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Eviews Practicals — Time Series

« Computer Lab 1:
»Box-Jenkins Methodology,
»Unit Root Tests

« Computer Lab 2:

» Cointegration Tests (Engle-Granger &
Johansen)

« Computer Lab 3:

» ARCH/GARCH Modelling

» Forecasting from GARCH Models
« Computer Lab 4.

» Practice Review



Johansen’s Approach to Cointegration

Consider two variables, X; and Y, each of which
IS integrated of order 1:

X, ~1(1)and

Y, ~1(1)

It can be shown that at most there exist only one
cointegrating vector.

But how about when we consider more than 2
variables?

Also, how to choose the dependent variable?
Residuals vary based on which time series is set
as the DV.



Johansen’s Approach to Cointegration

* If we have « n » variables, there can be up to
« n-1 » cointegrating vectors.

* Each of these form a long-run equilibrium
relationship between the variables.

» Johansen (1988) developped a method for
both:

v'Determining how many cointegrating
vectors there are, and

v Estimating all the distinct relationships.



Johansen’s Approach to Cointegration

» Cointegration refers to a linear combination of
nonstationary variables,

* The Johansen test approaches the testing for
cointegration by examining the number of
Independent linear combinations (r) for an « n »
time series variables set that yields a stationary
process.



Johansen’s Approach to Cointegration
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The number of independent linear combinations (r) Is
related to the assumed number of common non-stationary
underlying process (p) as follows: p=n-r

In other terms: the rank of the matrix is the same as
the number of cointegrating vectors.

Note:

Full rank = when all the vectors in a matrix are linearly
Independent = all the series in the cointegrating space
should be stationary (i.e 1(0), i.e the variables do not have
unit roots).
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Johansen’s Approach to Cointegration

* The number of independent linear combinations (r)
IS related to the assumed number of common non-
stationary underlying process (p) as follows:

P =n-r
* Three possible outcomes:

1) r=0, p=n :in this case, time series variables are
not cointegrated.

2) 0<r<n, 1<p<n: In this case, the time series are
cointegrated.

3) r=n, p=0, all time series are stationary (I(0) to
start with; Cointegrating Is not relevant here.



An illustration of the Johansen’s
Approach to Cointegration

By examining the number of independent
combinations, we are indirectly examining the
cointegration existence hypothesis.

The Johansen test is performed through two
statistics:

The Trace Test (A, ,..) and,
Maximum Eigenvalue (A .,) -



The Trace Test Statistic A

trace

* The trace test examines the number of linear
combinations (r) to be equal to a given value
(ro) and the alternative hypothesis for « r » to
be greater than ry :

* Hy :1r=1,

* H,. r>r1,
 To test for the existence of cointegration using
the trace test, we set ry = 0 (No Cointegration),

and examine whether H, can be rejected (i.e
there Is at least one cointegration relationship).
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The Trace Test Statistic A

trace
* Hy :1r=r4
* Hl: r= lo

* We proceed sequentially from r=0 to r= n-1
Compare A, ... to 5% critical value:
* If Aje IS > the 5% Critical Value — Reject H,

Null Alternative 5% Critical 10% Critical
Hypothesis Hypothesis Value Value

Not advised to

r>0 A'trace (0) reject H, based on
the 10% Critical

value as using wide
<1 r>1 Mweew

confidence
intervals is a
danger that leads

r<?2 r>2 A'trace (2) to fail to reject an

Qlcorrect H, jo




The Trace Test Statistic A

trace
* Hy :1r=1,
* Hl: r= o

« Compare A ... to 5% critical value:
* If Ao IS > the 5% Critical Value Reject H,
Possible outcomes:

Atrace(0) > 5% Cv : One or more cointegrating
vectors

* Atrace(1) > 5% Cv : Two or three cointegrating
vectors

A trace(2) > 5% Cv : More than two cointegrating
vectors



The Max Eigenvalue Test Statistic A

max

 The maximum Eigenvalue follows the same
reasoning and asks the same guestion yet
assumes different null and alternative
hypotheses:

* Hy :1r=1,
e Hiir=ry+1
» S0, starting with ry = 0 (No Cointegration),
rejecting H, means there is only one
cointegration relationship (i.e: only one

possible combination of non-stationary
variables that generates a stationary process).



The Max Eigenvalue Test Statistic A,

* Hy :1r=r4
c Hiir=ry+1
« Compare A, ., to 5% critical value:
* If A\, IS >the 5% Critical Value— Reject H,

max

Null Alternative 5% Critical 10% Critical
Hypothesis Hypothesis Value Value

Not advised to
max (0,1) reject H, based on
the 10% Critical

- —_— value as using wide
r=1 r=2 AmaX(1,2) confidence
intervals is a
danger that leads
r=2 r=3 hmax (2,3) to fail to reject an

Q\correct Ho . J




The MaxTest Statistic A

trace
* Hy :1r=1,
* Hy. r=ry+1
« Compare A... to 5% critical value:
e If A\;.ce IS > the 5% Critical Value— Reject H,

Possible outcomes:
* Amax(0,1)> 5% Cv : Only one cointegrating vector
* Amax(1,2)> 5% Cv : Two cointegrating vectors
* Amax(2,3) > 5% Cv : Three cointegrating vectors
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Johansen Cointegration Test In Eviews 8

Steps:
* Open all variables as « Group » then:

* Quick > Group Stat. > Johansen Cointegration
Test > Type all the variables under study (all of
them should be at level) > Click OK.

« Choose Option « 3 » in the dialog box (! :
Number of lags)

 What now? Based on results obtained, when
rejecting the null hypothesis (hence finding the
number of cointegrated variables, I.e the ones
that exhibit a long run relationship), run VECM.




Johansen Cointegration Test Output

(page 10 of handout — Practical 2)

Sample: 1981M01 1996M06
Inclucded obsenvations: 182
Seres: LNXLNIT LNFR
Lags interval: 1t0 3

Selected (0.05 level*) Number of Cointegrating Relations by Model

Data Trend None None Linear Linear
TestType No Intercept Intercept Intercept Intercept
No Trend No Trend No Trend Trend
Trace 1 2 1 2
Max-Eig 1 2 1 2

*Critical values based on MackKinnon-Haug-Michelis (1999)

Information Criteria by Rank and Model

/> Cointegration Vectors \

» Full rank = when “r” (number
of cointegrating relations) =
“n” (number of series), i.e
that all the vectors in the
matrix are linearly
independent, which also
means that all the series in
the cointegrating space

k should be 1(0) /

Data Trend: None None Linear Linear Quadrabc
Rank or No intercept Intercept Intercept Intercept Intercept
No. of CEs No Trend No Trend No Trend Trend Trend
Log Likelihood by Rank (rows) and Model (columns)
0 2151.201 2151201 2158 361 2158 361 2162674
1 2165124 2173629 2179877 2180 454 2180855
2 2169303 2182421 2184155 21952886 2195318
3 2169550 2184.900 2184 900 2197 450 2197 460
Akgike Information Cmteria by Rank (rows) and Model (columns)
0 -23.34287 -23.34287 -23.38858 -23.38858 -23.40301
1 -23 42993 -23.51240 -23.55909 2355444 -23.53697
2 -23.40993 -23.53221 -23.54017 -23 64051 -2362987
3 -23.34671 -23.48242 -23.48242 -23.58747 -23.58747
Schwarz Criteria by Rank (rows) and Model (columns)
0 -22.86755 -22.86755 -22 86045 -22 86045 -22 82207
1 -22 84898 -2291385 -2292533* -2290308 -22.85040
2 -22.723365 ~-22.81043 -22.80078 -22.85591 ~-22.83767
3 -22 55451 -2263741 -22.63741 -22 568964 -22.68954
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Johansen Cointegration Test Output
(page 12 of handout — Practical 2)

Sampie (adjusted). 198 1M06 1996006

Included observabons: 181 after adjustments

Trend assumption: Linear detesménistic trend number Of COin
under the null

Serles: LNX LNIT LNFR
Lags intesval (In first differences) 1to 4

tegrating relations
hypothesis

Unrestricted Cointegration Rank Test (Trace)

0.05

Hypothesized
Critical value  Prob**

No. of CE(s)

None * 0209924 5134325 2979707

8694890 1549471
1284418 3841466

Al most 1 0040115
A most2 0.007071

Trace test indicates 1 cointegrating eqn(s) at the 0.05 level @
* donoctes rejection of the hypothesis atthe 0.05 lovel
**MacKinnon-Haug-Michelis (1999) pvalues

Unrestricted Cointegration Rank Test (Maximum Eigenvalue)
_— =
Hypothesized Wax-Elgen 005
No. of CE(s) Eigenvalue Statistic Critical Value  Prob.**

None * 0.206924 4264836 2113162

Results to
Crit

compare with 5%
ical values

> Results to com

7410473 14 26460
1284418 3841466

Atmost 1 0.040115
Al most 2 0.007071

Max-elgenvalue test indicates 1 cosntegrating eqn(s) atthe 0.05 level e
* denodes rejaction of the hypothesis atthe 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values

Unrestricted Coimegratng Coefficients (normalized by b™S11*d=i)

LNX LNIT LNFR
9441996 65 44157 1227390
-15.50406 5165654 -72.59837
-4 999839 -17.42788 29.89347

Unrestricted Adustment Coefficients (aipha)

NI NX) A 002189 N 0N2510 nnnN11se

pare with 5% Critical values
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Note that:

* The trace statistic and the maximum
eigenvalue statistic may yield conflicting
results. For such cases, you need to
examine the estimated cointegrating
vector and base your choice on the
interpretabllity of the cointegrating
relations; see Johansen and Juselius
(1990) for an example.




VECM In Eviews 8

Steps to examine the entire VECM:

* |n the « Johansen Cointegration Test » window —
Proc > Make Vector Autoregression > Click OK.

* Fill the diaolog box « VAR Specification »
accordingly,

 VECM output we get a system of equation (in Lab
2 practical, we get 3 equations D(LNX), D(LNIT)
and D(LNFR).
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Var: UNTITLED Workfile: PPP::Ppp),

[ViewlPrncl Dbject] [F‘rintl NameIFreeze] [EstimatelStatsllmpulseIResidS]

VECM OUTPUT

Vector Error Correction Estimates

Lals., ol e, L 5d

Sample (adjusted), 1981M05 1996M06
Included observations: 182 after adjustments
Standard errors in () & t-statistics in []

L

Cointegratoag Eq:

CnintEl:‘I

1.000000

LMNX-1)
LMIT(-1) -T.324725 &
(0.97587)
[-7.99650]
LMFR{-1) 1377825
(1.72219)
[8.00041]
C -34.95677
Errar Carrection: D{LMX) Di{LMIT DILMNFR)

Cointeqg1

D {LMX-2))

DHLMITE-23)

-0.017838 -0.004262 -0.00652

_ . : )
[-1.64947] [-2.84163] [-6.

0.025798  -0.001177 0.005631
(0.07696)  (0.01067)  (0.00725)
[0.33520]  [-0.11023]  [0.77659]

-0.060404 0.0023094 0.011538
(0.07525) (0.01044) (0.00709)
[[0.80273] [0.80438] [1.62733]

0.090001 0.001448  -0.003868
(0.07574)  (0.01050)  (0.00714)
[1.18824]  [0.13784]  [-0.54203]

0.536944 0284263 -0.132223
(0.57352) (0.07954) (0.05404)
[0.93622] [3.57395] [-2.446891]

-1231853  -0.005679 0.085820
(0.60718)  (0.08420)  (0.05721)
Lo 09883 L0 0ETAE] T4 E004E]

[m]

A system of equat
3 Dependent Var

ion of
ables

About 1.79

6 of disequilibrium

is corrected each month by

the c

anges in LNX
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VECM In Eviews 8

Steps to examine the entire VECM (follow-up):
* We need the p-values for the CointEgl. How to do it?

Proc > Make System > Order by variable (we obtain the full

system of equations),

* Copy the first equation, go to Quick > Estimate Equation >

Paste the equation in the dialog box > Ok.

[S] System: UNTITLED Workfile: PPP:Ppp\ - A X

1l.|"iEW F'r-::n: Chject
DL ==
+ C{2VFDLMNXEE-1)) + CU3FDLMNA-20) + Sl FDILMNA-3)) + CEF0ILMNIT-1)) + COEEDLMIT-2)) + ¢
(FWFDLMIT-3)) + S PFDILMFR-1)) + COyFDiLMFRE-2)) + CO10yPDHLMFR(-3)) + Dﬂ‘l )

Print | Name | Freeze | |InsertTxt | Estimate | Spec | Stats | Resids

C{LMIT) = G127 LMX(-1) - 7. 32372487543 LNIT(-1) + 137 782465024*LNFR{-1) -

34 9567692797 )+ CO13VDILMNX-1)) + COAPFDILMNX-2)) + CSPDILNXE-2)) + CO6PDILMNIT-1))
+ 17 PDILNITE-2)) + COASFDILMNITE-3)) + CO9PDILNFR-1)) + C20FDILNFR(-2)) + C{21 7D
(LNFR(-3)) + C(22)

D{LNFR) = C(23)*( LMNX(-1) - 7.32372487543*LNIT(-1) + 13.7782465024*LNFR(-1) -

34 9567692797 ) + C24DILMNX(-1)) + C25DILMNX(-2)) + C{2E6 )V DILMNX(-3)) + C27D(LNIT(-1))
+ E[EB}*D[L%} + C29VDILNIT-3)) + C3O0PFDILNFRE1)) + CE1PDILNFR-2)) + C(327D
(LMNFR(-3)) +

C(1( LNX(-1) - 7.32372487543*LNIT(-1) + 1 3 77824650247 FR(-1) - 349567692797 )
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= Equation: UNTITLED Workfile: PPP:Ppph - =

View | Proc| Object| | Print | Name | Freeze | | Estimate | Forecast | Stats | Resids

Dependent Variable: D{LMNX)

Method: Least Squares

Date: 022916 Time: 23:11

Sample (adjusted). 1981M05 1996M06

Included observations: 182 after adjustments

D{LNX) = CO( LNX(-1) - 7.3237 248754 3 LNIT(-1) + 13.7782465024
*LNFRI(-1) - 34.9567692797 ) + C(2YD{LNX(-1)) + C(3FDILNX(-2)) +
CaVD{LMX-3)) + COBFDLMIT(-1)) + CIEFD(LNIT(-2)) + C(7 P D{LMIT{
-3)) + C{BPD(LNFR(-1)) + C{OPD(LNFR(-2)) + C10yD{LNFR(-3)) +
C{11)

Coefficient ~ Std Emor  t-Statistic

-0.017838 0010814  -1.649470 01009
0025798 0076963 0335199 07379
-0.060404 0075249 -0802727 04232
0.090001  0.075744 1188237 02364
0.536944 0573525 0936217  0.3505
-1.231853 0607175 -2.028826  0.0440
0140394 0602074 0233184 08159
-0520200 0760372 -0.684257 04947
0.023461 0787664 0029785  0.9763
1702787 0725115 -2348298  0.0200
0013197 0006035 2186572  0.0301

S

OO0 O0O00O0
Wme = o = o RS

-,
/=

R-squared 0.084431 Mean dependentvar 0.0018M
Adjusted R-squared 0.030889 S.D. dependentvar 0.020025
3.E. of regression 0.019713 Akaike info criterion -4 956558
Sum sguared resid 0.066450 Schwarz criterion -4 762809
Log likelihood 4620468 Hannan-Quinn criter. -4 873056
F-statistic 1576910 Durbin-Watson stat 1.985281

Prob(F-statistic) 0.117086



VECM In Eviews 8

Steps to examine the entire VECM (follow-up):

* The output will show results for the first difference
of variables in the system of equation,

e IlI: In the output, you need to find a negative sign
and significant first coefficient (in cointeql): This
means that if there is any drift from long run
relationship, there is an error correction
mechanism that brings back the variable to the
long run equilibrium.
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VECM In Eviews 8

Steps to examine the entire VECM (follow-up):

 What if this first coefficient is negative but
insignificant?

* This is an indication that the model specification
probably needs readjustment and / or the
problem lies in the data (you need to have enough

observations compared to the number of
parameters you want to estimate).
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