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Unit Root Tests 
Of particular interest to us is the Augmented Dickey-Fuller (ADF) test that has been developed to test univariate time series for the presence of unit roots or non-stationarity.  The extended maintained regression used in the ADF test can be expressed in its most general form as: 
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Where 
[image: image2.wmf]m

 is the drift term, 
[image: image3.wmf]t

 denotes the time trend, and 
[image: image4.wmf]p

 is the largest lag length used.  In order to analyze the deterministic trends, we used modified versions of the likelihood ratio tests suggested by Dickey and Fuller (1981).  We followed the testing sequence suggested by Patterson (2000), which suggests the following maintained regressions, test statistics, and hypotheses: 
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 and/or 
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Johansen’s Procedure
Intuitively, the Johansen test is a multivariate version of the univariate DF test.  Consider a reduced form VAR of order p: 
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where 
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y

 is a k-vector of I(1) variables, 
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x

is a n-vector of deterministic trends, and 
[image: image16.wmf]t

u

is a vector of shocks.  We can rewrite this VAR as: 
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where 
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The error correction model (ECM), due to Engel and Granger (1987),1 and represented by equation (23) is dynamic, involving lags of both the endogenous and exogenous variables.  The Π matrix represents the adjustment to disequilibrium following an exogenous shock.  If Π has reduced rank r < k where r and k denote the rank of Π and the number of variables constituting the long-run relationship, respectively, then there exist two k( r matrices α and β, each with rank r, such that 
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 is stationary.  r is called the cointegration rank and each column of β is a cointegrating vector (representing a long-run relationship).30 The elements of the α matrix represent the adjustment or loading coefficients, and indicate the speeds of adjustment of the endogenous variables in response to disequilibrating shocks, while the elements of the Γ matrices capture the short-run dynamic adjustments.  Johansen’s method estimates the Π matrix from an unrestricted VAR and tests whether we can reject the restrictions implied by the reduced rank of Π.  This procedure relies on relationships between the rank of a matrix and its characteristic roots (or eigenvalues).  The rank of Π equals the number of its characteristic roots that differ from zero, which in turn corresponds to the number of cointegrating vectors.  The asymptotic distribution of the Likelihood Ratio (Trace) test statistic for cointegration does not have the usual χ2 distribution and depends on the assumptions made regarding the deterministic trends.  
1Engel, R.  F.  and C.  W.  Granger.  “Co-integration and error correction: Representation, estimation, and testing.” Econometrica, 1987, 55, 251–76

Table 1A.  Lag Length Selection for Import Demand Equation (1950-99)

	Lag
	LogL
	LR
	FPE
	AIC
	SC
	HQ

	0
	33.38
	NA
	0.00
	-1.34
	-1.17
	-1.28

	1
	2558.84
	394.37
	0.00
	-10.72
	-9.90*
	-10.41*

	2
	274.89
	30.30
	0.00
	-10.86
	-9.40
	-10.32

	3
	295.85
	29.53*
	0.00
	-11.08
	-8.98
	-10.30

	4
	314.51
	22.90
	0.00*
	-11.20*
	-8.45
	-10.18

	5
	327.36
	13.43
	0.00
	-11.06
	-7.66
	-9.80

	6
	338.15
	9.32
	0.00
	-10.82
	-6.77
	-9.32




LR: Sequential modified LR test statistic.



FPE: Final prediction error.



AIC: Akaike information criteria.



SC: Schwartz information criteria.



HQ: Hannan-Quinn information criteria.

Table 2A.  Import Equation: Summarized Results of Cointegration Rank Test with 1 Lag (1950-99) 

	Data Trend
	None
	None
	Linear
	Linear
	Quadratic

	Test Type
	No intercept

No trend
	Intercept

No trend
	Intercept

No trend
	Intercept

Trend
	Intercept

Trend

	Trace
	2
	2
	1
	2
	1

	Max Eigenvalue
	2
	2
	1
	2
	1




Significance level: 5 percent.



Series: LN MReal, LNYReal, LN PM, LN WPI
Table 3A.  Import Equation: Unrestricted Cointegration Rank Test Assuming No Trend in the Cointegration Space (1950-99)
	Hypothesized

No. of CE(s)
	Eigenvalue
	Trace

Statistic
	5 Percent

Critical Value
	Maximum

Eigenvalue
	5 Percent

Critical Value

	None
	0.66
	81.42
	47.21
	51.78
	27.07

	At most 1
	0.33
	29.63
	29.68
	19.75
	20.97

	At most 2
	0.15
	9.87
	15.41
	8.13
	14.07

	At most 3
	0.03
	1.74
	3.76
	1.74
	3.76




Series: LN MReal, LNYReal, LN PM, LN WPI
 Table 4a.  Lag Length Selection for Export Demand Equation (1956-99)

	Lag
	LogL
	LR
	FPE
	AIC
	SC
	HQ

	0
	28.76
	NA
	2.16e-07
	-1.16
	-0.95
	-1.08

	1
	301.05
	464.88
	1.26e-12
	-13.22
	-11.97*
	-12.76*

	2
	329.60
	41.77*
	1.26e-12*
	-13.40*
	-11.10
	-12.56

	3
	347.44
	21.76
	1.85e-12
	-13.04
	-9.70
	-11.82

	4
	368.62
	20.66
	3.06e-12
	-12.86
	-8.47
	-11.26




LR: Sequential modified LR test statistic.



FPE: Final prediction error.



AIC: Akaike information criteria.



SC: Schwartz information criteria.



HQ: Hannan-Quinn information criteria.

Table 5A.  Export Equation (1956-99): Summarized Results of Cointegration Rank Test with 1 Lag 

	Data Trend
	None
	None
	Linear
	Linear
	Quadratic

	Test Type
	No intercept

No trend
	Intercept

No trend
	Intercept

No trend
	Intercept

Trend
	Intercept

Trend

	Trace
	3
	4
	3
	2
	3

	Max Eigenvalue
	2
	1
	0
	0
	0




Significance level: 5 percent.



Series: LN XReal, LNXPOT, LN PXIND, LN PXLDC, LN PX
Table 6A.  Export Equation (1956-99): Unrestricted Cointegration Rank Test Assuming No Trend in the Cointegration Space
	Hypothesized

No. of CE(s)
	Eigenvalue
	Trace

Statistic
	5 Percent

Critical Value
	Maximum

Eigenvalue
	5 Percent

Critical Value

	None
	 0.48
	 90.75
	 69.82
	28.71
	33.88

	At most 1
	 0.46
	 62.04
	 47.86
	26.83
	27.58

	At most 2
	 0.39
	 35.21
	 29.80
	21.90
	21.13

	At most 3
	 0.22
	 13.30
	 15.49
	10.81
	14.26

	At most 4
	 0.06
	 2.50
	 3.841
	 2.50
	3.84




Series: LN XReal, LNXPOT, LN PXIND, LN PXLDC, LN PX
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