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The details of the derivation to obtain Eq. (8) from Eq. (5) are shown below: 

Starting from Eq. (5) with both 𝑄1′  and 𝜔′ on the MJO timescale, and overbars representing 
climatological means: 

       −𝜔′ 𝜕𝑞�
𝜕𝜕

=  𝛼�𝑄1′                  (S1) 

Dropping the prime notation for MJO timescale anomalies for simplicity, 𝑄1 can then be 
manipulated to start the normalization by its corresponding vertical integral 〈𝑄1〉: 

       𝑄1 = 𝑄1
〈𝑄1〉

〈𝑄1〉                  (S2) 

Replacing 𝑄1 from (S2) in the right side of (S1), with ∆ representing the difference between 
RCP8.5 and historical simulations, it can be obtained: 

∆(𝛼�𝑄1) = ∆𝛼� � 𝑄1
〈𝑄1〉

〈𝑄1〉�+ 𝛼�∆ � 𝑄1
〈𝑄1〉

〈𝑄1〉� = ∆𝛼� � 𝑄1
〈𝑄1〉

〈𝑄1〉� + 𝛼�∆ � 𝑄1
〈𝑄1〉

� 〈𝑄1〉 + 𝛼� � 𝑄1
〈𝑄1〉

�∆〈𝑄1〉 
(S3) 

Doing a mass-weighted vertical integration for each term in (S3):  

   ∆〈𝛼�𝑄1〉 = 〈∆𝛼� � 𝑄1
〈𝑄1〉

〈𝑄1〉�〉 + 〈𝛼�∆ � 𝑄1
〈𝑄1〉

�〉 〈𝑄1〉 +  〈𝛼� � 𝑄1
〈𝑄1〉

�〉 ∆〈𝑄1〉            (S4) 

We also normalize each term in (S4) by the average of 〈𝛼�𝑄1〉 in the historical and RCP8.5 
simulations to get the fractional change: 

∆〈𝛼�𝑄1〉
〈𝛼�𝑄1〉

=
〈∆𝛼� � 𝑄1〈𝑄1〉

〈𝑄1〉�〉

〈𝛼�𝑄1〉
+
〈𝛼�∆ � 𝑄1〈𝑄1〉

�〉 〈𝑄1〉

〈𝛼�𝑄1〉
+  
∆〈𝑄1〉
〈𝑄1〉

 

 

Using 𝑄�1 = 𝑄1
〈𝑄1〉

 to represent the vertical structure of 𝑄1, it is obtained: 

∆〈α�Q1〉
〈α�Q1〉

=
〈∆α�Q�1〉
〈α�Q�1〉

+
〈α�∆Q�1〉
〈α�Q�1〉

+ 
∆〈Q1〉
〈Q1〉

 

This is (8) in the main part of the paper, where prime notation is used to represent the MJO 

timescale anomalies.  


