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Cointegration, ARCH (p), GARCH(p,q) and
Vector Autoregressive Models

Importance of Error Terms in Regressions
Estimation, Impulse Response Analysis
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Engle-Granger Approach to Co-integration
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Long-Run Multiplier in ARDL(1,1)
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Adjustment towards the long run in ARDL(1,1)
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Analysis of Volatility using ARCH(p)
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Analysis of Volatility using GARCH(p,q)
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Steps for Granger Causality Test

Does increase in money supply increase GDP or an increase 
in money supply increase GDP?
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Four possible cases for Granger Causality

1. Uni-directional causality from money and GDP

2. Uni-directional causality from GDP tp money

3. Bilateral causality

3. Independence from each other
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Steps for Granger Causality Test
• Regress GDP to all lagged GDP and other 

variables but not to the lagged money terms 
and get error some square of the restricted 
model

• Include lags for GDP as well as money and 
get the unrestricted residual sum square
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tY vector of variables
interest rate,
output gap 
inflation gap 

tε normally and identically distributed random error term
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Specification of Vector Autoregression Model
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Long run response

Decomposition of Long and Short Run Responses

α Dynamic process of adjustment

β Long run Steady State Relation
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Trace and Max Test for Cointegration Rank

rank Trace test [ Prob]   Max test [ Prob]   Trace test (T-nm)    Max test (T-nm)
0      56.86 [0.000]**    34.38 [0.000]**      55.43 [0.000]**    33.52 [0.000]**
1      22.48 [0.003]**    12.68 [0.087]        21.91 [0.004]**    12.36 [0.097]  
2       9.80 [0.002]**     9.80 [0.002]**       9.55 [0.002]**     9.55 [0.002]**

Eigenvalues of the characteristic matrix 
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Application of VAR Analysis
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Interest rate

Interest rate

Stationarity of variables in the model
ADF tests (T=116, Constant; 5%=-2.89 1%=-3.49) 
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Impulse Response Analysis 



15

0 50 100

2.5

5.0

7.5
cum TBILLS (TBILLS eqn) 

0 50 100

-3

-2

-1

0
cum outgap (TBILLS eqn) 

0 50 100

2

4
cum inflagap (TBILLS eqn) 

0 50 100

1

2
cum TBILLS (outgap eqn) 

0 50 100

1.5

2.0 cum outgap (outgap eqn) 

0 50 100

1

2 cum inflagap (outgap eqn) 

0 50 100

-4

-2

0
cum TBILLS (inflagap eqn) 

0 50 100

-1.0

-0.5

0.0
cum outgap (inflagap eqn) 

0 50 100

2

4

cum inflagap (inflagap eqn) 

Cumulative Impulse Response Analysis



16

References
• Engle  R E and  C.W.J. Granger (1987) Co-integration and Error Correction: 

Representation, Estimation and Testing. Econometrica, vol. 55, No. 2, 
pp. 251-276. 

• Garratt A., K. Lee, M.H. Pesaran and Y. Shin (2003) A Structural 
Cointegration VAR Approach to Macroeconometric Modelling, Economic 
Journal, 113:487:412-455 

• Hendry D.F. (1997)  The Econometrics of Macroeconomic Forecasting , The 
Economic Journal, Vol. 107, No. 444., pp. 1330-1357

• Holly S and M Weale Eds.(2000) Econometric Modelling: Techniques and 
Applications, pp.69-93, the Cambridge University Press.

• Johansen Soren (1988) Estimation and Hypothesis Testing of Cointegration
Verctors in Gaussian Vector Autoregressive Models, Econometrica, 
59:6, 1551-1580.

• Wallis K.F. (1989) Macroeconomic Forecasting: A Survey , The Economic 
Journal, Vol. 99, No. 394., pp. 28-61


