Time Series Econometrics:
Some Basic Concepts

Non-Stationary Variables



Outline

Stationary: What & Why?

1. What & Why

2. How to Test Stationarity

3. How to overcome Non-Stationarity
Spurious Regression

Cointegration and Error Correction Model



Stationary

* Data: Stationary and Non Stationary

e Stationary: The mean, variance and covariance is constant and time invariant
o E.g. let’s Y, be a stochastic process, then;

* Mean: EAY,) = e, (1)
* Variance: var (Y,) = E(Y, = W2 = 0% e (2)
* Covariance: Vi = E[Y =Y =] e (3)

* Where y,, the covariance (or auto-covariance) at lag Kk,
 If k = 0, we obtain y,, which is simply the variance of Y (= 6%); if k =1, y, 1s
the covariance between two adjacent values ot Y



Non-stationary

* The mean and variance is time varying or not constant:
v Random walk without drift (increasing in variance-Y, =Y, +u,)
v'"Random walk with drift (variance and mean is not constant

Y =0+Y_ +u)

v'Random walk with drift around a stochastictrend (Y, _ 3, + Bot + Yt
. ut)



Why?

* |If the data is not stationary, than the OLS estimation is
bias because the mean and the variance is time
varying and not constant

» Unable to make prediction about the relationship
among dependent and independent variables

»Unable to perform forecasting for short term and also
for the long term.



Unit Root Test — Three Types

* By graphical analysis — Plot the graph whether to see the
trend has change or has a constant variation

 Autocorrelation function (ACF) - Box—Pierce Q statistic
» Unit Root Test
I. Augmented Dickey Fuller Test (ADF)



How to detect stationary and non stationary

* In practice we face two important questions:

* How do we find out 1 a given time series 1s stationary
or not?

* Is there a way that 1t can be made stationary?

* Prominently discussed tests 1n the Iiterature are:
e Graphical Analysis
* The Unit Root Test
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Autocorrelation Function (ACF)-significant
test

e Qtest—the standard error test
* Hypothesis

e Hy: p, = 0 (stationary)
e H,: pi # 0(nonstationary)
e K=lag

e C(ritical value a=5%

e —1.96(se) < pr < 1.96(se) = —1.96 (\/%) < p, <196 (\E)n = high observations

e |[fthestatistic Q< y?(a) donot reject H null, mean the time series is stationary



Autocorrelation Function (ACF) for LGDP

i Series: LGDP  Waorkfile: TIME SERIES PART 1:Untitled,

[‘JiewlProchbjectIProperties] [PrinthameIFreeze] [SEmpIeIGeanSheethraphIStatsll

Correlogram of LGDP

Date: 071121 Time: 19:00
Sample: 197101 199104
Included observations: 84

Autocorrelation

Partial Correlation
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0773 -0.024
0735 -0.017
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For LGDP, the value of the Q statistic
up to lag 36 is about 821.51 The
probability of obtaining such a Q value
under the null hypothesis that the sum
of 36 squared estimated autocorrelation
coefficients is zero is practically zero
show the that LGDP is nonstationary
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ACF for LPDI

“i EViews - [Series: LPDI Workfile: TIME SERIES PART 1:Untitled®]
File Edit Cuick Add-ins Window Hel

ViewProcDbjectProperties PrintNameFreeze SHmpIeGeanheetGraphSt;

Options

Object  View Proc

e
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0.964 0.954 20852 0.000
0.928 -0.012 15674 0.000

0.892 -0.031 227.52 D0.00O * For LPDI, the value of the Q statistic

0.854 -0.028 2932532 0.000

0o ho3e 3i03e ooon up to lag 36 is about 865.84 The
0707 0037 50945 0.000 probability of obtaining such a Q
10 0646 -0.019 59414 0.000 value under the null hypothesis that
12 0585 0010 86590 0.000 the sum of 36 squared estimated
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Perform Unit Root Test to Test For
Stationarity: Augmented Dickey Fuller Test

* H null: Series has unit root (meaning series is non-stationarity)

 Series assumptions (your decision-Augmented Dickey Fuller Approach):
1. Constant(i.e intercept) (ay,_; = a + 6Y,_1 + &)

2. Constantandtrend av,.; =a + azt+Y,1 + &)

3. None @v,.,=Y,1+ &)

n
Ayt =a + Q)t + yCYt_l + z @Ayt_i + &
i=1

* If H null is accepted (i.e series has a unit root), it must be differenced to see
if stationarityis achieved after 15t differencing



Visualize to determine the your decision:

8.2 e The LGDP and LPDI seems o
8.1 be drifting or a drift - but not
8.0 a deterministic trends
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The ADF test — at level for LG

Unit Root Test X
Test type
Augmented Dickey-Fuller W
Test for unit root in Lag length
(®) Level
Automatic selection:
() 1st difference ©
D nd differance Schwarz Info Criterion

Maximum lags: | 11

Indude in test equation
@ Intercept
(7) Trend and intercept

(") None

() User specified: | 2

CK Cancel
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View | Proc | Object | Properties Print | Mame | Freeze | | Sample | Genr | Sheet | Graph | 5tats | Ident

L Augmented Dickey-Fuller Unit Root Test on

FMull Hypothesis: LGDP has a unit root
Exogenous: Constant
Lag Length: 1 {Automatic - based on SI1C, maxlag=11)

t-Statistic FPrab. *
Augmented Dickey-Fuller test statistic -1.112988 0.7074
Test critical values: 1% level -3.512290
A% level -2 BO97223
10% level -2.585861
*Mackinnon (19296) one-sided p-wvalues.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D{LGDPF)
Method: Least Squares
Date: 07121 Time: 20:11
Sample (adjusted): 197103 199104
Included observations: 82 after adjustments
Variable Coefficient Std. Error t-Statistic Frob.
LGDPR-1) -0.007470 0006712 -1.112988 0.2691
CHLGDOP-1)) 0.259043 0104105 2.448856 0.0009
C 0065627 0055487 1182754 02405
R-squared 01463223 Mean dependentwvar 0.006119
Adjusted R-squared 0124711 S.0D. dependent var 0.009775
S.E. of regression 0009145 Akaike info criterion -6.515295
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The ADF test — First Difference for LGDP

Unit Root Test

Test type
Augmented Dickey-Fuller

Test for unit root in

() Level
(®) 1st difference

(") 2nd difference

Include in test equation
@ Intercept
(") Trend and intercept

D Mone

Lag length

(®) Automatic selection:
Schwarz Info Criterion

Maximum lags: | 11

() User spedified: | 2

Ok Cancel

¥a File

Object  View Proc Add-ins

Edit Quick Options Window Help

Sample | Genr| Sheet| Graph | Stats | Ident

View | Proc| Object | Properties | | Print| Name | Freeze

1L

Augmented Dickey-Fuller Unit Root Test on D{L

Mull Hypothesis: D{LGOP) has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=11)

tstatistic Prob.*

Augmented Dickey-Fuller test statistic -6.100659 0.0000

Test critical values: 1% level -3.512290
5% level -2.897223
10% level -2.585861
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D{LGDP,2)
Method: Least Squares
Date: 071121 Time: 20:14
Sample (adjusted): 197103 199104
Included observations: 82 after adjustments
Wariable Coefficient Std. Error t-Statistic Prob.
D{LGDP{-1)) -0.635295 0104136  -6.100654 0.0000
C 0.003885 0.001194 3.248501 0.0017
R-squared 0.317511 Mean dependent var -5.35E-06
Adjusted R-squared 0.2089380 S.D. dependentvar 0.011018
S.E. of regression 0.009159  Akaike info criterion -6.524126

Sum squared resid 0.006711  Schwarz criterion -6.465426
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ADF test — LPDI at Level

Augmented Dickey-Fuller Unit Root Test on LPDI

Unit Root Test -
Test type
Augmented Dickey-Fuller v
Test for unit root in Lag length
(@) Level
Automatic selection:
() 1st difference ®
() 2nd difference Schwarz Info Criterion

Indude in test equation
@ Intercept
() Trend and intercept

I:::l Mone

Maximum lags: | 11

() User specified: | 2

QK Cancel

o

bA Series: LPDI Workfile: TIME SERIES PART 1:Untitled!,

L= [ ] mesm]

[UiewlPrnchbjecthrnperties] [Printl NameIFreeze] [SEmpIelGean SheetIGraphIStatsll

Augmented Dickey-Fuller Unit Root Test on LPDI

Mull Hypothesis: LPDI has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxiag=11)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -1 416752 0.5703
Test critical values: 1% level -3.511262
A% level -2.8967749
10% level -2 535626
*Mackinnon (1996} one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: DILPDI)
Method: Least Squares
Date: 071121 Time: 20:20
Sample (adjusted): 197102 199104
Included observations: 83 after adjustments
Yariable Coefficient t-Statistic Prob.
LPDI-1) -0.010311 -1.416752 0.1604
C 0.088285 1.528433 0.1303




The ADF test — First Difference for LPDI

b Series: LPDI Workfile: TIME SERIES PART 1:Untitled?, | =] || [=] ||i3-|
H Unit Root Test }{ [UiewlPrnchbjecthrnperties] [PrinthameIFreeze] [SamplelGeanSheetIGraphlStatsll
I Augmented Dickey-Fuller Unit Root Test on D{LPDI)
L Test type Mull Hypothesis: D(LPDI) has a unit root "
- ) Exogenous: Constant
Augmented Dickey-Fuller W Lag Length: 0 (Automatic - based on SIC, maxlag=11)
= t-Statistic Prob.*
nl  Test for unit rootin Lag length _ —
— Augmented Dickey-Fuller test statistic -0.436743 0.0000
G ':::'LE'H'E| @.ﬁ. tomatic selection: Test critical values: 1% level -3.512290
@) 1st difference Sl EosuzEs Ll 5% level -2.807223
L 10% level -2 585861
. Schwarz Info Criterion
(") 2nd difference
= ) *Mackinnon (1996) one-sided p-values.
K . . Maximum lags: | 11
Indude in test equation
@ Augmented Dickey-Fuller Test Equation
Intercept Dependent Variable: D(LPDI,2)
n l:::lTrEI'u:l and intercept ru1ethpd:Leastquar§s .
af DUEEF spEIjﬁEd: 2 Date: 07M11/21 Time: 20:22
i (C) None sample (adjusted); 1971Q3 199104
0 Included observations: 82 after adjustments
h Variable Coefficient Std. Error t-Statistic Prob.
0K Cancel
d Di{LPDI-1)) -1.0531549 0111602 -9.436743 0.0000
= C 0.006752 0.001388 4 827515 0.0000 v
Wariahla Mnaffiriant 2tAd Frrar - Ctatictie Prok




Lets compare the data for level and first
difference —

- i * Seem to show that
o | M m/\ﬂmﬂﬁm the first difference is
72 AE W v stationary — now we

" . are going to test —

R =R ADF test — (also can

o o apply ACF in this case

) ; —you can try it later)
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Lag selection- Before Cointegration

* Before performing cointegration test and VEC modelling, we need to
determine the optimal number of lags

WAR Specification =L
Vector Autoregression Estimates
. - Date: 07121 Time: 20043
Basics VAR Restrictions Sample (adjusted) 1971Q3 199104
Included observations: 82 after adjustments

VAR type Endugenﬂus variables Standard errors in ( ) & t-statistics in []
(@) Standard VAR lgdp Ipce Ipdi Iprofits LGDP LPCE LPDI LPROFITS
(O vector Error Correction LGDP(-1) 0.519799 _0.092604  -0.082364  -2.402574
() Bayesian VAR (0.14932) (0.12192) (0.18545) (1.29700)
[ 4.15093] [0.74748] [0.4T645] [1.92666]
Estimation sample Lag Intervals for Endogenous: LGDP(-2) -0.058921 -0.265004 _0.0FTFST0 0746310
(0.14509) (0.12807) (0.18145) (1.26898)
197191 199194 12 [0.40332] [-2.05305] [-0.42750] [0.58812]
LPCE(-1} 0.642212 1.093103 0.826566 3.506485
(0.155356) (0.13726) (0.19297) (1.34953)
N T [4.13363] [ 7.96386] [4.28342] [2.59831]
LPCE(-2) -0.045537 0.332415 0243753 -0 466022
€ (0.18726) (0.16544) (0.23258) (1.62657)
[-0.24318] [ 2.00933] [1.47797] [-0.28706]
LPDI-1) 0.007415 0.004733 0.575371 ~0.176102
(0.09614) (0.08493) (0.11941) (0.83508)
[0.07713] [ 0.05631] [4.81850] [-0.21088]
LPDI(-2) 0237745 _0.118214 0.048937 1264373
(0.00638) (0.08515) (0.11971) (0.23719)
[2.46672] [1.38832] [ 0.40879] [1.652970]
LPROFITS(-1) 0.005711 -0.027753 -0.056451 1112872
(0.01487) (0.01314) (0.01847) (0.12916)
Cancel [0.38410] [2.11258] [-2.05653] [8.61611]

]

LPROFITS(-2) -0.00z2092 0.023917 0.059336 -0.1624326



* Based on LR FPE AIC SC HQ, the lag selected is
lag 1 and 2

* We use this for cointegration test

Lag selection

1%i EViews - [Var: UMTITLED Workfile: TIME SERIES PART 1:Untitledh]

. . — - __ . ; . . e 4 EViews - [Var: UNTITLED Workfile: TIME SERIES PART 1:Untitled\]
[E File Edit Object View Proc Cuick Options Add-ins Window Help

[E File Edit Object View Proc Quick Options Add-ins Window Help

Estimate | Forecast | Stats | Impulse | Resids View | Prac | Object || Print | Mame | Freeze | | Estimate | Forecast | Stats | Impulse | Resids

VAR Lag Order Selection Criteria EepEsentations |
Endogenous variables: LGDP LPCE LPDI LPROFITS Estimation Qutput
Exogenous variables: C Residuals *
Date: 0711/21 Time: 20:45 Structural Residuals * ents
Sample: 1971011 199104
Included observations: 77 Endogencus Table
e e LPCE LPDI LPROFITS
Lag LoglL LR FPE AlC SC HQ
Lag Structure 3 AR Roots Table
0 533.1356 MA 1.26e-11 -13.74378 -13.62203 -13.69508 Residual Tests b AR Roots Graph
1 9359573 ThH3.3289 54Te-16 2379110 -2318232% -23.54759 Cointegration Test... Granger Causality/Block Exogeneity Tests
2 961.2313 44639807 432e-16% -24.03198% -2293618 -23.59367* | - e e e
3 9745866 2220104 4.66e-16 -23.96329 -22.38046 -23.33017 TpUIEE EEREnSS.. 29 mecusan ==
4 032 3603 1212831 587e-16 -2374935 -2163000 -22.92193 [lanancelllecampostian S Ty (e
5 088.8470 9422142 7.72e-16 -23.50252 -20.04564 -22.47979 Historical Decomposition... 2 1.093103 0.826566 3.506485
E) (0.13726) (0.19297) (1.34953)
& 1002.830  18.88567  8.4%e-16 -23.45012 -20.40622 -22.23259 Label Bl [7oo388]  [428342]  [259831]
7 1013.049 1274066 1.04e-15  -23.29997 -19.76904 -21.88763
LPCE(-2) -0.045537 0.332415 -0.343753 -0.466922
(0.18726) (0.16544) (0.23258) (1.62657)
* indicates lag order selected by the criterion C0.24378] [2.00933] C1.4rrar] C-0.28706]
LR: sequential modified LR test statistic (each test at 5% level) LPDI(-1} 0.007415 0.0047832 0.575371 -0.176102
FPE: Final prediction error (0.09614) (0.05493) (0.11941) (0.83508)
AIC: Akaike information criterion [0.07713] [0.05631] [4.81850] [-0.21088]
SC: Schwarz information criterion LPDI(-2) -0.237745  -0.118214 0.048037  -1.354373
HQ: Hannan-Cuinn information criterion (0.09638) (0.08515) (0.11971) (0.83719)
[2.46672] [-1.38832] [ 0.40879] [-1.62970]
LPROFITS(-1) 0.005711 -0.027753 -0.056451 1.112872
(0.01487) (0.01314) (0.01547) (0.12916)
[0.38410] [-2.11259] 3.05653] [8.61611]

LPROFITS(-2) -0.003098 0.023917 0.059836 -0.163436



Cointegration

» After verifying variables are I(1), we run Johansen Cointegration Test

 The LAGS determined by lag selections criteria (here, 12 or 2 lags

Johansen Cointegration Test

Cointegration Test Spedification  VEC Restrictions

Ceterministic trend assumption of test

Assume no deterministic trend in data:
(1) Mointercept or trend in CE or test VAR
{)2) Intercept {no trend) in CE - no intercept in VAR

Allow for linear deterministic trend in data:
(®3) Intercept {no trend) in CE and test VAR
()4) Intercept and trend in CE - no intercept in VAR

Allow for quadratic deterministic trend in data:
{)5) Interceptand trend in CE - intercept in VAR
Summary:

()8) Summarize all 5 sets of assumptions

* Critical values may not be valid with exogenous
variables; do not indude C or Trend.

Exog variables™

Lag intervals

12

Lag spec for differenced
endogenous

Critical Values

(@) MHM

Size | 0.05

() Osterwald-Lenum

Cancel

x

lui EVWiews - [War: LUIMNTITLED Workfile: TIME SERIES PART 1:x:Untitled™]
[Ehl File Edit COhbject Wiew

"\u"iewProcDbject PrintNameFreeze

Proc

Cruick O ptions Add-ins

Estimate | Forecast | Stats |

Windoww Help

Impulse | Resids

Date: OFM 121 Time: 20:48

Sample (adjusted): 197 1C4 199104
Included cbservations: 81 after adjustments
Trend assumption: Linear deterministic trend
Series: LGDP LPCE LPDI LPROFITS

Lags interval (in first differences): 1 to 2

Linrestricted Cointegration Rank Test (Trace)

Hypothesized

Trace
Statistic

005
Critical Walue

ProbD =

MNo. of CTE(s) Eigenvalues
rMone = oO.=229571
At most 1 0. 1326256
At most 2 0096042
At most 2 00246547

62 04596
22 06495
1020019
20214032

47F 856132
29 79707
15 49471
2.841466

00014
02949
02657
0. 1551

Trace test indicates 1 cointegrating egn(s) at the 0.05 level
* denotes rejection of the hypothesis atthe 0.05 level
**fMackKinnon-Haug-Michelis (1999} p-values

Linrestricted Cointegration Rank Test (Maximurm Eigenvalueae)

Hypothesized

Max-Eigen
Statistic

0.05
Critical Walue

FrobD ==

Mo, of CE(s) Eigenvalus
MNonea = 0.3539571
A most 1 O.125255
A most 2 DO.095042
A most 3 O 024647

29 93101
11. 85475
2172791
Z. 021403

27 554324
21 13162
14 254650
2 841465

00003
0.5511
0.2508
O 1551

Max-eigenvalue test indicates 1 cointegrating egni{s) at the 005 leval
* denotes rejection ofthe hypothesis atthe 0.05 level
*Macklinnon-Haug-Michelis (1999) p-values

Unrestricted Cointegrating Coefficients (normalized by ™51 1%b=I):




Vector Error Correction model

* If nonstationary but I(1) time series are cointegrated, we can run the VECM to examine both the
short-run and long-run dynamics of the series

* Conventional ECM for cointegrated series:

0 n
Ay, =By + D By, + ) A% +0z,, +1,

* zisthe ECT :a:r:d is the OLIS:OresiduaIs from the following long-run cointegrating regression:
Y. =Po +BiX, +&
...and is defined as

z,, =ECT_, =5, —Po —P Xy,

* The term, error-correction, relates to the fact that last period deviation from long-run equilibrium (the
error) influences the short-run dynamics of the dependent variable

* Thus, the coefficient of ECT, ¢, is the speed of adjustment, because it measures the speed at which Y
returns to equilibrium after a change in X. "




Vector Error Correction model

1ui EVWiewes - [War: UMNTITLED “Workfile: TIRME SERIES P
EET File Edit Oraject W e Proc Lo T Ot

T = | Proc | Crhject Primt | rHarme | Freeze Estimate | Fc

VAR Specification

Basics Cointegration VEC Restrictions

Wector Error Correction Estirmates

Crate: OF 11521 Time: 20: 52

Sample (adjusted):. 197 1A 1991 g
INncluded observations=s: &1 after adjustrments
Stanmndard error=s imn { ) & t—=statistic= im []

Cointegratimg Eqg: CointEg

L= -1% A 000000

LPCE—1) -1 . 226357
(O 12AZT )
[-9. S 7 OG4]
LPED—1) O A4FSA09
e I I S Ta =
[ 2. 2a4==1]

LPRCOFIT=S-1) O 0O1M2753=

VAR, type Endogenous variables
O standard VAR lgdp Ipce Ipdi lprofits
@ Vector Error Correction

O Bayesian VAR

Estimation sample

(0. 0073220
[ 1. &==202=]

1. F244FF

1971q1 1991g4

Lag Intervals for D{ Endogenous ):
12

Exogenous variables

Do MOT indude C or Trend in VEC's

Cancel

Error Correction: DILESDP) C{LPCE) CHLP) DIILPROFITS)
CointEg -0.342926 —0. 443602 -0. 207187 -2 443886
(0.08798) (0.0F148) (0. 10507} (0. 732924)
-3.89777] 5. 275601 -2 92357] 3. 30596]

DL SGDP-1 )

DILESODP(-2))

DHLPCE-1))

DL CE-23)

CHLPDI=1 3}

CHLP D=2 )

CHMLPROFITS0-13)

CHLPROFITS(-2)}

0051226
(D AT TFES)
[ 0.28852]

0. 12FFA2
(0. 15322)
[ 0.29550]

0. 101542
(0. 23268)
[ 0. 432653]

-0.03213297
(D 206327)
[0 15214]

0122502
(011012}
[1.71183]

-D0.057F598
(O 10160)
[[O.S665693]

0.007F016
(0.01505)
[ 0. AGE13]

-0 002102
(0. 01547 )
[FO.127E51]

0.24325938
(O 144260
[ 2.38183]

0272724
(0. 12492 )
[2.12221]

-0.6801986
(0. 15905)
[-Z2.15421]

-0 251252
(D 16763
[-2.15443]

0222084
(0.0S947 )
[ 2.48213]

0. 120343
(D 03255)
[ 1.45¥F¥5338]

-0.022039
(0.012232)
[-1.20608]

-0.0Z20981
(0.0132323)
[-1.567F53]

02740473
(0. 2712040
[ 1.00243]

0.522236
(018270}
[ 2.20243]

o.187F181
(0. 27 F59)
[ D.67F359]

-0 452834
(0. 24647)
[-1.832728]

-0 105357
(012151}
[-0.20111]

-0 141553
(D 121323)
[-1.16664]

-0. 045967
(0.01F7AS)
[-2. 55599]

-0, 004498
(0. 01257}
[-0.22865]

0213199
(1. 49133)
[ 0. 21329]

-0, FE0001
(1.29242)
0. 522 04]

-0. 410255
(1. 95507
[-O.20954]

-1.253149
(1. 73403)
[(0O.7T2268]

1.2E2502
(0. 9252F)
[ 1.47254]

0.575821
(0. 85365)
[D.6F¥8317]

0166455
(0. 12648}
[ 1.21609]

0.004291
(013841
[ ©.0Z2100]



The output

 Estimated VECM with LGDP as target variable:

« DLGDP, = —0.34292582(ECT(—1)) +0.051225999D(LGDP(-1)) + 0.137742438D(LGDP(-2))+

0.101643257D(LPCE(-1)) -0.031397295D(LPCE(-2)) + 0.188508359D(LPDI(-1)) +
0.057597656D(LPDI(-2)) + 0.007016434 D(LPROFITS(-1)) -0.00210206 D(LPROFITS(-2)) +

0.003549

Cointegrating equation (long-run model):

 Ect(-1) = 1.000 LGDP(-1) -1.32636 LPCE(-1) +0.478409 LPDI(-1) +0.012763477
LPROFITS(-1) -1.72448



Make into a systemto estimate—finding P value

— _ _ _ _ To find P value for
|1I||"lE'I|'|.|'| F‘mc| Dt:uecl:l Pnnt| I!'n.lame| Freezel InsertT:-rI:| Estlmate| 5pec| Stats | Resids _ C(1) - the error

DILGDP) = C{1)*( LGDP(-1) - 1.32635670644*LPCE(-1) + 0.478409375697*LPDI-1) + 0.0127634767491"LPROFITS(-1) - correctionterm

1.7244773307V8 ) + C2y"DILGDP(-1)) + C(3)* D(LGDP(-2)) + C{4)"D{LPCE(-1)) + C(3)"D{LPCE(-2)) + C{6)*"D(LPDI{-1)) + C{7)*D({LPDI
(-2)) + CIB'D{LPROFITS{-1)) + C{9)*DILPROFITS({-2)) + C{10)

D(LPCE) = C(11)*( LGDP(-1) - 1.32635670644*LPCE(-1) + 0.478409375697*LPDI(-1) + 0.01276347674! () var VARD! Werkfile: TME SERIES PART TsUntitied oo e
1?244??330?3 } + Cﬁ 2FD [LGDP[‘1 H + Eﬁ 3}*D ELGDPEEH + I:ﬁ 4FDELPEEE‘1 :” + I:ﬁ 5FD [LPDEE'EH " | Wiew PmcIDbjectl PrinthameIFreezel EstlmatelFurecastIStatsllmpulseIResldsl
*DILPDI-2)) + CO18 D(LPROFITS(-1)) + C(19)*D(LPROFITS(-2)) + C(20) Specify/Estimate ... mates
Vech Make Residuals o
D(LPDI) = C21)* LGDP{-1) - 1.32635670644*LPCE(-1) + 0.478409375697*LPDI(-1) + 0.012763476749 2:;‘: B
172447733078 ) + C(22)*D(LGDP(-1)) + C(23)"D(LGDP(-2)) + C(24]"D(LPCE(-1)) + C(25)'D(LPCE(-2)) - Inclu  MakeMode
*DILPDI-2)) + C(28"D(LPROFITS(-1)) + C(29)*D(LPROFITS(-2)) + C(30) ﬂate E”‘_’“tge”“:‘ G:“P
| ake Cointegration Group
H Make Systern » Order by Variable
D(LPROFITS) = C(31)( LGDP{-1) - 1.32635670644*LPCE(-1) + 0.478409375697*LPDI(-1) + 0.01276347 e Order by Log
1724477330738 ) + C3ZVDILGDP{-1)) + C(32) DILGDP(-2)) + C{34 DILPCE(-1)) + CLA5y* D{LPCE(-2)) - _
*D(LPDI(-2)) + C(38)*D(LPROFITS(-1)) + C(39)*D(LPROFITS(-2)) + C(40) fee SRESE
LPDI-1) 0.473409
(0.14309)
[3.34331]
LPROFITS(-1) 0.012763
(0.00782)
[1.63203]
c -1.724477
< [ N LT o L o L YT RN nn}-— 7
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P T S

]

Add-ins

[e]llld W Options

Sample...
Generate Series...
Show ...
3262 Graph ...
et Empty Group [Edit Series)
sggl:l Series Statistics
Group Statistics
?JEIjF' Estimate Equation...

Estimate WAR...

Window

Help

A7*LPDI-1) + 0.0127634767491*LPROFI

EO7*LPDI-1) + 0.01276234767491*LPROF
C(20)

O7*LPDI(-1) + 00127634767 491" LPROFI
N

Drescriptive Statistics 3

|
Covariances LF

Correlations

Equation Estimation

Spedfication  Options

Equation specification

Cross Correlogram
Johansen Cointegration Test

Granger Causality Test

Dependent variable followed by list of regressors induding ARMA
and POL terms, OR. an explidt equation like ¥ =c(1) +c(2)*X.

D{LGDP) = C{1)*{ LGDP(-1) - 1326356 70644*LPCE(-1) + 0.478409375597*LPCI
{-1) + 0.0127634767491*LPROFITS(-1) - 1. 72447733078 ) + C(2)*D(LGOP(-1))
+C(3)*D(LGDP(-2)) + C{4)*D{LPCE(-1)) + C(5)*D{LPCE(-2)) + C(8)*D(LPDI{-1))
+C{7V*D{LPDI(-2)) + C{B)*D{LPROFITS(-1)) + C(8)*D(LPROFITS(-2)) + c(10)|

Estimation settings

Method: | |5 - Least Squares (MLS and ARMA) w

Sample: [ 197101 199104

Cancel

Finding A p Value for the error correction term — abut 34 percent departure
from long run equilibrium corrected each period —the independent variable

granger causes LGDP in the long run

1“" EViews - [Equaticn: UMNTITLED Workfile: TIME SERIES PART 1:Untitled™]
Object  Wiew

B File Edit
YWiews | Proc | Ohject

Proc

Print | Mame | Freeze

Cruick

O ptions

Add-ins

Estimate | Forecast | Stats

Window

T #TTST

Cependent Variable: D{LGDP)

Method: Least Squares (Gauss-HNewton / Margquardt steps)

Date: 07121 Time: 21:09
Sample (adjusted): 1971004 1997014

Included observations: 81 after adjustments

CLGDP)Y = C{1y LGOP{-1) - 1. 3263567 0644*LPCE(-1) + 0. 478409375697
*LPDH-1)+ 0012763476749 1 LPROFITS(-1) - 1. 72447733078 ) + C(Z)
*CHLGODP-13) + CAVDLGDP-2)) + Cld P DILPCE-1)) + S5 DMLPCE]
=2) + SV DILPDI-1)) + CFYFDLPDI-2)) + S8V DI{LPROFITS(-1)) +

COFDMLPROFITSE2)) + C10)

Help

Coefficient Std. Error t-Statistic FProfb.
(1) -0.342926 0.087980 -3.897763 00002
(2} 0051226 0177549 0238517 0.7738
C(3) 0137742 0153817 0895497 0.3735
(4) 0101643 0232682 04326833 0.6636
=y -0.031397 0206375 -0 152137 0.87395
Z(6) 0188508 0110121 1. 711832 0.0913
(7)Y -0.0575938 0101596 -0.566927 05726
Z(3) 0007016 0.015053 0. 466127 0.6426
(9} -0.002102 0.016473 -0 127607 0.89288
10y 0003549 0.001617 21951138 00314
FR-squared 0.4230903 Mean dependent var 0006117
Adjusted R-squared 0415101 S0 dependent var 0009836
S.E. of regression 0.007522 Akaike info criterion -6. 826747
Sum squared resid 0004018 Schwarz criterian -G.531136
Log likelihood 286 4833 Hannan-Cuinn criter. -6. 708144
F-statistic T.3038428 Cwurbin-YWatson stat 1.975212
FProb(F-statistic) 0000000




Causality for the short run variables

“i EViews - [Equation: UNTITLED  Workfile: TIME SERIES PART 1:Untitled]
B File Edit Object View Proc Quick Options Add-ins Window Help

Representations
Estimation Cutput
Actual Fitted Residual
ARMA Structure..,

Gradients and Derivatives

Covariance hatrix

Estimate | Forecast | Stats | Resids

wion / Marquardt steps)

d’
stments

\38670644*LPCE(-1) + 0.4734093756497
FLPROFITS(-1) - 1.72447733078 ) + C(2)
=2)) + Ci4y*D(LPCE(-1)) + C(BYD(LPCE[
DiLPDI-2)) + CIBYDILPROFITS-11) +

-

Coefficient Diagnostics 4 Scaled Coefficients
Residual Diagnostics 4 Confidence Intervals...
Stability Diagnostics 4 Confidence Ellipse...
Variance Inflation Factors
Label
TII7 UTITT Coefficient Variance Decomposition
Cid) 0.1016¢
Ci5) -0.0313¢ Wald Test- Coefficient Restrictions...
EEE; _gagggE Omitted Variables Test - Likelihood Ratio...
Ci8) 0.0070° Redundant Variables Test - Likelihood Ratio...
C(9) -0.0021( .
Factor Breakpoint Test...
C(10) 0.0035¢ 3
R_zanarard nA2nan?  Maan danandantvar NnNNE147

Wald Test X * Does allindependentvariables

. " granger cause LGDP?
Coefficient restrictions separated by commas

C{4)=C(5)=C(8)=C(7)=C(8)=C(9)=0 * No causality between LGDP,
LPCE,LPDI and LPROFITS or no
shortrun relationship

“i EViews - [Equation: UMNTITLED Workfile: TIME SERIES PART 1:Untitled®

El File Edit Chject  VWiewwr Froc QOuick Crptions Add-ins Weindy
Wiew | PFroc | Ohbhject

Primnt | Mame | Freeze Estimate | Forecast | Stats | Eesids

Wald Test:

Equation: Lintitled

Test Statistic Walue df Probakbility
F-statistic 1006736 (6, ¥1) 04279
Chi-square G.040415 & 04187

FMull Hypothesis: Cld4 ) =C({5)=C(6)=C({F =C(3 =_(9)=0
rHMull Hypothesis Summary:

MHMormalized Restriction (= 0} Walue Std. Err.

) 0101643 0232682
C05) -0.031397 0206375
(6} 01285083 01107121
) -0.057598 0101596
{8y 0007016 0015053
{9y 0002102 0016473

Restrictions are linear in coefiicients.



SERIAL CORRELATION sesicoretion

mi EViews - [Equaticn: LIMNTITLED Workfile: TIRME SERIES PART 1:Untitled™]
[ = | File Edit CObhject Wiewwr Proc Quick Crptions Add-ins Wi d o Help

YWiewr | Proc | Object FPrint | Mlame | Freeze Estimate | Forecast | Stats

i

1= Equation: UNTITLED Workfile: TIME SERIES PART 1:Untitled', Elﬁ Breusch-Sodfrey Serial Correlation LM Test:

l‘u‘iewlPrnclDbjecthrintINameIFreeze EstimatelForecastIStatsIResids- Mull hypothesis: No serial correlation at up to 2 lags
Representations F-statistic 1.222421 Prob. F(2,69) 0.2979
Obs R-squared 2793843 Prob. Chi-Square(Z) 02474
Estimation Cutput
Actual, Fitted, Residual L4 ili
df Probability Test Equation:
ARMA Structure.., 6.71) 04279 Crependent Variable: RESID
Gradients and Derivatives 4 IE 0.418? Method: Least Scu__l:ares
: Drate: OFMZ2/21 Time: 01:53
Covariance Matrix Sample: 197104 199104
Included cbservations: 81
Coefficient Diagnostics r B(T)=C(8)=C(9)=0 Presample missing value lagged residuals set to zero.
AT TN e g SRR E - FLE Variable Coefficient Std. Error t-Statistic Prob.
Stability Diagnostics 4 Correlogram Squared Residuals...
] ] (1) -0. 125580 0278611 -0. 425989 062738
Label e C(2) -0.649616 0.607335 -1.069616 0.2885
o serial Correlation LM Test... 2D 0257058 0.224309 1.145996 0.2553
C(6) o Ay -0.207 758 0. 422036 -0.49227TF5 06241
c7) Heteroskedasticity Tests... (5 02681532 0267758 1001476 0.2201
(6 0.o022097 0191449 0. 428220 06694
EEEE: _ﬁﬁg;%g gg:}gg_gg ZF ) 0. 105485 0185171 055956561 05703
o ) Z(8) 0000595 0015012 0029501 095685
C(a)y 0004139 0017681 0226918 08124
100 0000685 0002170 0.215997 02296
RESIDH-1) 0806569 0841377 0958630 0. 3411
RESID-2) -0. 4325144 0.293022 -1. 485025 01421
R-squared 0024492 Mean dependant var -F. 98E-18
Adjusted R-squared -0 1194320 S0 dependent var 0007087
S E. ofregression 00074858 Akaike info criterion -6 812465
Sum squared resid O.0032879 Schwarz critericon -6 457 F32
Log likelinood 287.9048 Hanmnnan-CQuinn criter. -6.670141
F-=tatistic 0. 224087 Curbin-Wat=son stat 20329448

FProb(F-statistic) 0995219




Key Concepts

1. Stochastic Processes

1. Stationarity Processes
1.  Purely Random Processes
m. Non-stationary Processes

2. Random Walk Models

1. Random Walk with Drift
11. Random Walk without Drift

3. Unit Root Stochostic Processes
4.Deterministic and Stochastic Trends
5. The Phenomenon of Spurious Regression

6. Tests of Stationarity/non-stationarity

1. Graphical Method
1.  Unit Root Tests



