
 
 

 
 



 
 

 



 
 



 
 

 



 
 



 
 



 
 



 
 

 

 



 
 

 



 
 

 



 
 

 

 

 
1  

    



 
 

𝑦𝑖,𝑡+𝜏 − 𝑦𝑖,𝑡−1 = 𝛼𝑖 + 𝑫𝑖𝜷𝜏 + 𝑪𝑖𝜸𝜏 + 휀𝑖𝜏

∈ {1 N} 

𝜏 ∈ {1 } 

α, β’s, and γ’s 

 휀𝑖𝑡   

𝜷𝜏 𝑦𝑖,𝑡+𝜏

𝜏

𝜏

𝑦𝑖,𝑡+𝜏 𝜏

𝑫𝑖 .

𝑫𝑖



 
 

𝑪𝑖

�̅�𝑖

𝑦𝑖

�̅�𝑖𝑡 �̃�𝑖𝑡 = 𝑦𝑖𝑡 −

�̅�𝑖𝑡 𝑧𝑖𝜏 = �̃�𝑖,𝑡+𝜏 − �̃�𝑖,𝑡−1. 

𝛼𝑖

𝑧𝜏 = 𝛼 + 𝑿𝜷 + 휀𝜏

𝑧𝜏 𝑌1𝜏, … , 𝑌𝑁𝜏)′  𝛼 𝛼1, … , 𝛼𝑁)′  𝑿𝜏 𝑫1, … , 𝑫𝑁; 𝑪1, … , 𝑪𝑁)′ 휀𝜏 휀1𝜏, … , 휀𝑁𝜏)′.

𝛼



 
 

𝛼

𝜎𝛼
2

𝛼𝑖 휀𝑖𝜏

𝒁𝜏

 

 W

 

 

 



 
 

𝑧𝑖𝜏 = 𝛼𝑖 + 𝜌𝑾𝑧𝑖𝜏 + 𝑫𝑖𝜷𝜏 + 𝑪𝑖𝜸𝜏 + 휀𝑖𝜏

𝜌 (0 ≤ 𝜌 ≤ 1)

W 𝑊𝑖𝑗  

W 𝑊𝑖𝑗 

1/𝑚𝑖 𝑚𝑖

W

W

𝑧𝑖𝜏 = 𝛼𝑖 + 𝑫𝑖𝜷𝜏 + 𝑪𝑖𝜸𝜏 + 𝜔𝑖𝜏

𝜔𝑖𝜏 = 𝛿𝑾𝜔𝑖𝜏 + 휀𝑖𝜏

𝜔𝑖𝜏 𝛿 

𝛿 ≠ 0
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𝜒2(1)
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𝑾𝑧𝑖𝜏
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