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Review of  Panel Unit Root Tests 

Consider the following AR(1) model ( Dickey and Fuller, 1979 ): 

 

 

         It can be equivalently written as 

 

 

          or 

 

 

         The unit root hypothesis          is equivalent to          . 
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From Levin et al. (2002): 

         “...This paper considers pooling cross-section time series    

         data as a  means of generating more powerful unit root  

         tests.” 
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Review of  Panel Unit Root Tests 



First Generation: Assume that idiosyncratic errors are cross-

sectionally independent. Banerjee (1999); Levin et al., (2002); 

Im et al., (2003,IPS) and Maddala and Wu (1999). 

 

 

            where        are independent for all i and t. The panel unit-root null    

           hypothesis can be expressed as: 
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Second Generation:  Allow idiosyncratic errors are cross-

sectionally dependent.   See the common factor models of Bai 

and Ng (2004); Moon and Perron (2004) and Pesaran (2007) 

and Pesaran et al. (2013).  

 De-factor method  (Bai and Ng , 2004):  

 

      where 
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 Cross-sectional mean approximation  (Pesaran et al. , 2007, 2013): 

 

 

       The unit-root hypothesis,     = 1 for all i, can be expressed as: 

    

 

i
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New development: Cross-dependent error and consideration of 

Structural change 

 The impact of structural change on traditional unit root test: 

  Low power (Spurious Accept ion): Perron (1989) 

  Over size (Spurious Rejection): Lebourney et al. (1998) 
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 Bai and Carrion-i-Silvestre (2009, RES): Adding Dummy     

        variables at Bai and Ng(2004) 's model: 

 

         where 
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 Im et al.  (2010, Working paper): Adding Dummy variables 

 

           

      The unit-root hypothesis,    ＝1 for all i, can be expressed as: 

 

 

i
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Fourier Form Change 

It is difficult to precisely estimate the number and magnitudes 

of multiple breaks.(Prodan, 2008). 

Fourier form break: Becker et al. (2004, 2006), Enders and 

Lee (2012) 

 

 

 

 DGP is Fourier Form (Smooth Break) 

 Fourier Function is an approximation to Instantaneous break.  
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Our Model 

Model and Test statistics 

 Data Generating Process: A single frequency Fourier-form Break. 

 

 

 

                    where                                                               .  

 

                     The panel unit-root hypothesis can be expressed as: 

 

                     against the possibly heterogeneous alternative, 
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 (Individual)  Breaks and cross dependence augmented Dickey-  

            Fuller testing equation (BCADF): 

 

 

 

                        The t-statistic of the estimate of      (    ) is applied to examine   

                        the unit-root hypothesis and is expressed as: 

 

ib
ib̂
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Theoretical Results 

 Asymptotic Distribution of  BCADF under the null hypothesis 
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where 

 

 

 

 

 

 

 

 

 

 

 

            

            Theorem 2 shows that the asymptotic distribution of    (N,T) depends    

            only on the  frequency parameter,    , but is invariant to all other  

            parameters in the DGP. 


it
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 Pesaran et al. (2013)'s CADF under Fourier form break. 
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                              The expression                                             is the same as  

                              the limiting distribution of the CADF statistic proposed by   

                              Pesaran et al. (2013, Theorem 2.1) when there is no break in  

                              the DGP. 
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 BCADF-based Panel Unit-Root Tests 

 

 

Critical values. 

 Extension to serially correlated errors 
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 BCADF-based Panel Unit-Root Tests 

 

 

Critical values. 

 Extension to serially correlated errors 
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Finite sample performance 

 

 Size and Power of BCIPS. 

 Size of  Pesaran et al.’s (2013) CIPS. 
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Finite sample performance 

 

 Size and Power of BCIPS. 

 Size of Pesaran et al.’s (2013) CIPS. 
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Empirical example: Examines the validity of long-run PPP by 

testing the stationarity of real exchange rates. 

 Cross-sectional unit: 30 OECD countries (N = 30). 

 Time series period: 1981Q1-2011Q4 (T = 124). 

 Empirical Results: We therefore conclude that there is little 

evidence to support long-run PPP. 
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Conclusion: It is fair to say that the BCIPS test complements 

the panel unit-root tests using dummy variables. 
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