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Finally, we may consider some diagnostics concerning the overall quality 
of the chosen AECM. We can check the robustness of our results by assessing 
whether or not there is evidence of any remaining non-linearities in the 
corresponding residuals from each estimated model. Many tests have been 
proposed in the literature for detecting non-linearity. Instead of using a single 
statistical test, four different tests are considered for the purposes of this paper: 
McLeod and Li (1983) for an ARCH alternative, Engle LM (1982) for GARCH, 
Brock et al. (1996) (BDS hereafter) for a general linearity test, and Tsay (1986) 
for Threshold effects. All these tests share the principle that once any (linear or 
non-linear) structure is removed from the data, any remaining structure should be 
due to a (unknown) non-linear data generating mechanism. All the procedures 
embody the null hypothesis that the series under consideration is an i.i.d. process.8  

 
Table 6: Tests for Non-linearity 
 1 - ECM 2 - AECM 
 BOOTSTRAPASYMPTOTIC  BOOTSTRAPASYMPTOTIC 
MCLEOD-LI TEST:       
USING UP TO LAG 20 0.649 0.757  0.802 0.886  
USING UP TO LAG 24 0.603 0.725  0.697 0.823  
ENGLE TEST:       
USING UP TO LAG 1 0.071 0.080  0.259 0.270  
USING UP TO LAG 2 0.105 0.096  0.271 0.284  
USING UP TO LAG 3 0.171 0.191  0.405 0.444  
USING UP TO LAG 4 0.227 0.253  0.455 0.506  
TSAY TEST 0.730 0.752  0.791 0.811  
BDS        
Dimension m EPS=0.50 EPS=1.00 EPS=2.00EPS=0.50 EPS=1.00EPS=2.00
 BOOTSTRAP     

2 0.213 0.101 0.074 0.719 0.118 0.150 
3 0.077 0.021 0.028 0.377 0.038 0.071 
4 0.249 0.022 0.047 0.376 0.039 0.108 
 ASYMPTOTIC     
2 0.178 0.073 0.041 0.822 0.090 0.118 
3 0.016 0.004 0.010 0.425 0.011 0.045 
4 0.169 0.003 0.021 0.398 0.012 0.073 

Note: The BDS test statistic tests the null hypothesis that a series is i.i.d. against the alternative of 
realisation from an unspecified non-linear process. m is the embedding dimension and ε (EPS) 
equals 0.5σu, 1.0σu and 2.0σu, respectively, where σu is the standard deviation of the residuals. 
Given that the choices of m and ε are crucial for the power of the test, we report the results for 
different plausible values of m and ε as suggested by Brock, Hsieh and LeBaron (1991). Only p-
values are reported. 
                                                 
8 The reader is also referred to the detailed discussion of these tests in Barnett et al (1997) and 
Patterson and Ashley (2000). 



 
We begin by examining the residuals of the ECM for any remaining non-

linearity. The Engle test accepts the randomness hypothesis for the residuals of 
the ECM model (all p-values >0.05) implying that GARCH effects are not 
present. The McLeod-Li tests reject ARCH-type structures in the residuals and the 
Tsay tests reject threshold effects. The BDS test statistic provides strong evidence 
that important nonlinearities exist in the residuals of the ECM model. Therefore, 
we could argue that the linear ECM cannot capture the dynamics of the series. 
The same tests for randomness were carried out using the residuals of the AECM. 
The p-values across the tests are higher in all cases. There is no evidence of 
(G)ARCH type of effects (see both the McLeod-Li and the Engle tests). 
Furthermore, the BDS tests accept the i.i.d. null (only two out of nine p-values are 
less than 0.05). Therefore we can argue that the AECM specification can capture 
the dynamics of the series and suggests that there is an asymmetric adjustment in 
the US current account. This conclusion is based on both the results of the 
Breitung nonparametric test which accepts cointegration and from the BDS test 
statistic that rejects the linear ECM model and favours the asymmetric one. 
Further model selection criteria based on the adjusted R2 and AIC indicate that the 
AECM is favoured over the ECM.  

 
4. CONCLUSIONS 
 
This study conducts an investigation into the behaviour of the US current account 
through an examination of cointegration between imports and exports and 
asymmetries in the short-run dynamics of adjustment. Using data for a study 
period covering four decades, we find evidence in favour of cointegration. The 
relationship is stable and holds when structural breaks are taken into account as well. 
By employing a recursive Trace test, we have identified distinct periods where US 
exports and imports were not cointegrated (mid 1960s to mid 1970s and mid 1980s 
to the end of the 1990s) and distinct periods where they were (mid 1970s to mid 
1980s and late 1990s onwards). For the most recent years, there is evidence of 
cointegration between exports and imports despite the historically high levels of 
current account deficit. This is consistent with so-called threshold effects in current 
account adjustment. Further analysis of the asymmetric short-run dynamics reveals 
that adjustment towards long-run equilibrium between exports and imports is 
primarily driven by US exports responding to current account deficits. Clearly, the 
mechanisms through which imports, exports and current account adjustment can be 
achieved are complex and this would merit a fruitful avenue for future research. 
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TECHNICAL APPENDIX 
 
BREITUNG NONPARAMETRIC TEST FOR COINTEGRATION 
 
BreitungÕs unit root and cointegration test employs a variance ratio as the test 
statistic. As noted, this approach can eliminate problems in terms of specifying 
the short run dynamics and the estimating nuisance parameters. If { }1

T
ty  denotes 

an observable process that can be decomposed as t t ty d xδ ′= + , where tdδ ′  is the 
deterministic part (dt=1 or [1, ]t ′ ), and xt is the stochastic part. If we do not assume 
the deterministic part, then yt is consistent with xt. The null hypothesis is that xt is 
I(1), if T →∞ , 1/ 2

[ ] ( )aTT x W aσ− ⇒ , where σ>0 represents the constant (long-run 
variance), and W(a) denotes a Brownian motion, [ ] is the integer part. The 
expression of xt  makes possible the application of a general data generating 
process. Asymptotically, to construct a consistent estimate which does not require 
the specification in short run dynamics and an estimate of σ, Breitung has 
proposed the following test statistic 
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where tu  is the OLS residuals that t t tu y dδ ′= − , and tU  is the partial sum 

process that 1 ...t tU u u= + + . If yt is I(0), the test statistic Tρ  converges to 
0.Breitung shows that the variance ratio test has favourable small sample 
properties using Monte Carlo simulations. 

We could proceed and test for cointegration by the generalisation of the 
nonparametric unit roots test on the assumption that the process can be 
decomposed into a q-dimensional vector of stochastic trend components ξt and a 
(n-q)-dimensional vector of transitory components of vt where n is the number of 
variables. Asymptotically, ξt and vt is 1/ 2

[ ] ( )aT qT W aξ− ⇒  and 
2

1
(1)T

t t pt
T v v o−

=
′ =∑ , respectively, where Wq(a) denotes a q-dimensional 

Brownian motion with unit covariance matrix. The dimension of ξt is related to 
the cointegration rank. In addition, it assumes that the variance of ξt diverges with 
a faster rate than vt instead if assuming the stationarity of vt. From the assumption, 
the transitory component denoting the cointegration relationship can be generated 
by any process.  



To test the number of cointegrating vectors, Breitung has proposed the 
following problem about the n x n matrix At, Bt. 

0j T TB Aλ − =  
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=∑  represent the n-

dimensional partial sum concerning tu . The problem is equivalent to solving the 
eigenvalue of 1

T T TR A B−= . The solution of equation (3) is ( ) /( )j j T j j T jA Bλ η η η η′ ′=  
where jη  is the eigenvalue of jλ . If the vectors of the stochastic trends are less 
than q, T2λj diverges to infinity. In that case, since stochastic trends are linked 
with each other, a cointegrating vector exists. Hence, the test statistic is the 
following 
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where 1 2 ... nλ λ λ≤ ≤ ≤  is the ordered eigenvalues of RT. The idea of cointegration 
rank behind the approach is similar to JohansenÕs idea. The statistic tests whether 
a q-dimensional stochastic component is rejected at the significance level. 
 
UNIT ROOT TEST WITH STRUCTURAL BREAK 
 
If there is a shift in the time series, it should be taken into account in testing for a 
unit root because the ADF test may be distorted if the shift is simply ignored. 
Saikkonen and Lutkepohl (2002) and Lanne et al. (2002) have proposed the 
following model: 

0 1 ( )t t ty t f uμ μ θ γ′= + + +  
where θ and γ are unknown parameters or parameter vectors and the errors ut are 
generated by an AR(p) process. The shift function, ( )tf θ γ′ , could be i) a simple 
shift dummy variable with shift data Tb, ii) based on the exponential distribution 
function which allows for nonlinear gradual shift to a new level starting at time Tb 
and iii) a rational function in the lag operator applied to a shift dummy. Saikkonen 
and Lutkepohl (2002) and Lanne et al. (2002) have proposed unit root tests based 
on estimating the deterministic term by generalised least squares (GLS) procedure 
and subtracting it from the original series. Then an ADF-type test is performed on 
the adjusted series. If the break date is unknown, the authors recommend (based 
on simulation results) choosing a reasonably large AR order in the first step and 
then picking up the break data that minimises the generalised sum of squares 
errors of the model in first differences. 
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