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Simulated trivariate cointegrated system
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Cointegration test: known 3
Yie = Yoo + U U =0.750, +77

y2t = y2t—1 + ‘9211 ‘921 - GWN (0,052
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ADF test on u;,

Null Hypothesis: U has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic based on SIC, MAXLAG=S5)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -9.097037 0.0000
Test critical values: 1% level -3.443228
5% level -2 867112
10% level -2.569800

*MacKinnon (1996) one-sided p-values

Reject H,: y, and y, are not
cointegrated at 1% level

Cointegration Test: Estimate 3

Step 1: estimate g by OLS

Dependent Variable: Y1

Method: Least Squares

Date: 05/24/06 Time: 13:30

Sample: 1 500

Included observations: 500

Variable Coefficient /étd Error t-Statistic Prob.
[¢2 -0 4 / 0.084955 -0.178019 0.8588
Y2 0.993235 0.017938 55.36959 0.0000
R-squared 0.860261 Mean dependent var -4 382984
Adjusted R-squared 0.859981 S. D dependent var 1.884345
S.E. of regression 0.705106  Akaike info criterion 2.143056
Sum squared resid 247 5931 Schwarz criterion 2 159914
Log likelihood -533.7639  F-statistic 3065.792
Durbin-Watson stat 0.572230 Prob(F-statistic) 0.000000




Step 2: ADF test on OLS residual
AU, = 70,_, + 7,

Testtype

Test for unit roat in Lag length

(@) Lewvel
() 1st difference
() 2nd difference

() Automatic selection

Include in test equation

Oimercept @ usarspacies: [0 |

“—— No intercept

[ oK ] [ cance |

Use PO Ciritical Values

Null Hypothesis: UHAT has a unit root
Exogenous: None
Lag Length: 0 (Fixed)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -9.105974 0.0000

Test critical values 1% level -2.569604
5% level -1.941459 —— Do not use!
10% level -1.616273

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

N-1 =1, constant in 1st step regression
PO 5% critical value is -3.36
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Yu = 2+ FYo + VillYpus + WYy + WA, + 4
Dependent Variable: Y1
Method: Least Squares
Date: 05/24/06 Time: 14:05
Sample (adjusted): 3 499
Included observations: 487 after adjustments
MNewey-West HAC Standard Errors & Covariance (lag truncation=5)
Variable Coefficient Std. Error t-Statistic Prob
C e oIS 0167521 -0.115705 0.9079
Y2 0.991895 0.035268 28.12417 0.0000
D(Y2(1)) O-To 0.0687753 1.531687 0.1262
D{Y2) 0.064669 0.064762 0.998574 0.3185
DY2(-1» 0.080376 0.069807 1.151412 0.2501
R-squared 0.858116 Mean dependent var -4.393828
Adjusted R-squared 0.856963 S.D. dependent var 1.864151
S.E. of regression 0.705027 Akaike info criterion 2.148847
Sum sguared resid 244 5548 Schwarz criterion 2.191187
Log likelihood -528.9885 F-statistic 743 9081
Durbin-VWatson stat 0.583469 Prob(F-statistic) 0.000000
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Stock-Watson DGLS

Y =+ BYo ViAo + WAV + W AY 0 + U,
U, = pU_, + &

Dependent Variable: Y1

Method: Least Squares

Date: 05/24/06 Time: 14:09

Sample (adjusted): 4 499

Included observations: 496 after adjustmentis
Convergence achieved after 4 iterations

Wariable Coefficient Std. Error t-Statistic Prob.
c = 0.206434 -0.588028 0.5568
Y2 0.970262 0.042988 22 57072 0.0000
D{Y2(1)) 0.045515 0.057618 0.9541
D{Y2) 0.007644 0.0546870 0.139816 0.8889
D{Y2(-1)) 0.044936 0.045376 0.990307 0.3225
AR(1) 0.714675 0.031811 22 46608 00000
R-squared 0.929317 Mean dependent var -4.402307
Adjusted R-squared 0.928595 S.D. dependent var 1.856414
S.E. of regression 0.496064 Akaike info criterion 1.4473801
Sum squared resid 120.5792 Schwarz criterion 1.498687
Log likelihnood -353.0547 F-statistic 1288 465
Durbin-Watson stat 2.034233 Prob(F-statistic) 0.000000
Inverted AR Roots 71
12




Error Correction Model
Ay, =Cr+ Uy + W AY o FWAY, &y
U = Y = Yo

Dependent Variable: D(Y1)
Method: Least Squares

Date: 05/24/06 Time: 14:22
Sample (adjusted): 3 500
Included observations: 498 after adjustment

Significant error correction coef

Variable Coefficient /9|{Error t—Statist\i\
=

C 0.030793 -0.388540

U-1) 0.047246 -4.471368

DY 1(-1)) 0.062492  -1.287900

D(Y2(-1)) 0.098793 0.085872 1.150462
R-squared 0.058119 Mean dependent var -0.015140
Adjusted R-squared 0.052400 5S.D. dependent var 0.705377
S.E. of regression 0.686648 Akaike info criterion 2.094009
Sum squared resid 232 9137 Schwarz criterion 2127829
Log likelihood -517.4083 F-statistic 10.16088
Durbin-Watson stat 1.999842 Prob(F-statistic) 0.000002
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Error Correction Model
AYy =Cy + Uy + YAy 4 +YWLAY,  + &y
U = Yy — Yo

Dependent Variable: D(Y2)
Method: Least Sguares
Date: 05/24/06 Time: 14:26 ~ Z€M0
Sample (adjusted): 3 500

Included observations: 498 after adjustment;

Error correction coef close to

Variable Coefficient }é Error t-Statistic Prob
L4
C 0163 0.021825 -0.748542 0.4545
U-1) 0.069809 0.033486 2.084698 0.0376
DY 1(-1)) 0.044292 -1.357644 0.1752
DY2(-1)) 0.043862 0.060863 0.720673 0.4715
R-squared 0.009543 Mean dependent var -0.015137
Adjusted R-squared 0.003528 S .D. dependent var 0.487531
S.E. of regression 0.486670  Akaike info criterion 1.405540
Sum squared resid 117.0028 Schwarz criterion 1.439360
Log likelihood -345.9793  F-statistic 1.586532
Durbin-VWatson stat 2.001857 Prob(F-statistic) 0.191726
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Trend Cases: Data

Case 1: No constant Case 2: Restricted constant

e
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Case 3: Unrestricted constant Case 4: Restricted trend
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Case 5: Unrestricted trend

15

-10

Trend Cases: Residuals

Case 1: No constant Case 2: Restricted constant
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Case 3: Unrestricted constant Case 4: Restricted trend
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Case 5: Unrestricted trend
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Test for Cointegration

Yii = Yo T Uy U = 0'75ut—1 + &y

Yor = Yora t €
oo 2 Note: No
FN\ DN i i
£, ~iid N (0,0.5%) residuals
LNy have mean
p= ) zero

Bivariate VAR: 1 cointegrating
vector
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Johansen Cointegration Test &l
Cointegration Test Specification |

Deterministic trend assumption of test Exog variables™

Assume no deterministic trend in data

(®1) Nointercept ortrend in CE ortest VAR

(0 2) Intercept (no trend) in CE - no interceptin VAR

L: it |

Allow for linear deterministic rend in data: e

()3) Intercept (no trend) in GE and test VAR

()4 Interceptand trend in CE - no trend in VAR Lag spec for diferenced

Allow for quadratic deterministic trend in data endogenous

()5} Interceptand trend in CE - linear tend in VAR

Critical Values
Summary:
MHM
(O 6) Summarize all 5 sets of assumptions OLL
Size

* Critical values may notbe valid with exogenous variables; () Osterwald-Lenum

do notinclude C or Trend

[ oK ] [ cancel
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Johansen LR Tests

Date: 05/31/06 Time: 13:36

Sample (adjusted): 2 500 Trace test finds 1
Included observations: 499 after adjustments . .
cointegrating vector

Trend assumption: No deterministic trend
Series: Y1 Y2
Lags interval (in first differences): N

Unrestricted Cointegration Test (Trace)

Hypothesized Trace 0.05
No_orCE(s) igenvalue Statistic Critical VValue  Prob.**
None * 0.145974 79.02705 12.32090 0.0001
At most 1 0.000578 0.288257 4.129906 0.6524

Trace st indicates 1 cointegrating egn(s) at the 0.05 level
* denotes rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values

Unrestricted Cointegration Rank Test (Maximum Eigenvalue)

Hypothesized Max-Eigen 0.05
MNo. of CE(s) Eigenvalue Statistic Critical Value Prob.**
None * 0.145974 78.73880 11.22480 0.0001
At most 1 0.000578 0.288257 4.129906 0.6524

Max-eigenvalue test indicates 1 cointegrating egn(s) at the 0.05 level
* denotes rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values
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ansen Test with Misspecified Trend

Johansen Cointegration Test

Cointegration Test Specification No lacdaed differences
I

Deterministic trend assuy on oftest Exog variables™

Assume no det fistic trend in data: I:l
OD terceptortrend in CE ortest VAR

(@ 2) Intercept(no trend) in CE - no intercept in VAR

Lag intervals
Allow for linear deterministic trend in data; &

()3) ntereapt(ne traneh in CE anl tost VAR —
4) Int it d din CE - bl d in VAR —
()4) Interceptand trend in CE - no rend in e

Allow for quadratic deterministic trend in data: endogenous

(7)5) Interceptand trend in CE - linear tend in VAR
Critical Values

Summary: ®
MHM
() 6) Summarize all 5 sets of assumptions =
* Critical values may not be valid with exogenous variables: () Osterwald-Lenum
do notinclude C or Trend
[ oK J [ cancel |

Test for Cointegration
Y = 0.5y, +0.5y, +u,, u =0.75u,_, + &,
&, ~iid N(0,0.5%)
Yor = Yarq + Exs €x ~ 1id N(0,0.5%)
Yo = Yara + Ex Ey ~lid N(0,0.5%)
Yo=Y Yaur Vo)’
B =(1,-0.5,-0.5)

Misspecifying trend leads to
wrong conclusion! Test finds 2

Date: 05/31/06 Time: 13:33 . .
e R cointegratin
Included observations: 499 after adjustments

Trend assumption: No deterministic trend (re: ted constant)

Unrestricted Cointegration R Test (Trace)

Hypothesized Trace 0.05
No._of CC(s) igenvalue Statistic Critical Value Prob. **

Series: ¥1 Y2
MNone = ) 0.145989 920.23008 20.26184 0.0000

Lags interval (in first differences): Ng
At most 1 * 0.022748 11.48237 9.164546 0.0179

TracetesTindicates 2 cointegrating eqn(s) at the 0.05 level
= denotes rejection ot the hypothesis at the 005 level
**MacKinnon-Haug-Michelis (1999) p-values

Unrestricted Cointegration Rank Test (Maximum Eigenvalue)

Hypothesized Max-Eigen 0.05
No. of CE(s) Eigenvalue Statistic Critical Value  Prob.**
None * 0.145989 78.74771 15.89210 0.0000
At most 1 * 0.022748 11.48237 9.164546 0.0179

Max-eigenvalue test indicates 2 cointegrating eqn(s) at the 0.05 level
= denotes rejection of the hypothesis at the 0.05 leve
**MacKinnon-Haug-Michelis (1999) p-values
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Ivariate VAR: 1 cointegrating vector
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Johansen LR Tests

Date: 05/31/06 Time: 14:17
Sample (adjusted): 2 500

Included observations: 499 after adjustments Trace test flnds 1
Trend assumption: No deterministic trend . .
cointegrating vector

Series: Y2 Y3 Y4
Lags interval (in first differences): No la,

Unrestricted Cointegration Ran| st (Trace)

Hypothesized Trace 0.05
WFQE(S) jeenvalue Statistic Critical Value Prob.**
L
MNone = 0.111588 65 77018 24 27596 0.0000
AL most 1 0.012827 6.728387 12.32090 0.3530
AL most 2 0.000574 0.286414 4.129906 0.6535

“age tesfindicates 1 cointegrating eqn(s) at the 0 05 lovel

* denotes rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values

Unrestricted Cointegration Rank Test (Maximum Eigenvalue)

Hypothesized Max-Eigen 0.05
MNo. of CE(s) Eigenvalue Statistic Critical Value Prob.**
MNone * 0.111588 59.04179 17.79730 0.0000
At most 1 0.012827 6441973 11.22480 0.3022
AL most 2 0.000574 0.286414 4.129906 0.6535
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Test for Cointegration

Y= Y + U, U =0.75u,, +¢&,

Yoo = Yoy +V,, vV, =0.75v, , + &,

g, ~iid N(0,0.5%), &, ~iid N(0,0.5)
Yor = Yory + Exr € ~ iid N (0,0.5%)

Yo = (Yie Yso Yar)'

131 = (110’_1),

B, =(0,1,-1)
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ivariate VAR: 2 cointegrating vectors
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Johansen LR Tests

Date: 05/31/06 Time: 14:30
Sample (adjusted): 2 500
Included observations: 499 after adjustments
Trend assumption: No deterministic trend
Series: Y1 Y5 Y2

Lags interval (in first differences): No,

Trace test finds 2

cointegrating vectors

Unrestricted Cointegration Ra est (Trace)

Hyps sized Trace 0.05
of C! s) JJenvalue Statistic Critical Value Prob.**

-

None ™ 0.159565 140.6944 24 27596 0.0001
At most 1 * 0.101909 53.95064 12.32090 0.0000
At most 2 0.000634 0.316276 4.129906 0.8358

ce test idicates 2 cointegrating eqn(s) at the 0.05 level
rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values

Unrestricted Cointegration Rank Test (Maximum Eigenvalue)

Hypothesized Max-Eigen 0.05
No. of CE(s) Eigenvalue Statistic Critical Value Prob.**
None * 0.159565 86 74372 17.79730 0.0000
At most 1 * 0.101909 53 63437 11.22480 0.0000
At most 2 0.000634 0.316276 4.129906 0.6358
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