000 50 dependentvar (1822145
5 E. of regression 1822145 Akakeinfocrtenon 2452099
sUm souared resid 1130944 Schwarz critenon 2470679
Log likelihood 062024 Hannan-Gluinn criter. 2458615
Durbin-Watson stat - 1 b44728

Figure 22: EQ03: ARMA(0,0) model for AY;.
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Dependent Variahle: DY)
Method: Least Squares
Date: 0425119 Time: 16:43
Sample (adjusted): 196002 2002052
Included observations: 169 after adjustments
Convergence achieved after 8 iterations
MA Backcast 196001
Yariahle Coefficient  Std. Error t-Statistic Prob.
2 0013914 00B5B04  -0162162 08714

MA(T) 0403446 0070865 5683162 0.0000
F-squared 0066728  Mean dependentvar  -0.013176
Adjusted R-squared 0063152 5.0 dependent var [.822145
S E. of regression 0745762  Akaike info criterion 2392730
Sum squared resid 106.7505  Schwarz criterion 242977(
Log likelihood 2001857 Hannan-Cuinn criter. 2407761
F-statistic 12.32462  Durhin-VWatson stat 2218397
Prob{F-statistic) 0000574
Inverted MA Hoots - 40

Figure 23: EQ04: ARMA(0,1) model for AY;.
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Dependent Yariable: D(Y)

Method: Least Squares

Date: 04/25/19 Time: 16:54

Sample (adjusted): 186002 2002062

Included ohservations: 169 after adjustments
Convergence achieved after 12 iterations
MA Backoast 195804 1960C1

Yariahle Coefficient  Std. Error t-Statistic Prob.
L 1012715 00R4d473 0197221 (18434
MA[T) 02493512 0078820  5.86BOS0 00002
MA[Z) 012582 0078881 2799673 0.00&7
F-sguared 0122726 Mean dependentvar  -0.013176
Adusted R-squared 0112187 5.0, dependent var 0.822145
> E. of regression 0774670  Akaike info criterion 2 344837
sum souared resid 961876 Schwarz criterion 2 4003572
Log likelihood -195.1383  Hannan-Guinn cnter. 2367378
F-statistic 1161129  Durbin-VWatson stat 2003572
Frob{F-statistic) 0.000014
Inverted MA Foots 34 - B3

Figure 24: EQ05: ARMA(0,2) model for AY;.
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Dependent Yariahle: DY)

Method: Least Sguares

Date: 042519 Time: 16:55

sample (adjusted): 196003 200202
Included ohservations: 168 after adjustments
Convergence achieved after 3 iterations

Yariahle Coefficient  Std. Error - t-Statistic Prob.
0008170 007034 -0107458 09146
AR(1) 0175506 0076245 2302522 00225
F-sguared 0030844 Mean dependentwvar  -0.003087
Adjusted R-sguared 0025111 5.0, dependent var [.822878
5 E. of regression 0812480  Akaike info criterion 2 434304
SUm sguared resid 1096807 Schiwarz criterion 2471574
Log likelihood 2024882 Hannan-Guinn criter. 2448477
F-statistic 5301608 Durbin-'%atson stat 1918333
Prob(F-statistic) [.0225847
Inverted AR Rloots 18

Figure 25: EQ06: ARMA(1,0) model for AY;.
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Dependent Yariable: DY)

Method: Least Sguares

Date: 0425119 Time: 16:55

sample (adjusted): 198003 20020
Included observations: 168 after adjustments

Convergence achieved after 15 iterations
M4 Backeast 1860G2

Yariahle Coefficient  Std. Error - t-5Stabistic Prob
C 0010558 0.074892 -0.138308  0.BY0Z
AR -0.348812 0168465  -2082263 00417
MA(T) 0676648 0133341 50745539  0.0000
F-squared 0.1083358  Mean dependent var -0.009087
Adjusted R-squared 0.087550 5.0 dependent var 0822878
=.E. of regression 0781712  Akaike info criterion 2363036
Sum squared resid 1008272  Schwarz criterion 2418821
Log likelihood -185.4950  Hannan-Giuinn criter. 2 3856 7hH
F-statistic 10.02593  Durhin-Watson stat 2 095406
Frob{F-statistic) 0.000078
Inverted AR Roots -.34
Inverted MA Roots - kAl

Figure 26: EQ07: ARMA(1,1) model for AY;.
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Dependent Yariable: DY)

Method: Least Sguares

Date: 04725019 Time: 16:56

Sample (adjusted): 196003 2002032

Included observations: 168 after adjustments
Convergence achieved after 18 iterations
MA Backcast 15800 1960032

Yariahle Coefficient  Std. Error t-5tatistic Froh.
C -0.009594 0065132 -0147287 (188431
AR 0032117 0363522 -0.088320 09297
AT 0321024 0356771 0899804 036595
MAZ) -02021R4 01591281 -1.436260 (11833
F-squared 0121874  Mean dependent var -0.0058087
Adusted E-squared 0105811 5.0 dependent var 0822874
= E. of regression 0778126  Akaike info criterion 2 350RRA
Sum squared resid 99 248585  Schwarz criterion 2434048
Log likelihood -194 2120 Hannan-CGluinn criter. 2389853
F-statistic FAE7106  Durbin-\Watson stat 2 006587
Frob(F-statistic) 0.000088
Inverted AR Foots - [0
Inverted MA Foots a2 - B4

Figure 27: EQ08: ARMA(1,2) model for AY;.
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Dependent YVariable: D{Y)

Method: Least Squares

Date: 04725119 Time: 16:57

sample (adjusted): 146004 200242
Included ohservations: 167 after adjustments
Convergence achieved after 3 iterations

Yariahle Coefficient  Std Error t5tatistic Prob.
& -0.002609 0055488 -0094266 09250
AR 0214356 0079567  2.83bB34  0.0051
AR(Z) 0243233 007411 3225406 0.0015
F-sguared 00874586 Mean dependentvar  -0.004371
Adjusted R-sguared 0076327 5D dependent var [.82307?
5 E. of regression 0791038  Akaike info criterion 2 JBRASA
sum soguared resid 1026215 Schwarz criterion 24428710
Log likelihood -196.3027  Hannan-Cluinn criter, 2 409582
F-statistic 7888644 Durbin-YWatson stat 1.866421
Frob(F-statistic) [.000&51
Inverted AR Foots 11+ .48 11- .48

Figure 28: EQ09: ARMA(2,0) model for AY;.
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Dependent Yariable: D{Y)

Method: Least Squares

Date: 0425418 Time: 16:57

sample (adjusted): 196004 2002052

Included ohservations: 167 after adjustments
Convergence achieved after 14 iterations

WA Backcast 196004

Wariable Coefficient  Std. Error t-Statistic Froh.
% -0.007273 0083268  -0.114844 (05086
ART) -0.2596658 0177386 -1465844  (0.1452
AR(Z) -0.195673 009088 -203p402 00423
AT 05394833 0173288 4113223 00022
F-sguared 0.132030  Mean dependent var -0.004371
Adiusted R-squared 0116055 5.0, dependent var 0825072
= E. of regression 0773839  Akaike info criterion 23487545
=um sguared resid 97 BOBAD  Schwyarz criterion 2423430
Log likelihood 1921211 Hannan-Guinn criter, 2374067
F-statistic 0264821  Durbin-\WWatson stat 1 972602
FrobiF-statistic) 0.000038
Inverted AR Foots - 13+ 42 - 13-42
Inverted M4 Foots -.54

Figure 29: EQ10: ARMA(2,1) model for AY;.
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Dependent Yariahle: DY)

Method: Least Sguares

Date: 042519 Time: 16:58

Sample (adjusted): 1960C4 200202

Included ohservations: 167 after adjustments
Convergence achieved after 23 iterations
& Backcast 1896002 196003

Wariable Coefficient  Std. Error t5tatistic Frob.
C -0.006457 0089115 -0.093420 09257
AR 1042607 0207530 -5.023878  (0.0000
AR 0837606 0119335 4505015 0.0000
hAA(T) 1.374371 0210920  Ba0saB2  0.0000
hA(2) 06842513 0162743 5848028 00007
F-zguared 0157962  Mean dependent var -0.004471
Adjusted FE-squared 0137170 5D, dependent wvar 0825072
= E. of regression 0.764541  Akaike info criterion 2 33403494
Sum sguared resid U4 BY26T  Schwarz criterion 2423754
Log likelihood -189.8884  Hannan-Cluinn criter. 2 3BB234
F-statistic 78497865 Durhin-WWatson stat 2031619
Frob{F-statistic) 0.000012
Inverted AR Foots - 8252 - 52+ 54
Iverted MA Roots - B5- 41 - B9+ .41

Figure 30: EQ11: ARMA(2,2) model for AY;.
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Inverse Roots of AR/MA Polynomial(s)
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Figure 31: EQ05: ARMA(0,2) estimated inverse roots .
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Autocorrelation

Partial autocorrelation

— Actual —— Theoretical

| -

— Actual —— Theoretical

Figure 32: EQ05: ARMA(0,2) estimated correlograms.
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Correlogram of Residuals

Ciate: 042519 Time: 17:04
Sample: 19602 2002002
Included observation=: 169

C-statistic probahbilities adjusted for 2 ARMAS termis)

Autocarrelation Partial Carrelation A PAC CO-Stat Praob
1 I I I 1 -0.004 -0.004 00032
(N ([ 2 0025 -0.025 01080
1 [ I [ 3 0102 0102 190868 0187
1 [l I [l 4 0078 0079 Y999 0227
10 1 [ S5 0072 -0.0B7 3I.B7SY 0O.275
1 I | B 0035 0028 404971 0.393
. 1 . 1 T -0.238 -0.262 141883 0.014
1 I I 2 0024 0037 14.293 0.027
1 I I | 9 0002 -0.0168 14.293 0.046
1 I I 10 -0.007 00432 14 308 0.074
g 1 g 11 -0.077 -0.029 159.3749 0.031
(N I I 12 0.028 0.001 1968449 0.110
10 1 [ 12 -0.091 -0.025 17174 0103
1 Al I I 14 0.067 0019 18012 0115
L I I 12 -0.027 -0.012 18.1590 0.152
O ! i 16 -0.128 -0.134 21.224 0.096
1 I I I 17 0.002 0.027 21.225 0.130
11 I I 12 0.027 -0.001 21.844 0.148
g1 I I 19 -0.065% -0.008 226591 0.181
g1 I 1 20 -0.0839 -0.109 22.5987 0.1849
11 [ B 217 0087 0,069 24218 0.188
1 | I I 22 0022 0001 24.308 02249
1 A1 I 23 0088 00583 25217 0.238
1 I ([ 24 -0.005 -0.018 25.222 0.287
(1 (i 25 -0.041 -0.047 25553 0.322
1 [ I @l 26 0100 0083 27¥.8849 0278
1 1 2Y -0.036 -0.114 27 856 0.315
(I I 28 -0.021 0056 27.9458 0.361
g = ! 28 0084 -0.132 2B.7968 0.371
(I I l 30 -0.032 0029 29021 04911
1 [l [ 31 0.0y8 0074 30.296 0.3949
(N I I 32 00490 0021 30628 0434
g 1 (i 33 -0.091 -0.043 3I2.396 0.392
1 I ([ 34 0022 -0.018 32.501 049492
L I 35 -0.032 -0.0684 3I2.719 0481
L g 1 36 -0.032 -0.0491 32947 0514

Figure 33: EQO5:

ARMA(0,2) residual correlograms.
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25

-1 0 L | A | T 11 | T 11 | T | [ | | A | T 11 ‘ [
60 65 70 75 80 8 90 95 00
——Y ——YF
----- YF-2'YF_SE -----YF+2*YF_SE

Figure 34: EQO05: ARMA(0,2) dynamic forecast (out-of-sample) for 1988Q2 to 2002Q2
(Y is the data, YF is the model forecast, and YF SE is the forecast standard error).
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Areas Under the Normal Curve

Z  Cump Tailp Z  Cump Tailp I Cump Tailp I Cmmp Talp I Cump Tailp
0.00 05000 0.5000 040 06554 03446 080 07881 02119 120 08849 01131 160 09452 00548
001 05040 0.490 041 06591 0.3409 081 07910 02090 121 08860 01131 L6l 09463 00537
002 05080 0.4920 042 06628 0.3372 082 07939 0206l 122 08888 01112 162 09474 00526
0.03 05120 0.4880 043 06664 0.3336 083 07967 02033 123 0.8907 0.1093 163 09484 00516
0.04 05160 0.4840 044 06700 0.3300 084 07995 0.2005 124 08025 01075 164 00495 00505
005 0519 04801 045 06736 0.3264 085 08023 0.1977 135 08944 01056 L8 09505 0.0495
006 0.3139 04761 046 06772 03228 086  0.8051 0.1949 126 08962 01038 166 09515 0,048
007 05179 04721 047 06808 0.3192 087 08078 0.192 127 0.8980 01020 167 09525 00475
008 03319 04881 048 06844 03156 088 08106 0.1804 128 0.8997 01003 168 09535 00465
009 05359 04sdl 049 06879 0.3121 089 D8133 0.1867 129 09015 0.0983 169 09545 00455
010 05398 04802 050 06915 03083 090 08159 0.1841 130 09032 0.098 170 09554 0046
011 03438 04362 051 06950 0.3030 091 08186 0.1814 L3 09049 0.0951 171 09564 0043%
012 05478 04522 052 06985 0.3013 092 08212 0.1788 13 09066 0.0934 172 09573 00427
013 05517 0.4483 053 07019 0.2981 093 08238 0176 13 09082 0.0918 173 09582 00418
014 05557 0444 054 0.7054 02946 094 08264 0173 LM 090% 0.0901 174 09591 0.0409
015 0559 0.4404 055 0.7088 02912 095 08289 0171 LE 09115 (.0883 175 09599 0.0401
016 03636 04364 056 07123 0287 09 08315 0.1685 L 09131 (0.0869 176 0908 0.0392
017 0.3675 04325 057 0N5T 02843 097 0.8M0 0.1660 L3 09147 00853 177 0916 00384
018 05714 0428 058 07190 02810 098 08365 0163 13 09162 0.0838 178 09625 00373
019 0.5753 0447 059 0724 0277 099 08380 01611 139 09177 00823 179 09633 0037
020 05793 0.4207 060 07257 02743 100 08413 01587 140 09192 0.0808 180 0941 00359
021 0383 04168 061 07291 02709 101 08438 01562 141 09207 0.0793 L8 09649 00351
022 03871 04129 062 07324 0267 102 08461 01539 14209222 00778 182 09656 0034
023 05910 0.4090 063 07357 02643 103 D845 01513 143 0923 00764 183 0964 00336
024 0598 04052 064 07389 02611 104 D508 01492 144 09251 00749 L84 0971 00329
025 0597 0.4013 065 07422 02578 105 08531 0.1469 L4 09265 0.0733 185 0978 0032
026 0.6026 0.3974 066 07434 0254 106 D834 0146 146 09279 0072 186 0986 0.0314
027 06064 0,393 067 07486 02514 10T 08577 01423 147 09292 00708 L8 0.9693 00307
028 06103 0.3897 068 07517 02483 108 08599 0.1401 148 09306 0063 188 09609 0.0301
029 06141 0385 069 0.7549 02451 109 0821 01379 149 09319 (0681 180 0.9706 0.0204
030 06179 0.3821 070 07580 0.2420 110 08643 0137 150 09332 00668 190 093 00287
031 06217 0.3783 071 07611 02389 LI 08665 0.13% 131 09345 00653 191 09m9 00281
032 06235 03743 072 07642 02358 112 08686 01314 152 09357 00643 102 09726 00274
0.3 06293 0.3707 073 07673 02307 113 08708 01292 153 09370 00630 193 09732 0.0268
034 0633 03669 074 07704 0.22% 114 08729 01271 154 00382 00618 104 09738 00262
035 0.6368 0.3632 075 07734 0226 LIS 08749 01251 155 09394 0.0606 105 09744 00256
036 D.edls 0.2594 076 07784 02236 L16 08770 01230 156 09406 00594 L% 09750 0.0250
037 06443 0.3557 077 07794 02206 117 08790 0.1210 157 09418 00582 197 09756 00244
038 06480 0.3520 078 07823 01T LI§ 08810 0.1190 158 0.9420 0051 198 09761 00239
039 08517 0,348 079 07852 02148 119 08830 0170 159 09441 00559 199 09767 00233

Figure 35: Statistical table for N(0, 1).
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Critical Values of the t DMstribution

2-tziled tesdng 1-tailed testing

0.1 0.05
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o
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8 &0 1.397 Ba0 2. 806
o B33 383 B33 2 821
10 212 373 812 1764
11 Te5 3g3 796 2718
12 TE2 58 T82 2681
13 7Tl 50 77l 2.650
14 Tl 45 Tl 2624
15 T53 41 T53 2602
16 746 37 7486 2583
17 740 iz 740 2.567
18 T34 30 2552
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Figure 36: Statistical table for Student’s ¢(r).
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Critical Values of the I Distribution

(=05

df benwean

5 &

H

[+

41

510

LA
=
o

05 [ 405

4.88

4.53

4.76

4.3

& i 514 433 | 43 425 [ 21 | 415 [ 400 | 3.84 | 3.47
7 S50 | 474 | 435 [ 412 ) 307 [ 38T | 378 | 375 | 357 ) 341 [ 523
2 532 | 446 | 407 | 3E4 | 360 | 358 | 350 | 344 | 328 ) 312 [ 283
g 51T | 426 | 3.B6 | 363 | 348 | 337 | 318 | 325 | 307 ) 200 [ 371
10 | 426 [ 410 | 371 | 345 | 333 | 322 [ 314 | 307 [ 281 ) 274 | 254
11 484 | 30E | 350 | 336 | 320 [ 3090 ) 301 | 205 | 278 ) 241 [ 241
12 475 | 380 | 340 | 31 311 [ 300 ) 201 [ 285 | 240 | 251 | 230
13 467 | 3BD | 341 | 318 ) 303 [ 202 ) 283 | 277 | 240 ) 242 [ 221
14 | 460 [ 374 | 334 | 211 | 206 | 285 [ 276 | 270 | 2.55 | 235 | 113
15 4.5 JBE | 320 | 306 | 200 | 27® [ 271 | 262 | 2.AB | 220 | 207
16 | 448 334 | 301 ) ZES [274 ) 268 | 250 | 243 ) 22 201
17 | 4.4f 320 | X0g | TEL [ 270 | 261 | 255 | 23E | 119 | 198
18 | 441 . 316 | 203 | 177 [ 266 | 258 | 251 | 234 | 215 [ 1.2
10 | 438 [ 352 | 3013 | 200 | 274 | 2463 [ 254 | 248 | 251 | 211 | 1.88
0 ) 435 [ 340 ) 300 | ZET | 271 | 160 [ 251 | 245 [ 228 | 208 | 1.84
11 432 | 347 | 307 | ZE4 | I6E [ 257 | 248 | 242 | 225 | 205 [ 1.81
12 430 | 344 | 305 | ZEI | 166 [ 255 | 248 | 240 | 223 | 203 [ 1.7E
23 428 | 342 | 303 | ZEQ | 464 [ 253 | 244 | 237 | 220 | 201 | 178
24 | 426 [ 340 ) 300 | 275 | 262 | 151 [ 242 | 238 | 218 | 1.9E | 1.73
25 424 | 330 | o0 | 176 | 160 [ 240 | 240 | 234 | 216 | 196 [ 1.71
16 | 423 [ 3537 | 208 | 174 | 150 ) 247 [ 230 | 232 | 215 | 185 | 142
17 | 421 [ 335 ) 204 | 273 | 25T | 146 [ 237 ) 231 | 213 | 183 | 1.47
8 | 420 [ 3534 | 205 | 271 | 236 | 45 [ 234 | 228 [ 213 | 191 | 1.&6
0 | 418 [ 333 | 293 | 270 | 235 | X143 [ 235 | 228 [ 210 | 180 | 184
30 ) 417 [ 332 ) 202 [ 260 ) 233 ) X4l [ 233 | 227 | 1@ | 1E8 | 12
40 | 408 [ 323 ) 2B4 [ 261 | 245 | 138 [ 215 | 208 | 100 J8 | 151
0 ) 400 [ 305 | 276 | 253 | 237 | LIS [ 217 | 200 | 182 | LTD | 1.38
B0 34 311 | 272 | 240 | 233 | 221 | 203 | 208 | 1.BE | 185 | 1.33
100 | 3.8 300 | 270 | 46 | 231 ) 18 [ 200 | 203 | 185 | 185 | 1.28
120 ) 382 [ 307 | 268 [ 245 | 220 ) 218 [ 209 ) 2.02 [ 183 | 1.1 | 1.26
@ 384 | 3 161 | 237 | 22T [ XI0 ) 201 [ 184 | LTS | 152 | 1.0

Figure 37: Statistical table for F(m,n) at the 5% level.
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Critical Values of the F Distribution
fo=_01)

df betwasn

1 & 3 4 5 g 7 g 12 24 =

5 1626 [ 1327 | 1206 ) 1138 | 10.87 | 10067 [ 1046 | 10.20 | 888 | £.47 [ 202
& 1375 [ 1082 ) .78 | 015 | B75 | 847 | 824 | 810 | 7.72 | 7.31 [ 4688
7 1225 [ 055 | BE45 | TES | 746 | 710 | 400 | 684 | 647 | £.07 [ 545
3 1126 [ B85 | 7.50 | 701 | 663 | 637 | 418 | 603 | 567 [ 528 [ 438
4 1056 [ BOZ | 600 | 642 | 606 | 580 [ 561 | 547 | 511 | 473 [ 431
10 | 10.0s) 7.5 6.55 | 500 ) 544 | 538 | 520 [ 50§ | 471 | 4335 | 341
11 085 [ 731 | 622 | 567 | 332 | 507 | 480 | 474 | 440 [ 402 [ 340
12 033 L3 | 505 | 541 [ 506 [ 482 | 482 | 450 | 414 [ 378 | 338
13 07 [ 670 | 574 | 521 | 456 | 462 | 444 | 230 | 306 | 350 [ 317
14 86 [ 651 | 5.56 | 504 | 460 | 448 | 428 | 214 | 3.80 | 3.43 [ 301
15 6 [ 636 | 542 | 480 | 434 | 432 | 414 | 200 | 3.7 | 3.20 [ 2.87
16 E53 [ 633 | 520 | 477 | 444 | 420 | 403 | 388 | 355 | 308 [ 275
17 E40 [ 611 | 518 | 467 | 434 | 410 | 303 | 379 | 346 | 3.08 [ 285
18 20 ) 601 | 500 [ 458 [ 435 | 401 | 382 | 371 | 337 | 300 | 257
19 5.03 1 ] 4350 ) 417 | 308 [ 377 | 343 | 3.50 | 202 [ 248
20 443 [ 410 | 387 | 370 | 354 | 323 | 286 | 2.42
11 437 [ 404 | 381 | 382 | 351 | 317 [ 2.80 | 238
12 431 [ 380 | 374 S0 | 345 | 302 [ 275 | 231
13 426 [ 304 [ 371 | 354 | 341 | 3.07 [ 290 | 228
24 421 [ 300 | 367 | 350 | 334 | 303 | 246 | 221
15 418 [ 385 | 363 | 346 | 331 | 2ag | 242 | 217
26 414 [ 382 | 350 | 342 | 320 | 208 | 258 | 215
27 411 [ 37 356 | 3.2 316 [ 283 | 355 | 210
28 407 [ 375 | 355 | 336 | 323 | 2.0 | 252 | 2407
20 404 [ 373 [ 350 | 333 | 320 | 287 [ 240 | 204
30 402 [ 370 | 347 | 330 | 307 | 2.84 | 247 | 201
40 181 [ 35 329 [ 302 | 208 | 246 | 220 [ 1.81
0 165 [ 334 | 312 | 205 | 252 | 250 | 212 | 1.0
] 356 | 326 | 304 | 287 | 274 | 242 | 203 | 150
100 51 [ 32 200 | 282 | 248 | 257 | 198 [ 1.43
120 148 [ 3017 | 204 | 279 | 2466 | 2.34 | 185 | 138
x 332 [ 302 | 280 | 244 | 23] | 218 | 179 | 1.0

Figure 38: Statistical table for F'(m,n) at the 1% level.
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Critical Values of the y* Distribution

Area i the Upper Tail

0.99 (.95

0.9

0.1

0.05

0.01

1 0.000 | 0004 | 0016 | 2706 | 3841 6.633
2 0020 [ 0105 | 0211 | 4605 3.991 9.210
3 0115 | 0332 | 0384 | 6231 7815 | 11345
4 0297 | 0.711 1.064 [ 7779 [ 9488 3277
3 0.554 1.145 1610 | 9236 [ 11.070 | 15.036
b 0.872 1.635 | 1204 | 10643 | 12592 | 16212
7 1230 | 2167 | 2.833 | 12.017 | 14067 | 18473

1646 | 2733

3.490

TS
13.362

15,507

20.080

2088 | 3325

4168

14684

16.919

21.666

10 2558 | 3040 | 48635 | 15987 | 18307 | 23209
11 3053 | 43575 | 3578 | 17275 | 19675 | 24723
12 3371 | 3226 | 6304 | 185349 | 21.026 | 26.217
13 4107 [ 3802 | 7042 | 19812 | 22362 | 27.683

1660 | 6571

7.780

71064

20.141

3.0 7.261

LI A

85347

22307

30.578

5812 | 7982

9.312

23.542

32.000

6408 [ 2672

10.083

24769

33409

7015 | 9.390

10.863

25.989

34.203

7633 [ 10117

11.631

27204

36.191

3060 | 10.851

1245

25411

——
:.'HEE
2.

8.807 [ 11.591

13.240

20615

38.032

0.542 | 12338

14.041

30.813

40289

10.196 | 13.091

14.342

32.007

41.632

10.856 | 13.348

15.639

33.195

42980

115324 | 14611

16473

34,381

44314

Figure 39: Statistical table for x?(q).




