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APPENDIX 

A) Unit root testing 

In time series and panel data econometrics, one of the concepts that have attracted 

increasing attention is the characteristic of stationarity.  

“A stochastic process is said to be stationary if its mean and variance are constant 

over time and the value of covariance between the two time periods depends only on 

the distance or gap or lag between the two time periods and not the actual time at 

which the covariance is computed” (Gujarati, 2003:797). 

It is highly significant to specify whether a series is stationary or not before 

continuing. Although there are various tests which have been used to test for 

stationarity, it was decided to use the most commonly used test in panel data 

analysis: the Levin, Lin and Chu (2002) test. 

The null hypothesis is as follows: 

 

Eq. 0.1 ?�@� � A�@,�B
 � ∑ D@E?�@,�BE¬@EK
 � ­G@HG� � I@� , G � 
67  

 

Where dmt is the vector of deterministic variables and αmt the corresponding vector 

of coefficients for model m =1,2,3.  
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Step 1: Individual augmented Dickey-Fuller (ADF) regressions for each cross-section 

 

Eq. 0.2 ?�@� � A@�@,�B
 �  ∑ D@E?�@,�BE¬@EK
 � ­G@HG� � I@� , G � 
67  

For a given T, choose the maximum lag order pmax and then use the t-statistic of θ¯°±  

to determine if a smaller lag can be chosen instead. Once the lag is determined, two 

auxiliary regressions should be run: 

 

Eq. 0.3 ?�@� ²r ?�@,�BE �E � 
, … . J@�FrH HG��² ³o� �´o µo¶@H·Fq o¸�¹   

And  

Eq. 0.4 9 ,�B
 �& ?9 ,�B- �- � 
, … . 2 �$&' 'N��� ¥�� ��� ��! '4$% �º,�B
» �  

 

Then, standardise these residuals to account for different variances where ¼�½¹  is the 

standard error for each ADF regression (2).  

 

Eq. 0.5 �º�¾ �  �º�¹ ¿5º¹⁄  $&' �À ,�B
 � �Á � ¿Â5 ⁄   

 

Step 2: Estimation of the ratio of long-run to short-run standard deviations 

Under the null hypothesis (1), the long-run variance can be estimated as follows: 
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Eq. 0.6 ÃÂ�@6 � 
tB
 ∑ ?�@�6t�K6 �  6 ∑ 	ÄE Å 
tB
 ∑ ?�@�?�@,�BEt�K6�E ÆÄEK
   

Where Ç is a truncation lag that can be dependent on the data. 

For each cross-section, the ratio of long-run to short-run deviation is È̂` � ¼ÁÊ` ¼ÁË`⁄  and 

the average standard deviation is estimated by ÌÍÎ � hÎ ∑ È̂`Î̀Kh . 

 

Step 3: Computation of the panel test statistics 

Run the pooled regression: 

 

Eq. 0.7 �À � � Ï�À ,�B
 � 5À �  
The conventional t-statistic is bÐ � ÐÂÑÂ�ÐÂ� where  

 

Eq. 0.8 ÏÂ � ∑ ∑ �À ,�B
�À �>�K6�2 < K
 ∑ ∑ �À ,�B
6>�K6�2 < K
Ò   

Eq. 0.9 

¿Â�ÏÂ� �  ¿Â5 z Å∑ ∑ �À ,�B
6> �K6�2 < K
 Æ
/6Ò   

 

And the estimated variance of Ó̃̀ �  is 
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Eq. 0.10 ¿Â5À6 � 
<>Õ ∑ ∑ ��À � 8 ÏÂ�À ,�B
�6>�K6�2 < K
   

The adjusted t-statistic is computed as follows: 

 

Eq. 0.11 �Ï1 � �ÏB<>ÕPÖ<¿Â5À×6¿Â�ÏÂ�ØN>Õ1¿N>Õ1   

Where ÙgYÚ1  and ¼gYÚ1  are the mean and standard deviations given in Levin, Lin and 

Chu (2002). 

 

B) Hausman test for misspecification 

In general, it is assumed that there is exogeneity of the regressors (E(uit|Xit)=0) in 

panel data models. But the residuals may include individual and time effects possibly 

correlated with Xit (E(uit|Xit)≠0). Therefore Hausman (1978) proposed and 

constructed a test to identify this endogeneity or misspecification.  

Null hypothesis H0: No misspecification or E(uit|Xit)=0 

Alternative hypothesis H1: Misspecification or E(uit|Xit)≠0 

The test is based on two estimators (ÛÍÜÝÞ ßec ÛÚà`�á`i) that are both consistent with 

H0 but have a different distribution under H1.  
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Eq. 0.12 qÁh � βÖä°å 8 βÚæ{�ç{�  
The Hausman test is defined as  

 

Eq. 0.13 N
 � èÂ
*�$��èÂ
�,B
èÂ
 ~ êë6    

Where K is the dimension of ìÁ (the number of regressors or slope coefficients). 

However, Hausman and Taylor (1981) mentioned that there are other equivalent 

tests that are asymptotically distributed íîï  under H0. 

 

Eq. 0.14 èÂ
 � 3ðñ-P 8 3Õ�  
Eq. 0.15 èÂ6 � 3ðñ-P 8 3Õò  

Eq. 0.16 èÂ7 � 3Õ� 8 3ðò  

Where the vector of slope coefficients is ó` � ìÁ`ồBhìÁ`  where ồ � õßö�ìÁ`� for 

i=1,2,3. 

To avoid the estimation of the GLS estimator for simplicity purposes, we prefer the 

computation of m3: 

 

Eq. 0.17 èÂ7 � 3Õ� 8 3ðò $&' N7 � èÂ7÷7B
èÂ7 where ÷7 � �$��èÂ7�  
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The comparison of m3 to íï�2� will provide us with the information to know whether 

we should accept the null hypothesis of heterogeneity of the X regressors or not: if 

m3> íï�2�, we reject the null hypothesis.  

C) Testing for heteroskedasticity 

A correct panel data regression assumes homoskedastic disturbances with similar 

variances across time and individuals. However, when cross-sectional units are of 

varying size and different variances then this assumption may not hold and the 

standards errors will be biased.  

The general test for heteroskedasticity is adopted from Greene (econometric 

analysis). 

Null hypothesis: H0: ¼ ï̀ � ¼ï for all i or homoskedasticity 

Alternative hypothesis: H1: ¼ï̀ � ¼ï for all i or heteroskedasticity 

The LM test statistic is defined as follows: 

 

Eq. 0.18 

-û �  >6 C*¿Â 6¿Â<
 K
 8 
,^6 ~ê<B
6   

 

Where ¼Á ï̀ is the individual regression's RSS/NT while ¼Á is the pooled regression’s 

RSS/NT. If the LM >íÎBhï  then the null hypothesis can be rejected and it can be 

concluded that the model suffers from heteroskedasticity.  

 
 
 



 

210 

 

D) Testing for serial correlation 

In a panel data analysis context, the classical error component disturbances 

(u{� � µ{� � v{�� assume correlation within a cross-section due to individual effects. 

The correlation coefficient then becomes: 

 

Eq. 0.19 

L����%�4 �, 4 !� � ¿Ø6�¿Ø6�¿�6� , ��� � � !  

 

However, we might observe serial correlation where the unobserved shock in a given 

period will affect the relationship for a few periods. To test for serial correlation, we 

assume the following: �`� � �`��  � � �`�  where δ is (K+1) x1 and u{� � µ{� � v{� for 

i=1,...N and t=1,....N, and Ù`~����0, ¼
ï�, õ`� is either AR(1) or MA(1). The proposed 

test checks for serial correlation together with individual effects.  

Null hypothesis: H0: ¼
ï � 0;  
 � 0 (No random effects and No serial correlation) 

 õ`� � Ó`� 8 
Ó`,�Bh 

Alternative hypothesis H1: ¼
ï � 0;  � � 0 (Random effects and serial correlation) 

õ`� �  �õ`,�Bh � Ó`�  

If the LM >íïï then the null hypothesis can be rejected and it can be concluded that 

the model suffers from serial correlation.  
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