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LEANRING OUTCOMES: 

 

On completing this workshop you should be able to: 

 

 understand the concepts of unit root, cointegration and causality and its 

application as well.  

 perform unit root tests, cointegration tests and causality tests by using EViews 

software; and 

 interpret the outputs and estimates. 
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1.  UNIT ROOT  

 

An estimate of OLS (ordinary least squared) regression model can spurious from 

regressing nonstationary series with no long-run relationship (or no cointegration) (Engle 

and Granger, 1987). 

 

Stationary – a series fluctuates around a mean value with a tendency to converge to the 

mean. For example:- 
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Non-statioanry – a series wanders widely without any tendency to converge; it is 

relatively smooth. For example:-  
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Conventional tests for examining series stationarity:- 

 

Type of tests Null hypothesis  

1. Augmented Dickey-Fuller (ADF)  

 

2. Phillips-Perron (PP)  

 

3. Kwiatkowski, Phillips, Schmidt, and Shin (KPSS)  

a unit root 

 

a unit root 

 

trend stationary or  

level stationary 

 

Other types of tests are Dickey-Fuller Test with GLS Detrending (DFGLS), Elliot, 

Rothenberg, and Stock Point Optimal (ERS) Test, and Ng and Perron (NP) Tests 

 

I(0) -> stationary in levels 

I(1) -> non stationary in levels but it becomes stationary after differencing once. 
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1.1 ADF (AUGMENTED DICKEY-FULLER) TEST 

 

The equation for ADF test is: 
1

0 1 11

1

p

t t i t i t

i

Y c t Y b y u


 



        --------------------------------------- (1) 

The ADF test is carried out to reject the null hypothesis of a unit root via 1 =0.   

 

This statistic does not follow the conventional Student's t-distribution, but we can use the 

critical values generated by MacKinnon (1991, 1996). 

 

Details on other methods are available from the econometrics textbooks or EViews user’s 

guide. 

 

 To select a lag length for unit root test (and cointegration tests as well), information 

criterion (Akaike, AIC; Schwarz, SIC; Hannan-Quinn, HQ) or rule of thumb (i.e four 

lag length for quarterly data, and one or two lag length for annual data) is acceptable. 

 

1.1.1  APPLICATION - ADF AND PHILLIPS-PERRON TESTS 

 

 Using ADF test and Phillips-Perron test, examine the time series properties of m, y 

and rp.  

Notes:- 

-Data in levels – constant and trend 

-Data in first differences – constant only 

-The lag order is automatically selected by the available information criterion in 

EViews. In practice, the maximum lag order is three years span (12 quarters) 

 

 Level Plot of m, y and rp 
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ADF 

m in levels 

 

 
 

m in first differences 

 

 
 

 

 

 

 

- Since the p-value, 0.3354 is higher 

than 0.10, thus it is not significant at 

0.10 level. 

- The null hypothesis of m has a unit 

root cannot be rejected. 

- m is not stationary in levels.  

-The p-value is 0.0001, and it is 

significant at 0.01 level. 

-Null hypothesis of D(m) has a unit 

root can be rejected. 

-This implies that first differenced 

m is stationary. 

- m is I(1)  

D = first differenced 
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y in levels 

 

 
y in first differences 

 

 
rp in levels 

 

 
 

 

 

 

 

 

 

 

y is I(1) 

Significant at 0.10 level but 

not in 0.05 level. 

So, what do other tests say! 
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rp in first differences 

 

 
Phillips-Perron 

m  in levels 

 

 
 

m  in first differences 

 

 
 

m is I(1) 
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y in levels 

 

 
 

y  in first differences 

 

 

 

rp in levels 

 

 
 

 

 

 

 

 

 

Y  is I(1) 
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rp in first differences 

 

 
The results of ADF and PP tests suggest m, y and rp are non-stationary, or I(1) 

 

 

2. COINTEGRATION 

 

From econometric point of view, it is a solution to the problems that arise as a result of 

the presence of non-stationary data (OLS estimates), that is to avoid the problems 

associated with “spurious regression”. 

 

In practice, it is more appropriate to test a theory.  Economic theory often suggests 

certain variables are cointegrated with know (or unknown) cointegrating vector.  In order 

words, we use to test for the presence of an equilibrium relationship between the 

variables suggested by economic theory. 

 

Because: - Evan though an economic time series may wander over time there may exist a 

linear combination of the variables that converges to an equilibrium, that is, the variables 

are cointegrated. 

 

How: - Engle and Granger (1987) pointed out that a linear combination of two or more 

non-stationary series may be stationary. If such a stationary linear combination exists, the 

non-stationary time series are said to be cointegrated.  

 

2.1 ENGLE-GRANGER (1987) – RESIDUAL BASED APPROACH 

 

A testable cointegrating equation or long run regression model in a bivariate framework 

can be written as: 

t t ty c x u     ------------------------------------------ (2)  

The I(1) series of  y and x are said to be cointegrated if the residual series, u is stationary 

in levels, I(0). That is to test the stationarity of the residual series via conventional unit 

root tests.   

 

rp is I(1) 
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Note, the critical values for the unit root test such as MacKinnon (1991) which are valid 

only for a date series, but not for estimated values like in residual series.  In this context, 

the critical values for unit root tests (MacKinnon, 1991) are not appropriate for 

contegration tests in the residuals of a regression (see EViews 4 user’s guide, 2002, 

p.332-333).   

 

Davidson and MacKinnon (1993) generated the correct critical values for contegration 

test – Engle-Granger approach.  

 

Asymptotic critical values for cointegration tests 
 1% 5% 10% 

m = 2    

constant -3.90 -3.34 -3.04 

constant + trend -4.32 -3.78 -3.50 

m = 3    

constant -4.29 -3.74 -3.45 

constant + trend -4.66 -4.12 -3.84 

m = 4    

constant -4.64 -4.10 -3.81 

constant + trend -4.97 -4.43 -4.15 

m = 5    

constant -4.96 -4.42 -4.13 

constant + trend -5.25 -4.72 -4.43 

m = 6    

constant -5.25 -4.71 -4.42 

constant + trend -5.52 -4.98 -4.70 

Source: Davidson and MacKinnon, 1993, Table 20.2, p.722. 

Notes: m is the number of endogenous variables.   

Critical values for “no constant” statistics are not included in the table, because it 

almost never makes sense to use them in practice (Davidson and MacKinnon, 

1993, p.721). 

 

2.1.1  APPLICATION 

 

 Run an OLS regression for Japan’s aggregate import demand function with a long run 

vector of m y rp c. 
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Cointegrating equation, m = 1.105111754*y - 0.2208170548*rp + 0.4923972942 + e 
 

 Save the residual, and name it as “e” were e =  m - 1.105111754*y + 

0.2208170548*rp - 0.4923972942.  
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 Perform ADF and PP unit root tests to test the null hypothesis of no cointegration 

among m, y and rp.   

 

 
The test statistic (-1.497) is above the 0.10 critical value (Davidson and MacKinnon, 

1993, for m = 3, and with constant), -3.45, we cannot reject the null hypothesis of no 

cointegration among y, m and rp. It implies no cointegration in Japan’s aggregate import 

demand function for the period 1973:1 - 2000:4. 

 

 
The PP test statistic for e is -1.621, which is above the 0.01 critical value (-3.45), 

therefore, we cannot reject the null hypothesis of no cointegration among y, m and rp. It 

implies no cointegration in Japan’s aggregate import demand function for the period 

1973:1 - 2000:4.  

 

WHY? 

Only when n = 2 (2 variables) is it possible to show that the cointegration vector is 

unique.  If there are n > 2 variables (more than 2 variables) in the model, there can be 

more than one cointegration vector.  

 

2.2 JOHANSEN’S MULTIVARIATE COINTEGRATION TEST – SYSTEM 

APPRACOH  
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Johansen and Juselius (1990) – it allows one to draw a conclusion about the number of 

cointegrating relationships between the variables. 

[refer to EViews help manual] 

 

2.2.1 APPLICATION 

 Run Johansen’s multivariate test for m y rp. 

Notes:- 

- set 4 lag length as initial lag since the data is in quarters.   

- then to perform the test for 8 and 12 quarters lag (maximum 3 years) for sensitivity   

check. 
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. 
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 Summary 
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(4 lag – for illustration) 

 

 y, m and rp are cointegrated with at least one cointegrating equation. BUT the 

cointegrating equation in interest is aggregate import demand function with a vector of m 

– y – rp.  By normalizing m, that is, m + 0.168y – 0.678rp (from EViews output), the 

import demand equation is m = –0.168y + 0.678rp.   

 

Note, the estimated parameters of y and rp are in a wrong sign!   

 

This can be partly explained by the fact that import demand function may NOT feature as 

part of several equilibrium relationships governing the joint evolution of the variables. 

 

 

2.3 ARDL APPROACH FOR COINTEGRATION – SINGLE EQUATION 

APPROACH 

 

The main advantage of this testing and estimation strategy (ARDL procedure) lies in the 

fact that it can be applied irrespective of the regressors are I(0) or I(1), and this avoids 

the pre-testing problems associated with standard cointegration analysis which requires 

the classification of the variables into I(1) and I(0) (Pesaran and Pesaran, 1997, p.302-

303). Also see, Jenkinson (1986) for ARDL model for cointegration analysis. 

 

ARDL (autoregressive-distributed lag) approach for cointegration by Pesaran, Shin and 

Smith (2001) can be performed via the error correction version of the ARDL model as: 
1 1

0 1 1 1 1 2

1 1

p p

t t t i t i i t i t

i i

y c y x b y b x u 
 

   

 

           ------------------------ (3)   

In testing for a long run relationship between y and x, we test H0: 0 1 0    (non-

existence of the long run relationship) against HA: 0 10, 0    (a long run relationship) 

by running an usual F-test.  
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If the computed F-statistic falls outside the band (the values for I(0) and I(1) in the Table 

F), a conclusive decision can be made.   

1) if the computed F-statistic exceeds the upper bound of the critical value band 

(denote I(1) in the Table F), the null hypothesis can be rejected and then support 

cointegration, and  

2) if the computed F-statistic falls well below the lower bound of the critical value 

band (denote I(0) in the Table F), and hence the null hypothesis cannot be rejected 

– no cointegration. 

 

If the computed statistic falls within the critical value band, the result of the inference is 

inconclusive and depends on whether the underlying variables are I(0) or I(1). It is at this 

stage in the analysis that the researcher may have to carry out unit rot tests on the 

variables. 

 

The long run coefficient (or elasticity) of x, that is,  = -( 1 / 0 ) (see equation 2) 

(Pesaran, et al., 2001,p. 294).  
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Source: Pesaran and Pesaran (1997) p.478 Appendices.   

Notes:  k is the number of the forcing variables (regressors) 

The critical value bounds reported in Table F above are computed using stochastic 

simulation for T = 500 and 20,000 replications in the case of Wald and F statistics 

for testing the joint null hypothesis that the coefficients of the level variables are 

zero (i.e. there exists no long-run relationship between them). 

Further reading: Pesaran et al. (2001) 
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2.3.1  APPLICATION 

 

 Investigate the presence of a long run relationship among m, y and rp with ARDL(4) 

(lag length of 4, quarterly data) (assume an intercept and no trend).   

 

Step 1:- OLS estimation for ARDL (4) 

 
 

D(M) M(-1) Y(-1) RP(-1) D(Y(-1)) D(Y(-2)) D(Y(-3)) D(Y(-4)) D(RP(-1)) D(RP(-2)) 

D(RP(-3)) D(RP(-4)) D(M(-1)) D(M(-2)) D(M(-3)) D(M(-4))  C 

 

Step 2:- Wald test (F-statistic) for restrictions.  C(1)=C(2)=C(3)=0 
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 Sensitivity check – ARDL(8) and ARDL(12). 

 

Computed F-statistic is 2.638 for ARDL(8), and 1.935 for ARDL(12). Both F-

statistics are below the lower bound, 3.182 (10%), there for no cointegration among 

m, y and rp. 

 

3. CAUSALITY  

 

According to Granger (1969) and Sims (1972), x is said to cause y in Granger’s sense if 

the forecast for the y improves when the lagged x variables are included, and vice versa. 

  

In a VAR framework – for small samples, the distributions of the estimates can be 

improved by estimating the VAR model in differences (Hamilton, 1994, p.553 and 

p.652). 

 

Some researchers have strongly objected to the use of the term “causality,” in this 

context. They argue that these “causality” tests are better viewed as procedures for 

examining lead and lag relationships between variables. 

 

*If the I(1) series are not cointegrated -> VAR with first differenced data. 

*If the I(1) series are cointegrated -> VECM by adding error correction term from the 

cointegrating vectors. 

 

 

 

 

 

 

The critical values at 0.10 

level are 3.182 (lower bound) 

and 4.126 (upper bound) (k = 

2, Case II: intercept and no 

trend case). 

:- inconclusive (within the 

critical value band) 

 

The 0.05 level critical values 

are 3.793 (lower bound) and 

4.855 (upper bound) 

:- no cointegration (below the 

lower bound) 
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3.1 ERROR-CORRECTION MODEL 

 

According to Granger (1988), if a pair of I(1) series are co-integration, there must be 

causation in at least one direction. 

 

If y and x are cointegrated, an error-correction model (an equation of VECM) can be 

estimated as   
1 1

1 1 2

1 1

p p

t t i t i i t i t

i i

y c ecm b y b x u
 

  

 

            ----------------- (4) 

where ecm is the residual series of equation (2), that is, t tecm y c x     

 

In error-correction model (4), there are two possible sources of causation of y by xt-j 

either through the ecmt-1 term, if 0  , (that is the null hypothesis 0  , ‘x does not 

Granger-cause y’,  is rejected by t-test – “long-term” Granger causality)  or though the 

lagged t ix   terms, if they are present in the equation (F-test for testing the null 

hypothesis 2ib = 0, ‘x does not Granger-cause y’ – “short-term” causality) (see Granger, 

1988, p.203). 

 

3.1.1 APPLICATION  

 Using the residual series of 2.2.1 Application, estimate an error correction model 

for Japan’s import demand function with a lag length of 4. For this purpose, we 

assume a cointegrating relation among m, y and rp. 

 

D(M) E(-1) D(Y(-1)) D(Y(-2)) D(Y(-3)) D(Y(-4)) D(RP(-1)) D(RP(-2)) D(RP(-3)) 

D(RP(-4)) D(M(-1)) D(M(-2)) D(M(-3)) D(M(-4))  C 
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 Find the causation of m by y, and m by rp  

y -> m  

null hypothesis of “y does not Granger-cause m”, that is a F-statistic for the 

coefficients of D(Y(-1)) D(Y(-2)) D(Y(-3)) D(Y(-4)) equal to zero. 

   
Wald Test: C(2)=C(3)=C(4)=C(5)=0 
 

 
  

The p-value is 0.3681, the null hypothesis cannot be rejected at 0.10 level, thus,  

 y -/-> m 
 
 
 
 
 
 
 

The error correction term, 

E(-1) is insignificant, and 

it provides additional 

evidence of no 

cointegration for Japan’s 

import demand function. 

 

Also, no “long-term” 

causality from y and rp to 

m. 
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rp -> m  

null hypothesis of “rp does not Granger-cause m”, that is a F-statistic for the 

coefficients of D(RP(-1)) D(RP(-2)) D(RP(-3)) D(RP(-4)) equal to zero. 

 
Wald Test: C(6)=C(7)=C(8)=C(9)=0 

 
 

The p-value is large, 0.2657; the null hypothesis cannot be rejected at 0.10 level. Thus,   

rp -/-> m 

 

3.2 TODA-YAMAMOTO (1995) 

 

The objective is to overcome the problem of invalid asymptotic critical values when 

causality tests are performed in the presence of nonstationary series.  

 

Even if the series are nonstationay, a level vector autoregressive (VAR) model can be 

estimated and a standard Wald test can be applied.  

 

The Toda and Yamamoto (1995) procedure essentially suggests the determination  

of the d-max, i.e., the maximal order of integration of the series in the model we suspect 

might occur in the process, and to intentionally over-fit the causality test underlying 

model with additional d-max lags –> so that the VAR order is now p = k + d-max, where 

k is the optimal lag order. 

 

The coefficient matrices of the last d-max lagged vectors in the model are ignored (since 

these are regarded as zeros), and we can test linear or nonlinear restrictions on the first k 

coefficient matrices using the standard asymptotic theory.  

 

For example, to test the null hypothesis of ‘x does not Granger-cause y’ the optimal lag 

order from a usual lag selection procedure, let say, is two, k =2.  The standard equation 

for testing this thesis is: 

0 1 1 2 3 1 4 2t t t t t ty c x x y y u               ---------------- (5) 

 

And, the maximal order of integration that we suspect might occur in the process is one, 

and then the augmented VAR (p = 3; 2 + 1) can be written as  

30 1 1 2 2 3 1 4 2 5 3tt tt t t t ty c x x y y ux y                 ------ (6) 

 

Wald statistic (F-statistic) is used to H0: 0 1 0    (‘x does not Granger-cause y’) 
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3.2.1 APPLICATION 

 Estimate an augmented VAR for p=5 (assume k = 4 (for quarterly data), and d-

max = 1). 

 

m y(-1) y(-2) y(-3) y(-4) y(-5) rp(-1) rp(-2) rp(-3) rp(-4) rp(-5) m(-1) m(-2) m(-3) m(-

4) m(-5) c 

 

 
 

 Does y Granger-cause m?  

F-test for the coefficients of y(-1) y(-2) y(-3) y(-4) equal to zero (excluding y(-5)) 

  

  Wald test: C(1)=C(2)=C(3)=C(4)=0 

  
  

The p-value (0.092) is less than 0.10 level, thus, the result suggest “y does Granger-cause 

m”. 
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APPENDIX –CASE FOR APPLICATION 

 

Aggregate Import Demand Function for Japan 

The existing literature has empirically approached standard formulation of import 

demand equation that relating the quantity of import demanded to domestic real income 

and relative price of imports.  This specification of imports demand corresponds to that of 

the imperfect substitute model, which implies the existence of imports and domestic 

production as well as intra-industry trade.  By assuming zero degree homogeneity, and of 

the supply elasticity is infinite or at least large, single equation of imports demand 

(equation 1) can be consistently estimated.    

 

Mt = f (Yt, RPt)         

where M is the desired quantity of imports demanded at period t, Y is the real income 

(domestic real activity). RP is the relative price of imports that is the ratio of import price 

to domestic price level. And the double-log linear form of data-driven import demand 

regression is given in equation below . 

 

LnMt = a1 +a1LnYt + a2LnRPt +et      

       

Data 

The data for the candidate variables are from OECD Main Economic Indicators. The 

quarterly data covers the sample period 1973:1 - 2000:4 (in indexes and in 1995 prices). 

All variables are in natural logarithm form. 

 

m = log of aggregated imports demand (in 1995 prices, index) 

y = log of real Gross Domestic Product, GDP (in 1995 prices, index) 

rp = log of ratio of import price to domestic price level (proxied by GDP deflator) (in 

1995 prices, index) 

 

EViews work file – japan importdd.wf1 

 


