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∆𝑦𝑡 = 𝛼0 + 𝛾𝑦𝑡−1 + ∑ 𝛽𝑖∆𝑦𝑡−𝑖
𝑞
𝑖=1 + 𝜀𝑡

∆𝑦𝑡 = 𝑦𝑡 − 𝑦𝑡−1 𝑦𝑡

∆𝑦𝑡−1 = 𝑦𝑡−1 − 𝑦𝑡−2 𝑦𝑡−1

𝜀𝑡 =

Form Model 
LTUAR LEXR 

Stationary 
P-Value 

First Different 
Intercept and no 

trend 
0.0000 0.0000 I (1) 

𝐻0

𝐻1
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Dependent Variable P-Value Stationary 

TUAR 0.1532 
non-stationary 

EXR 0.2793 

∆𝑻𝑼𝑨𝑹𝒕 = 𝛼01 + 𝛼11∆𝑇𝑈𝐴𝑅𝑡−1 + 𝛼21∆𝑇𝑈𝐴𝑅𝑡−2 + 𝛼31∆𝑇𝑈𝐴𝑅𝑡−3 + 𝛼41∆𝑇𝑈𝐴𝑅𝑡−4  +

                                      𝛽11∆𝐸𝑋𝑅𝑡−1 + 𝛽21∆𝐸𝑋𝑅𝑡−2 + 𝛽31∆𝐸𝑋𝑅𝑡−3 + 𝛽41∆𝐸𝑋𝑅𝑡−4 + 𝑢1𝑡 

[4] ∆𝑬𝑿𝑹𝒕 = 𝛼02 + 𝛼12∆𝑇𝑈𝐴𝑅𝑡−1 + 𝛼22∆𝑇𝑈𝐴𝑅𝑡−2 + 𝛼32∆𝑇𝑈𝐴𝑅𝑡−3 + 𝛼32∆𝑇𝑈𝐴𝑅𝑡−4 + 𝛽12∆𝐸𝑋𝑅𝑡−1 +

                                   𝛽22∆𝐸𝑋𝑅𝑡−2 + 𝛽32∆𝐸𝑋𝑅𝑡−3 + 𝛽42∆𝐸𝑋𝑅𝑡−4 + 𝑢2𝑡 

𝐻0: 𝛽11 = 𝛽21 = 𝛽31 = 𝛽41 = 0

𝐻1: 𝛽11 ≠ 𝛽21 ≠ 𝛽31 ≠ 𝛽41 ≠ 0

In equation (4) the null and alternative hypothesis to test, 

𝐻0: 𝛼11 = 𝛼21 = 𝛼31 = 𝛼41 = 0 (Non-causality) 

𝐻1: 𝛼11 ≠ 𝛼21 ≠ 𝛼31 ≠ 𝛼41 ≠ 0  (causality) 

Dependent Variable P-Value 

1ST_D_DE_TREND_DE_SEASON_LTUAR 0.0340 

1ST_D_DE_TREND_LEXR 0.0044 
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