Econometric Tests

Ass. Prof. Andriy Stavytskyy
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Agenda

» Econometric tests

 Hypothesis testing example
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Yo = By + PXey + BoXo + o BaXe g T ELT=1N
yt - dependent variable;

Xlt ’ X2t P Xk—lt

- Independent variables;

gt - residuals.
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Test residual for normality
Test parameter significance
e Overall model
* Individual coefficients
Test for multicollinearity
Test for model stability
Test for residuals autocorrelation
Test for residuals homoscedasticity
Test for specification

Test for stationary process
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Test residual for normality

Check normality of residuals: f(XJ‘
» Jarque-Bera statistics

« Shapiro—Wilk test
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S=12= izll(x _7)33/2 . A}j ) izl(x =) |
G (iZ(X ‘Y)ZJ 0 (iZ(x _y)zj

* S is the sample skewness,

» K is the sample kurtosis.
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Dependent Variable: TAX_EMNT
Method: Least Squares
Date: 12/089M12 Time: 20:49
Sample: 200201 201104
Included observations: 40
Variable Coefficient Std. Error t-Statistic Prob.
C 3973770, 7545407 5 266475 0.0000
@TREMD 2905251 24239 34 11.93568 0.0000
@sSEAS(1) -3627516. 7910348  -4.585786 0.0001
@SEAS(Z) -2975920. 891757  -3.770922 0.0006
@SEAS(3) -2032456. f380581 -2.579068 0.0143
R-squared 0.837415 WMean dependent var 7430035,
Adjusted R-squared 0818834 3S.D. dependentvar 4138083,
S.E. of regression 1761318,  Akaike info criterion 31.71749
Sum squared resid 1.09E+14 Schwarz criterion 31.92860
Log likelihood -629 3498 Hannan-Cluinn criter. 31.79382
F-statistic 45 06800 Durbin-Watson stat 1123746
FProb(F-statistic) 0.000000
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Residuals
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Series: Residuals
Sample 2002Q1 2011Q4
g Observations 40
Mean -3.49e-11
5 Median -204126.5
M aximum 4171075.
Minimum -3659404
4 Sid. Dev. 1668551.
Skewness 0590368
Kurtosis 3. 696560
2 1 Jarque-Bera  3.132017
Probability 0208783
a

-3999995 -1999995 2 2000005 4000005
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* Hypotheses
* Hy:f1=p2=.. =1 =0
* No Linear Relationship
« H_: At Least One Coefficient Is Not O
o At Least One X Variable linearly Affects Y

RSS/(k-1)  R*/(k-1) Ho
F = = ( ) ~ Rk

ESS/(n-k) (1-R?)/(n-k)
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* Reject H, in favor of H, if F_,,. falls in colored area

Reject H,
Do Not
Reject H, \
0 | F
F(k-1, n-k, 1-a)

* Reject H, for H, if P-value = P(F>F_,.)<a



Example
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Dependent Variable: TAX_ENT
Method: Least Squares

Date: 12/09/12 Time: 20:49
Sample: 2002Q1 2011Q4
Included observations: 40

-statistic

F 45.06800
Prob(F-statistic) 0.000000

Durbin-Watson stat

Variable Coefficient Std. Error t-Statistic Prob.
C 3973770. 7545407 5.266475 0.0000
@TREND 290525.1 24239.34 11.98568 0.0000
@SEAS(1) -3627516. 7910348 -4.585786 0.0001
@SEAS(2) -2975920. 789175.7 -3.770922 0.0006
@SEAS(3) -2032456. 788058.1 -2.579068 0.0143
R-squared 0.837415 Mean dependentvar 7480035.
Adjusted R-squared 0.818834 S.D. dependentvar 4138083.
S.E. of regression 1761318. Akaike info criterion 31.71749
Sum squared resid 1.09E+14 Schwarz criterion 31.92860
0g likelihoog -629 3498  Hannan-Quinn criter. 31.79382

1.123746
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Test of slope coefficients

* Hypothesis
* Hy: pi=m
e H,: Bi#¥m
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t:ﬁi_m
S5
S
where S,éi: . 2
(3
X-2_ i=1
V&
with S=6 = |22
n—Kk

and RSS =ian:(Yi -v,)’ :i{vi —(BO +§Bixiﬂ 2

i=1
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Test of Slope Coefficient |\S IZ'.
Rejection Rule

* Reject H, in favor of H, if t falls in colored area

Reject H, meject H,
a/2

a/2 /
\
/ T t(n k)

'tl-a/2, (n-k) 1:1 a/2, (n-k)

* Reject H, for H, if P-value = P(T>|t]) < a
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Special case: significance of coefficient

* Hypothesis
* Ho: Bi=0
b Ha: ,3,?50




Example
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Dependent Variable: TAX_ENT
Method: Least Squares

Date: 12/09/12 Time: 20:49
Sample: 2002Q1 2011Q4
Included observations: 40

Variable Coefficient Std. Error t-Statistic Prob.
C 3973770. 754540.7 5.266475
@TREND 290525.1 24239.34 11.98568
@SEAS(1) -3627516. 7910348 -4.585786
@SEAS(2) -2975920. 7891757 -3.770922
@SEAS(3) -2032456. 788058.1 -2.579068
R-squared 0.837415 Mean dependentvar 7480035.
Adjusted R-squared 0.818834 S.D. dependentvar 4138083.
S.E. of regression 1761318. Akaike info criterion 31.71749
Sum squared resid 1.09E+14 Schwarz criterion 31.92860
Log likelihood -629.3498 Hannan-Quinn criter. 31.79382
F-statistic 45.06800 Durbin-Watson stat 1.123746
Prob(F-statistic) 0.000000
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Null Hypothesis: Hy:8,=8,=0;=0
Alternative hypothesis H,: g 0r g,or g,
or any two of them or all are nonzero.
At least one of them is significant.
In matrix notation

1 0 0fp] [0
Hypothesis: RD =T => 0 1 0(4,|=|0

0 0 1] B3] [0
Test statistics with J numbers of restriction

(Rb—r)R cov(b)R'T }(Rb-r)
_ J
" RSS
n—Kk
Calculate F and compare it with the critical values F(J, n-k)
from the Table.




Null Hypothesis:          
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Alternative hypothesis 
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or any two of them or all are nonzero. 


                                 At least one of them is significant.


In matrix notation


Hypothesis:  
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Test statistics with J numbers of restriction
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Calculate F and compare it with the critical values F(J, n-k) from the Table.
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High correlation between X variables

Coefficients measure combined effect

Leads to unstable coefficients depending on X variables in model
Always exists; matter of degree

Example: Using both total number of rooms and number of bedrooms as

explanatory variables in same model



Detecting Multicollinearity

s C
I\SIZ

» Farrar-Glauber Multicollinearity

e VIF-test

 Few remedies
e Obtain new sample data

* Eliminate one correlated X variable

» Standardize your independent variables.
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S, =0.4+0.8y, +0.2li, — 0.1si,
(0.9) (1.2) (0.4) (0.1)
R? =0.98, (standard errors in parentheses)
(n =60). where:
s, —stock prices
y, —output
li, —long-run interest rates
si.-short-run interest rates
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SP-index and Linear Regression

25
20

15 +

10

stock prices
¢

1990

1995

2000 2005
date
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» Tests whether the coefficients in two linear regressions on different data sets

are equal.

E_ RSS, —(RSS, +RSS,) 7k =
(RSS,+RSS,)/n-2k  *"*

RSS, —combined _ RSS

RSS, — pre —break _ RSS

RSS, — post —break _ RSS



s C
I\SIZ

Test for residuals autocorrelation

» Durbin-Watson test (only checks for first order serial correlation in residuals)
» Breusch-Godfrey Test (checks for higher order autocorrelation AR(Q) in

residuals)
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Durbin-Watson statistic

2
e —e
d= 2.(e—e) fornand K-1d.f.

2.

Positive Zone of No Autocorrelation Zone of Negative
autocorrelation indecision indecision autocorrelation
I I I | I I
0 d-lower d-upper 2 4-d-upper 4-d-lower 4
@ Autocorrelation is clearly evident

O  Ambiguous — cannot rule out autocorrelation

) Autocorrelation in not evident
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Higher Order Autocorrelation model : AR(p)

Hi = Prb g T Pothy o Toee T Pl p T &

Null Hypothesis

Hoip=py=..=p, =0

Test Model

Hy =0+ 0, Ky o+ O X+ Aply + o+ A+,
Test Statistic

LM = (n-p)*Ry, ~ 7,
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» There are two types of tests:
» Tests for continuous changes in variance: White test, Breusch—Pagan tests,
etc.

» Tests for discrete (lumpy) changes in variance: the Goldfeld—Quandt test

Divide the n observations into h groups, of sizes n,..n,

Choose two groups, say 1 and 2.

H,:0° =0, againstH,:c’# 0,
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Test for specification
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» A stationary process is a stochastic process whose joint probability
distribution does not change when shifted in time.

« Parameters such as the mean and variance, if they are present, also do not
change over time and do not follow any trends.

Solutions:

» Taking differences (Dickey-Fuller test)

» Trend-stationary processes



Why stationarity is important?

s C
I\SIZ

el =
NSOV ~NoOURNWNREZ

el
o Ulhw

w
o

X
35
31
16
30
42
47
12
17
26
23
34
22
40
30
29
30

35

Y
33
38
35
21
19
16
46
30
20
41
22
16
44
30
45
11

17

T
20
40
60
80

100

120

140

160

180

200

220

240

260

280

300

320

600

X*
55
71
76
110
142
167
152
177
206
223
254
262
300
310
329
350

635

Y*
53
78
95
101
119
136
186
190
200
241
242
256
304
310
345
331

617

50

40

30

>

20

10

0

700
600
500
400
300
200
100

- o v = "W3378x + 39.505
o Y R2 = 00952
...... Q : :
o e, Q,
...... e
. ° [ ] ® [ ] .
[ ] : . .
.. ’
0 20 N 60
X
y = 0.9849x + 3.3088 3
BA%K > 3. ° _0...-'0
.‘.0"
3¢
o
."..-“
od
or®
«*°
g
0 200 400 600 800



IS b
l\.SlZ

Question
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M1 — Money stock: M1 (BIL$,SA)
 |P - Industrial production: total index (1987=100,SA)
* Interest rate: U.S.Treasury bills (% PER ANN,NSA)
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Variable-View-Graph-Line

M1
800

700 _

600

500 4

400 4

300 _

200 _

100

60 62 64 66 68 70 72 74 76 78 80 82 84 86 388
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Variable-View-Unit Root Test - 1

bA Series: M1 Workfile: BASICS::Basics), | = =] |&]

I‘u"iewlPrnchbjectlPrﬂpertieslPrintlhlame Freezel Defautt VIDptiﬂns sample | G

SpreadSheet

Graph...
M1

Descriptive Statistics & Tests k
One-Way Tabulation...

Correlogram...

Long-run Yanance...

Unit Root Test...
Breakpoint Unit Root Test..,
Variance Ratio Test...

BDS Independence Test...

Forecast Evaluation...

Label

100

60 62 64 66 68 7O T2 T4 T6 TFo 40 B2 B84 86 GO

1959801 |21 I i 2 198ami2




Variable-View-Unit Root Test - 2
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Unit Root Test

Test type
Augmented Didkey-Fuller

Test for unit root in

(@) Level
() 1st difference

() 2nd difference

Indude in test equation
@ Intercept
() Trend and intercept

l::l Mone

Lag length

(®) Automatic selection:

Schwarz Info Criterion

Maximum lags: | 16

() User specified: | 4

QK

Cancel




Variable-View-Unit Root Test - 3
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£ Series: M1 Waorkfile: BASICS::Basics,

=)

[\«"iewl Proc[ObjectIPropertiesIPrintI Namel Freezel SamplelGeanSheetI GraphIStat

Augmented Dickey-Fuller Unit Root Test on M1

Exogenous: Constant

Null Hypathesis: M1 has a unit root

Lag Length: 5 (Automatic - based on SIC, maxlag=16)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic 24088644 1.0000
Test critical values: 1% level -3.443012
5% level -2.869219
10% level -2.570928
*Mackinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(M1)
Method: Least Squares
Date: 101617 Time: 18:46
Sample (adjusted). 1959M07 1989M12
Included observations: 366 after adjustments
Wariable Coefficient Std. Error t+-Statistic Prob.
MA(-1) 0.001619 0.000648 2498644 0.0129
DiMA(-1)) 0.436352 0.051476 8.476805 0.0000
D{M1(-2)) -0.145160 0.056213  -2.582320 0.0102
D{M1(-3)) 0.305890 0.054705 5591649 0.0000
D(M1(-4)) -0.147148 0.056519  -2.603509 0.0096
D{M1(-5)) 0.253626 0.052082 4869752 0.0000
C -0.002398 0201834 -0.011882 0.9905
R-squared 0.438654 Mean dependentvar 1.784153
Adjusted R-sguared 0.429273 5.D. dependentvar 2.559361
S.E. ofregression 1.933508 Akaike info criterion 4175489
Sum squared resid 1342105 Schwarz criterion 4250130
Log likelihood -7A7.1146 Hannan-Quinn criter. 4205149
F-statistic 46.75580 Durbin-Watson stat 1.957798
ProbiF-statistic) 0.000000




Variable-View-Unit Root Test - 4
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Unit Root Test

Test type
Augmented Dickey-Fuller

Test for unit root in

(i Level
(@) 1st difference

() 2nd difference

Indude in test equation
@ Intercept
() Trend and intercept

I:::l Mone

Lag length

(@) Automatic selection:

Schwarz Info Criterion

Maximum lags: | 16

() User specdified: | 4

QK

Cancel




Variable-View-Unit Root Test - 5
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R Series: M1 Workfile: BASICS:Basics\

===

’ViewlProcIDbjecthropertieslPrintINameIFreezelSamplelGenrlSheethraphlStat

Augmented Dickey-Fuller Unit Root Test on D{M1)

Mull Hypothesis: D(M1) has a unit root
Exogenous: Constant

Lag Length: 4 (Automatic - based on SIC, maxlag=16)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -3.682400 0.0047
Test critical values: 1% level -3.448012
5% level -2.869219
10% level -2.570928
*Mackinnon (1996) one-sided pvalues.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(M1,2)
Method: Least Squares
Date: 101617 Time: 18:49
Sample (adjusted). 1959M07 1989M12
Included observations: 366 after adjustments
Variable Coefficient Std. Error -Statistic Prob.
D(MA(-1)) -0.194938 0.052938 -3.6582409 0.0003
D(M1(-1),2) -0.345464 0.063177  -5.468229 0.0000
D(M1(-2),2) -0.476505 0.063106  -7.550824 0.0000
D(M1(-3),2) -0.148444 0.057970  -2.560720 0.0108
D(M1(-4),2) -0.281378 0.051253  -5.489976 0.0000
C 0.368130 0.137911 2 B6A336 0.0079
R-zquared 0.358007 Mean dependentvar 0.015301
Adjusted R-squared 0.349090 S.D. dependentwvar 2413934
S E. ofregression 1.847537  Akaike info criterion 4 187266
Sum sguared resid 1365.445 Schwarz criterion 4251244
Laog likelihood -760.2697 Hannan-Quinn criter. 4212689
F-statistic 4015071 Durbin-Watson stat 1.964051
ProbiF-statistic) 0.000000




Model
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[=] Equation: EQ1 Workfile: BASICS::Basics),

=)

[UiewIPrnchbjectlPrinthameI FreezeIEstimateI FnrecastIStatsIResids-

Dependent YVariable: LOG(M1)
Method: Least Squares

Date: 10M16M7 Time: 18:53
Sample: 195901 1989012
Included observations: 372

WVariable Coefficient =td. Error t-Statistic Prob.

C -1.6808912 0164954  -10.2305349 0.0000

LOG(IP) 1. 765866 0.043546 40.551949 0.0000

TB3 -0.011895 0004628  -2570016 0.0106
R-squared 0.836416 Mean dependentvar 5. B63T1T
Adjusted R-squared 0.885800 5.D. dependentvar 0.553803
S.E. of regression 0187183 Akaike info criterion -0.505429
Sum squared resid 1292882 Schwarz criterion -0.473825
Log likelihood 97.00979 Hannan-Cluinn criter. -0.492878
F-statistic 1438848 Durbin-Watson stat 0.008687

Prob(F-statistic) 0.000000
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Normality test — 1

[=] Equation: EQ1 Workfile: BASICS::Basics\ = | =l | |t

[‘u"iewl PrncIDbjecthrintINameI Freezel Estimatel Fnrecast[Stats[Resids-

Representations

Estimation CQutput

Actual, Fitted, Residual »
ARMA Structure...
Gradients and Derivatives ] Std Error t-Statistic Prob.

Covariance Matrix
0.164954  -10.30539 0.0000

Coefficient Diagnostics b 0.043546 40551949 0.0000
Residual Diagnostics 2 Correlogram - O-statistics...
Stability Diagnostics [ Correlogram Squared Residuals...
Label Histogram - Mormality Test
TOUTTEYUETE U TESTT TZ YE00E Serial Correlation LM Test...
Log likelihood g7.00878 .
F-statistic 1430.848 Heteroskedasticity Tests...

Prob(F-statistic) 0.000000
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Normality test — 2

[=] Equation: EQ1 Workfile: BASICS::Basics\ =

[‘u"iewl ProcIDbjectIPrintINameI Freezel Estimatel ForecastlStatsIResids_

a5
- Series: Residualz
an — Sample 1959M01 1985112
Ob=servations 372
25 - | 1
omd - __| ] Mean -1.58e-15
— Median -0.001083
4 Maximum 0.351173
10 Minimum -0.285560
Std. Dev. 0.186678
5 B Skewness  0.121562
Kurtosis 1.5863110
¢ !_ UL L L
0.3 02 01 0.0 o1 0.2 032 JarqueBera 31.89369
Probakbility 0.000000
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Wald test — 1

(=] Equation: EQ1 Workfile: BASICS::Basics\ = [é]

[‘u"iewIP'rocI Dbjectl F‘rintINameI Freezel Estimate[ForecastIStatsIResids_

Representations

Estimation Output

Actual Fitted, Residual »
ARMA Structure...
Gradients and Derivatives Y| std.Emor  t-Statistic  Prob.

Covariance Matrix
0164954  -10.30539 0.0000

Coefficient Diagnostics [ Scaled Coefficients

Residual Diagnostics r Confidence Intervals...

Stability Diagnostics k Confidence Ellipse...

Label Variance Inflation Factors

TOUTT SYUETEU e TZ 9002 Coefficient Variance Decomposition

Log likelihood a7.0087a
F-statistic 1439.848 Wald Test- Coefficient Restrictions...
Prob(F-statistic) 0.000000

Ornitted Variables Test - Likelihood Ratio...

Redundant Variables Test - Likelihood Ratio...
Factor Breakpoint Test..,
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Wald test — 2

[=] Equation: EQ1 Worlfile: BASICS::Basics' o | = | = |

[‘u"iewl PrucIDbjectIPrintINameI Freezel Estimate[FurecastIStatsIResids_

Dependent Variable: LOG(M1)
Method: Least Squares

Drate: 101617 Time: 18:56
Sample: 1959M01 1989M12
Included observations: 372

Variable Coefficient Std. Error t-Statistic Prob.
C -1.699912 0164854  -10.30538 0.0000
LOG{IP) 1. 7A5866 0.043546 40551949 0.0000
TB3 -0.011885 0004628 -2570016 0.0106
Wald Test
R-zquared 0.886 ae e <
Adjusted R-squared 0.8585 . -
S.E. of regression 0187 Coeffident restrictions separated by commas
Sum squared resid 1292 | C(@)=2, c(3)=0
Log likelihood a7.00
F-statistic 1439,
Prob(F-statistic) 0.000
Examples
C(1)=0, C(3)=2C(9) Cancel
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Wald test — 3

(=] Equation: EQ1 Workfile: BASICS::Basics\ = |- |
[UiewlPrncIDbjecth‘rintINameIFreezeIEstimatelFnrecastlStatsIResids_
Wald Test:
Equation: EQ1
Test Statistic Value df Probability
F-=statistic 5215538 (2, 369) 0.0000
Chi-square 104.3108 2 0.0000

Mull Hypothesis: Ci2)=2, C(3)=0
Mull Hypothesis Summary:

Marmalized Restriction (=0) Value Std. Err.
-2+ C(2) -0.234134 0.043546
C(3) -0.011895 0.004628

Restrictions are linearin coefficients.
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Omitted Variable Test — 1

[

(=] Equation: EQ1 Workfile: BASICS:Basics\ =n Bl ===

[‘u’lew I Pro cl Object l Frlnt[ Mame I Freeze l Estimate I Fo recastl Stats I Resids _

Representations

Estimation Output

Actual Fitted Residual »
ARMA Structure...
CErEE R LT " Std.Eror  tStatistic  Prob.

Covanance Matrix

0164954  -10.30539 0.0000

Coefficient Diagnostics 2 Scaled Coefficients

Residual Diagnostics [ Ceonfidence Intervals...

Stability Diagnostics k Confidence Ellipse...

Label Yariance Inflation Factors

OO SUATET e T 2 anE Coefficient Variance Decomposition

Log likelihood 97.00978
F-statistic 1439.848 Wald Test- Coefficient Restrictions...
Prob(F-statistic) 0.000000

Omitted Variables Test - Likelihood Ratio...

Redundant Variables Test - Likelihood Ratio...
Factor Breakpoint Test...
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Omitted Variable Test — 2

F

(=] Equation: EQ1 Workfile: BASICS:Basics' o | = | = |

[‘ufiewl Fruc[ Dbjectl F'r'mtl Namel Freezel Estimatel Fo rer.astl Stats I Resids _

Dependent Variable: LOG(M1)
Method: Least Squares

Date: 10M6M17 Time: 18:56
Sample: 1959M01 1939M12
Included observations: 372

Yariable Coefficient Std. Error t-Statistic Prob.
C -1.689912 0164954  -10.30539 0.0000
LOG(IF) 1. 765866 0.043546 40551949 0.0000
TB2 -0.011895 0.004628  -2570016 0.0106
R-squared 088g41f | Cmitted Variables Test >
Adjusted R-squared 0885800
S.E. of regression 0187183 One or more test series to add
Sum squared resid 12.92882 urate
Log likelihood 87.00979
F-statistic 1438.848
Prob(F-statistic) 0.000000

Cancel
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Omitted Variable Test — 3

[=] Equaticn: EQ1 Workfile: BASICS::Basics), = | =l |t
[ViewIPrncIDbjectlPrinthameIFreezeIEstimatelFnrecastlStatsIResids_
Omitted Variables Test ~

Mull hypothesis: URATE are jointly significant
Equation: EQ1

Specification: LOG(M1) C LOGE) TB3
Omitted Variables: URATE

Yalue df Probability
t-statistic 11.28111 368 0.0000
F-statistic 1272635 (1, 368) 0.0000
Likelinood ratio 110.4866 1 0.0000
F-test summary:

Sum of 3q. df Mean Squares

Test 3R 3322206 1 3322206
Restricted 38R 1292882 369 0.035037
Unrestricted S5R 9606613 368 0.026105
LR test summary:

Yalue df
Restricted LoglL a7.00879 369
Unrestricted LoglL 1522531 368
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Redundant Variable Test — 1

(=) Equation: EQ1 Workfile: BASICS:Basics\ || S|

[‘u"lew[ P'mcl Dt:u'ectl Printl Namel Freezel Estlmatel Furecastl Stats I Resids _

Representations

Estimation Output

Actual Fitted, Residual r
ARMA Structure...
LETEE T L M| Std Emor  tStatistic  Prob.

Covanance Matrix

0164954  -10.305329 0.0000

Coefficient Diagnostics k Scaled Coefficients

Residual Diagnostics k Confidence Intervals...

Stability Diagnostics L Confidence Ellipse...

Label Variance Inflation Factors

OUNMT SYUareu eSSy T2 92602 Coefficient Variance Decomposition

Log likelihood a7.00a79
F-statistic 1439.843 Wald Test- Coefficient Restrictions...
Prob(F-statistic) 0.000000

Crmitted Variables Test - Likelihood Ratio...
Redundant Variables Test - Likelihood Ratio...

Factor Breakpoint Test...
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Redundant Variable Test — 2

"

(=) Equation: EQ1 Workfile: BASICS::Basics o | = | =]

[‘u"lewl P'mcl Dhjed:l P'rintl N,amel Freezel Estlmatel Fnrecastl Stats I Resids _

Dependent Variable: LOG{M1)
Method: Least Squares

Date: 101617 Time: 1856
Sample: 1859KM01 1989M12
Included observations: 372

Yariable Coefficient Std. Error t-Statistic Prob.
C -1.699912 0164954  -10.30539 0.0000
LOG{IF) 1.765866 0.043546 40.55189 0.0000
TB3 -0.011895 0.004628  -2570016 0.0106
R-squared 0.886416 Mean dependentvar 663717
Adjusted R-squared 0.835800 S.D. dependentvar 0.553903
S.E. of regression 0187183 .
Sum squared resid 12 9728 Redundant Variables Test >
Log likelihood a7.008749 )
F-statistic 1430.843 One or more test series to remove
Prob{F-statistic) 0.000000 th3|

Cancel




Redundant Variable Test — 3

&l b
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(=] Equation: EQ1 Workfile: BASICS:Basics',

=)

[‘u"iewl PrncIDbjectIPrintINameI Freezel Estimate[FnrecastIStatsIResids_

Redundant Variables Test
Mull hypothesis: TB3 are jointly insignificant
Equation: EQ1

Specification: LOG(M1) C LOG{IP) TB3
Redundant Variables: TB3

~

Yalue df Probahility
t-statistic 2570016 3649 0.0106
F-statistic 6.604981 (1, 369) 0.0106
Likelihood ratio 6.599733 1 0.0102
F-test summary:

Sum of 3q. df Mean Sguares

Test 3SR 0231422 1 0.231422
Restricted S53R 13.16024 270 0.035568
Unrestricted SSR 1292882 3649 0.035037

LR test summary:
Yalue df

Restricted LogL
nrestricted LoglL

893.70989 aro
g7.00979 3649
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Multicolinearity test — 1

(=] Equation: EQ1 Workfile: BASICS::Basics\ =[]

[‘uflew I Prao cl Object l Prlnt[ Mame I Freeze l Estlmatel Fo recastl Stats I Resids _

Representations

Estimation Output

Actual, Fitted, Residual »
ARMA Structure...
Gradients and Derivatives | StdEmor  tStatistc  Prob.

Covariance Matrix
0164954  -10.30539 0.0000

Coefficient Diagnostics 2 Scaled Coefficients

Residual Diagnostics k Confidence Intervals...

Stability Diagnostics [ Ceonfidence Ellipse...

Label Variance Inflation Factors

OO SUATE T e T 200 Coefficient Variance Decomposition

Log likelihood 97.00978
F-statistic 1430.848 Wald Test- Coefficient Restrictions...
Prob(F-statistic) 0.000000

Omitted Variables Test - Likelihood Ratio...
Redundant Variables Test - Likelihood Ratio...

Factor Breakpoint Test...
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Multicolinearity test — 2

[=] Equation: EQ1 Workfile: BASICS:Basics\ =N =R ™
View | Proc Dbje::tlF‘rint Mame FreezeIEstimate Forecast | Stats Resids-

Variance Inflation Factors
Date: 101617 Time: 19:25
Sample: 1958M01 1988M12
Included observations: 372

Coefficient Uncentered Centered

Yariable Yariance WIF WVIF
C 0.027210 288.8911 A
LOG(IP) 0.001396 359.1504 1.910663

TB3 2.14E-05 1092754 1.910668




Autocorrelation test — 1
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(=] Equation: EQ1 Workfile: BASICS::Basics\

[‘u"iewIPrucI Dbjectl F‘rintl NameIFreezelEstimateIFure::astI StatsIResids_

Representations

Estimation Output

=] & s

Actual Fitted, Residual r
ARMA Structure...
Gradients and Dervatives 3

Std. Errar t-Statistic Prob.

Covariance Matrix

Coefficient Diagnostics r
Residual Diagnostics J
Stability Diagnostics L
Label
TOUTTSUATEUTESTd — TZ IZ00Z
Log likelihood g7.00879
F-statistic 1430.848

0164954 -10.30539 0.0000
0.043546 40.55198 0.0000

Correlogram - Q-statistics...
Correlogram Squared Residuals...
Histogram - Mormality Test
Serial Correlation LM Test...
Heteroskedasticity Tests...

Prob(F-statistic) 0.000000




Autocorrelation test — 2
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(=] Equation: EQ1 Workfile: BASICS::Basics'

= ==

[ViewIP'rcncI Dbjectl PrintINameIFreezeI EstimateanrecastIStatsIResids _

Dependent Variable: LOG(M1)
Method: Least Squares

Date: 10M6M7 Time: 18:56
Sample: 1958M01 18988M12
Included observations: 372

Variable Coefficient Std. Erraor t-Statistic Praob.
C -1.688812 0164954 10305249 0.0000
LOG(P) 1. 765866 0.043546 40551949 0.0000
TB3 -0.011885 0004628  -2570016 0.0106
R-squared 0286416 Mean dependent]Lag Specification p 4
Adjusted R-sgquared 0.885800 3.D.dependentwvi
3.E. of regression 0187183 Akaike info criterig
Sum squared resid 12.92882 Schwarz criterion .
5 to indude:
Log likelihood 97.00979 Hannan-Quinned = ©indkde: |8
F-statistic 1439.848 Durbin-Watson st
Prob{F-statistic) 0.000000

Cancel
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Autocorrelation test — 3

(=] Equation: EQ1 Workfile: BASICS::Basics\ E=x Eol <=
[Uiewl Procl Dbjectl Printl Namel Freezel Estimatel Forecastl Stats I Resids _

Breusch-Godfrey Serial Caorrelation LM Test:

F-statistic 10507 56 Prob. F(2 367) 0.0000
Obs*R-squared 365.6150 Prob. Chi-Square(2) 0.0000
Test Equation:

Dependent Variable: RESID

Method: Least Squares

Date: 101617 Time: 19:07

Sample: 1953901 1989M12

Included observations: 372

Presample missing value lagged residuals setto zero.

Variable Coefficient Std. Error t-Statistic Prob.

C 0.017484 0.021706 0.805476 04211

LOG{IP) -0.005885 0.005735  -1.026106 0.3085

TB3 0.001250 0.000813 2038284 0.0422
RESID(-1) 1.076292 0.052085 2066407 0.0000
RESID(-2) -0.083710 0052223  -1.602952 01093
R-squared 0982836 Mean dependent var -1.56E-15
Adjusted R-squared 0982649 3.D. dependentvar 0136678
S.E. ofregression 0.024580 Akaike info criterion -4 559625
Sum squared resid 0.221908 Schwarz criterion -4 506952
Log likelinood 853.0803 Hannan-Quinn criter. -4 538707
F-statistic 5253782 Durbin-Watson stat 1.470545

Prob(F-statistic) 0.000000
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Autocorrelation test — 4

Durbin-Watson test statistic 4 : 5% significance points of d, and d, .

[=] Equaticn: EQ1 Workfile: BASICS::Basics), = | =l |t
k=1 K=2 k=3 K=4 k=5

[Viewl Pro cI Obj ectl Printl Namel Freezel Esti matel Fa recast[ Stats I Resids - "|d d,| d d,| d d,| d d,| d_ d,
15| 1.08 136| 095 154 082 L1.75] 0.69 1.97| 056 221
Dependent Variable: LOGIM1) 16 | 1.10 1.37] 098 1.54| 086 1.73| 0.74 1.93| 0.62 2.15

. 17 | 1.13 138 1.02 1.54| 090 171| 0.78 190| 0.67 2.10
Method: Least Squares 18 | 1.16 139 1.05 1.53| 093 1.69| 0.82 1.87| 0.71 2.06

Date: 10M6M7 Time: 18:53 19 | 1.18 1.40| 1.08 1.53| 097 1.68| 0.86 1.85| 0.75 2.02
Sample: 1959M01 19 20| 120 141 1.10 1.54| 1.00 1.68| 0.90 1.83| 0.79 1.99
Included observatiols: 372 20| 122 142 113 1.54| 1.03 1.67] 093 1.81| 0.83 1.96
22| 124 143| 1.15 154 1.05 1.66| 0.96 1.80| 0.86 1.94

i — 23| 126 144 1.17 1.54| 1.08 1.66] 0.99 1.79| 0.90 1.92

ﬂanable Coefficient Std. Error t-Statistic Prob. 24| 127 145| 1.19 1.55| 110 1.66| 1.01 178 | 0.93 1.90

25| 129 145|121 1.55| 112 1.66] 1.04 1.77| 0.95 1.89

26| 130 146| 122 155| 1.14 165 1.06 1.76| 098 188

-1.699912 0164954 -10.30539 0.0000 27| 132 147|124 1.56| 1.16 1.65| 1.08 1.76| 1.01 1.86

LUGUF']' 1.765866 0.043546 40.55198 0.0000 28 | 133 148] 126 1.56| 1.18 1.65| 1.10 1.75| 1.03 185

TB3 -0.011895 0.004623 -2.570016 0.0106 29 | 134 148| 1.27 1.56| 1.20 1.65| 1.12 1.74| 1.05 1.84

30 | 135 1.49] 128 1.57| 121 1.65| 1.14 1.74| 1.07 183

T 0886415 Hean dependentvar 5883717 e e R e R
Adjusted R-squared 0.885800 S.D. dependentvar 0.5534803 33 | 138 1.51| 132 1.58] 126 1.65| 1.19 1.73| 1.13 181
S.E. of regression 0.187183 Akaike info criterion -0.505429 341 139 1511 133 158} 127 165} 121 173} L1518l
Sum squared resid 12.92882  Schwarz criterion -0.473825 S0 B B e o Bl Bt S
Log likelihood 97.00979 Hannan-Cluinn criter. -0.492878 37| 142 153 136 1.59| 131 166| 125 1.72| 1.19 180
F-statistic 1438848 Durbin-Watson stat 0.008687 38 | 143 154 137 159 132 1.66| 1.26 1.72| 1.21 L.79
Prob(F-statistic) 0.000000 39 | 143 1.54| 138 1.60| 133 1.66| 1.27 1.72| 122 1.79

40 | 144 154 1.39 1.60| 134 1.66( 1.29 1.72| 1.23 L79
45| 148 1.57| 143 162 138 1.67| 134 172 1.29 1.78
50 | 150 1.59) 146 1.63| 142 1.67| 138 1.72| 134 1.77
551 153 1.60)| 1.49 1.64| 145 1.68| 141 1.72]| 138 177
60 | 155 1.62| 1.51 1.65| 148 1.69| 1.44 1.73| 141 1.77
65| 157 1.63| 1.54 1.66| 1.50 1.70| 1.47 1.73| 144 1.77
70 | 158 1.64| 1.55 1.67| 1.52 L1.70| 1.49 1.74| 146 1.77
75| L60 1.65| 1.57 L68| 154 L.71| L.51 1.74| 149 1.77
80 | L6l 1.66| 1.59 1.69| 1.56 1.72| 1.53 1.74| 151 177
85| 162 1.67| 1.60 170 L.57 L.72| L.55 1.75| 152 L77
90 | 1.63 1.68| 1.61 170 159 1.73| 1.57 1.75| 1.54 178
95 | 1.64 1.69] 1 1| 1.0 1.73| 1.58 1.75| 1.56 1.78
100 1.65 1.69(1.63 1.72))1.61 1.74] 1.59 1.76| 1.57 1.78

n = number of observations

k" = number of explanatory variables
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Heteroskedasticity Tests — 1

(=] Equation: EQ1 Workfile: BASICS:Basics\ ==

"uflewl Pmcl Dl::u'ectl PrintI Namel Freezel Estimate | Forecast | Stats | Resids —

Representations

Estirnation Output

Actual, Fitted, Residual »
ARMA Structure...
Gradients and Derivatives b Std. Errar t-Statistic Prob.

Cowvariance Matrix
0164854  -10.30539 0.0000

Coefficient Diagnostics »| 0.043548 40.55198 0.0000
Residual Diagnostics 3 Correlogram - Q-statistics...
Stability Diagnostics 3 Correlogram Squared Residuals...
Label Histogram - Mormality Test
U SUETEg TESTT T2 92002 Senal Correlation LM Test...
Log likelihood 97.00979 -
F-statistic 1439.848 Heteroskedasticity Tests...

Frob(F-statistic) 0.000000




Heteroskedasticity Tests — 2
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r

[=] Equation: FQ1 Waorkfile: BASICS:Basics'

(= [@][=]

’Viewl Pmcl Dhjectl PrlntI Namel Freezel Estimatel Fao recastl Stats I Resids —

Dependent Variable: LOG{M1)
Method: Least Squares

Date: 10ME6M7 Time: 18:56
Sample: 1959M01 198aM12
Included observations: 372

Variable Coefficient Std. Error t-Statistic Prob.
I T ST - - -
LOG{P) Heteroskedasticity Tests
TB3
Specification

R-squared Test type:
Adjusted R—sqqared Breusch-Pagan-Godfrey Dependent variable: RESID~2
S.E. ofregression Harvey
Sum squared resid Glejser The White Test regresses the squared
Log likelihood ARCH residuals on the cross product of the
F_statistic original regressors and a constant.
Prob(F-statistic) Custom Test Wizard...

Incude White cross terms

Cancel




Heteroskedasticity Tests — 3
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[

[=] Equation: EQ1 Workfile: BASICS:Basics',

=)

[‘u"iew'[ PrcucI Dbjectl Printl Name[ Freezel Estimatel FnrecastlStatsIResids _

Heteroskedasticity Test: White

A

F-statistic 41.85316 Prob. F(5,366) 0.0000
Obs*R-squared 1353233  Prob. Chi-Square(s) 0.0000
Scaled explained 335 39.03343 Prob. Chi-Square(s) 0.0000
Test Equation:
Dependent Variable: RESID*2
Method: Least Squares
Date: 1011617 Time: 19:14
Sample: 195901 1989M12
Included observations: 372
Variable Coefficient Std. Error t-Statistic Prob.
c 4052206 0.335758 12.06881 0.0000
LOG(IPH2 0277804 0.023907 11.62025 0.0000
LOG(IPy*TB3 -0.041623 0.004998  -8.326359 0.0000
LOG(IP) -2 128227 0180168  -11.81793 0.0000
TB32 0.000203 0.000166 1.221508 0.2227
TB3 077205 0.020435 8671671 0.0000
R-=zquared 0363772 Mean dependentwvar 0.034755
Adjusted R-squared 0.355081 S.D. dependentwvar 0.026648
S.E. of regression 0.021400 Akaike info criterion -4.834841
Sum squared resid 01676168 Schwarz criterion -4. 771633
Log likelihood 905.2804 Hannan-Quinn criter. -4.808738
F-statistic 4185316 Durbin-Watson stat 0114550
Prob(F-statistic) 0.000000
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Stability test — 1

[=] Equation: EQ1 Waorkfile: BASICS::Basics\, =

[Viewl Pr:n:l Dbjectl Printl Namel Freezel Estimatel Forecastl Stats I Resids _

Representations

Estimation CQutput

Actual Fitted, Residual k
ARMA Structure...
Gradients and Derivatives *| sStd.Emor  tStatistic  Prob.

Covanance Matrix
0164954  -10.305349 0.0000

Coefficient Diagnostics b|  0.043546 40.55198 0.0000
0.004628  -2570016 0.0106

Fesidual Diagnostics ]
Stability Diagnostics J Chow Breakpoint Test...
Label Cluandt-Andrews Breakpoint Test...
TS YUEATE U eSS TZ YZ00E Multiple Breakpoint Test..,
Log likelihood 87.00979
F-statistic 1430843  Chow Forecast Test..
Prob(F-statistic) 0.000000 Rarnsey RESET Test...
Recursive Estirnates (OLS only) ...
Leverage Plots..,
Influence Statistics...




Stabllity test — 2
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(=) Equation: EQ1 Workfile: BASICS::Basics

= [ | ==

[‘uflewl Pmc[ Dbjectl Pr'mtl Namel Freezel Estlmatel Furecastl Stats I Resids _

Dependent Variable: LOG[MT)
Method: Least Squares
Date: 10M6M7T Time: 1356
Sample: 1859M01 1988M12
Included observations: 372

—

Yariable Coefficient Std. Errar t-Statistic Frob.
C -1.699912 0164954  -10.30538 0.0000
LOG(IF) 176RBAG 0043846 4055199 Qo000
TB3 -0.0 Chow Tests =
R-squared 0.8  Enter one or more breakpoint dates
Adjusted R-squared 0.8
S.E. of regression 0.1 1980M1|
Sum squared resid 12
Log likelihood a7
F-statistic 14
Prob(F-statistic) 0.1

Regressors to vary across breakpoints

c log(ip) tb3

Cancel




Stabllity test — 3
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F

(=] Equation: EQ1 Workfile: BASICS::Basics\

oo e

[‘u"lew I Pro cl Dbjectl Pr'mt[ Mame I Freeze I Estimate I Fo recastl Stats I Resids _

Chow Breakpoint Test 1930M01

Mull Hypothesis: Mo breaks at specified breakpoints
Varying regressaors: All equation variables

Equation Sample: 1959M01 1980M12

F-statistic 407 3087 Prob. F(3,366)
Log likelihood ratio 5459289 Prob. Chi-Square(3)
Wald Statistic 1221.926 Prob. Chi-Square(3)

0.0000
0.0000
0.0000

—
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Stabllity test — 4

(=] Equation: EQ1 Workfile: BASICS::Basics\ = e =
[Vlew[ Pmc[ Dhjectl Prlntl Name[ Freezel Estlmatel Furecast[ Stats I Resids —
Representations
Estimation Qutput ‘:j breakpoints
es
Actual Fitted, Residual 3
ARPAA Structure...
. L Prob. F(3,366) 0.0000
Gradients and Derivatives Y| Prob. Chi-Square(3) 0.0000
Covariance Matrix Prob. Chi-Square(3) 0.0000
Ceefficient Diagnostics L
Residual Diagnostics 3
Stability Diagnostics J Chow Breakpoint Test...
Label Cuandt-Andrews Breakpoint Test...
Multiple Breakpoint Test..,
Chow Forecast Test...
Rarmnsey RESET Test...

Recursive Estimates (OLS only] ...
Leverage Plots...

Influence Statistics...




Stabllity test

-5
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[=] Equation: EQ1 Workfile: BASICS:Basics!

[Viewl Fro cI Dt:u'ectl Pr'mtl Namel Freezel Estimatel Fo recastl Stats I Resids _

Dependent Variable: LOG(M1)
Method: Least Squares

Date: 10M6M17 Time: 18:56
Sample: 1959M01 1988M12
Included observations: 372

(== ][=]

Variable Coefficient Std. Error t-Statistic Prob.
C -1.699912 0164954  -10.30534 0.0000
LOG(IP) 1.765866 0.043546 4055189 0.0000
TB3 -0.0118495 0.004628  -2570016 0.0106
R-squared 0.886416 Mean dependentvar 5663717
Adjusted R‘Squa el L O el W O Aowose s et ase i EE"QU3
S.E. of regressiol Chow Tests > 429
Sum squared res ) 1625
Log likelihood Enter & breakpoint date 378
F-statistic 1988M7| 637

Frob(F-statistic)

Cancel
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Stability test — 6

[=] Equation: EQ1 Workfile: BASICS:Basics!, || [=] ﬁl

[ViewlPrncI Dbjectl F‘rintl NamelFreezelEstimateIFnrecastIStatsIResids _

Chow Forecast Test ~
Equation: EQ1

Specification: LOG(M1) C LOG{IF) TB3

Test predictions for observations from 1938MO07 to 19839M12

Yalue df Probahility
F-statistic 1.818605 (18, 351) 0.0220
Likelinood ratio 3316964 18 0.0154

F-test summary:

Sum of 5q. df Mean Sguares

Test 35R 1.102906 18 0061273
Restricted 35R 1292882 3649 0.035037
Unrestricted 3SR 11.82591 351 0.033692
LR test summary:

Value df
Restricted LogL 87.009749 364
Unrestricted LoglL 113.5946 351

Unrestricted log likelihood adjusts test equation results to account for
observations in forecast sample
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Elasticity and normalized coefficients — 1

(=] Equation: EQ1 Workfile: BASICS:Basics\ = EEl

[Vi.ewl Pmc[ Dhj.ectl P‘ri.ntl h.l.a.mel Freezel Esti.ma.tel Fmeca.stl Sta.tsl Resi.d.s_

Representations

Estimation Cutput

Actual Fitted, Residual k
ARMA Structure...
Gradients and Derivatives | Std.Emor  tStatistc  Prob.

Covariance Matrix
0164954  -10.30539 0.0000

Coefficient Diagnostics J Scaled Coefficients

Residual Diagnostics L Confidence Intervals...

Stability Diagnostics » Confidence Ellipse...

Label Variance Inflation Factors

OO SUATET TESTT T I ZanZ Coefficient Variance Decomposition

Log likelinood §7.00979
F-statistic 1439.848 Wald Test- Coefficient Restrictions..,
Prob(F-statistic) 0.000000

Omitted Variables Test - Likelihood Ratio...
Redundant Variables Test - Likelihood Ratio...

Factor Breakpoint Test...
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Elasticity and normalized coefficients — 2

[=] Equation: EQ1 Workfile: BASICS::Basics\ =[5 S|
WYiew | Proc DbjectlF‘rint Mame FreezelEstimate Forecast | Stats Reslds-

Scaled Coefficients

Date: 101617 Time: 19:28
Sample: 19589M01 1939M12
Included observations: 372

Standardized Elasticity
Wariable Coefficient Coefficient at Means

c -1.699912 MA -0.300141
LOG(IP) 1.765866 0.983445 1.313365
B3 -0.011895 -0.062327 -0.013224

~—— =




Review

KSI:
Sk
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Yo = By + PXey + BoXo + o BaXe g T ELT=1N
yt - dependent variable;

Xlt ’ X2t P Xk—lt

- Independent variables;

gt - residuals.
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Test residual for normality
Test parameter significance
e Overall model
* Individual coefficients
Test for multicollinearity
Test for model stability
Test for residuals autocorrelation
Test for residuals homoscedasticity
Test for specification

Test for stationary process



Thank you for attention!

rC
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