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Table S1. start dates, end dates, durations and total rainfall amount of the EEP events 

in April and May. 

EEP events  

ID Start date End date  Duration  Total rainfall amount (mm) 

1 1961-05-09 1961-05-12 4 7683.6 

2 1963-04-16 1963-04-23 8 9281.4 

3 1964-05-15 1964-05-21 7 11978.1 

4 1964-05-24 1964-05-29 6 6228.0 

5 1966-05-10 1966-05-15 6 5362.5 

6 1968-05-04 1968-05-10 7 6473.8 

7 1970-05-27 1970-06-02 7 10377.5 

8 1971-05-01 1971-05-04 4 6842.7 

9 1974-05-17 1974-05-22 6 7956.5 

10 1979-05-11 1979-05-15 5 5959.6 

11 1984-05-11 1984-05-16 6 6360.9 

12 1985-05-03 1985-05-06 4 5703.0 

13 1985-05-12 1985-05-18 7 8786.0 

14 1987-05-25 1987-05-28 4 7226.9 

15 1988-05-06 1988-05-12 7 11647.5 

16 1989-04-27 1989-05-02 6 7969.5 

17 1994-04-18 1994-04-22 5 5406.8 

18 1995-05-18 1995-05-21 4 7530.5 

19 1999-04-23 1999-04-27 5 6668.9 

20 2002-05-13 2002-05-17 5 5384.8 

21 2005-04-09 2005-04-12 4 5400.8 

22 2007-04-22 2007-04-24 3 4800.1 

23 2014-04-19 2014-04-21 3 4895.4 

 

 

 



Text S1. Moisture budget analysis 

To demonstrate the changes and associated moisture convergence anomalies 

related to extreme precipitation, the moisture budget analysis is used. Here we show 

the detailed derivation process of the moisture budget for better understanding. 

The atmospheric water vapor transport and precipitation are connected via the 

moisture budget of atmospheric column: 
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Where q is the specific humidity, E is the evaporation, P is the precipitation. V is the 

three-dimensional wind vector (u, v, 𝜔), g is the acceleration due to gravity and 𝜌𝑤 is 

the density of water. As the vertical integral 〈 〉 denotes a mass integration through 

the surface pressure to 300hPa, that is: 
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Thus, the S1 can be express as:  
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Further, 𝑃 ∙ 𝜌𝑤 = 𝐸 ∙ 𝜌𝑤 − 𝜕𝑡〈𝑞〉 − 〈∇ ∙ V𝑞〉 , because of 𝜌𝑤 =  1×103kg m-3, we 

derive the equation: 

 𝑃 = 𝐸 − 𝜕𝑡〈𝑞〉 − 〈∇ ∙ V𝑞〉                        (S4) 

the 𝐸 and 𝑃 in equation S4 are the surface evapotranspiration and precipitation rate, 

respectively. The unit in the left and right of S4 is mm day-1 (or m s-1). 

When a variable is decomposed into its climatological mean (overbar) and synoptic-

subseasonal anomalies (single prime) and non-synoptic-subseasonal components 

(double prime). The moisture budget can be expressed as: 

𝑃′ − (𝐸′ − 𝜕𝑡〈𝑞〉′ − 〈∇ ∙ V𝑞〉′) = −{�̅� − (�̅� − 𝜕𝑡〈𝑞〉̅̅ ̅̅ ̅̅ ̅ − 〈∇ ∙ V𝑞〉̅̅ ̅̅ ̅̅ ̅̅ ̅̅ )} − {𝑃′′ − (𝐸′′ −

𝜕𝑡〈𝑞〉′′ − 〈∇ ∙ V𝑞〉′′)}                                               (S5) 

For the Asian monsoon regions, it is demonstrated that the moisture convergence 

〈∇ ∙ V𝑞〉 tends to balance well with 𝑃 − 𝐸, in terms of both climatology and changes 

(Li et al. 2015; Zhang et al. 2017). Thus, the moisture budget at synoptic-subseasonal 

time scale is expressed as:  



𝑃′ = 𝐸′ − 𝜕𝑡〈𝑞〉′ − 〈∇ ∙ V𝑞〉′                    (S6) 

the term 〈∇ ∙ V𝑞〉′ is the anomalous convergence of integrated moisture flux, which 

can be divided into the horizontal and vertical terms. Thus, the (S6) can be expressed 

as: 

𝑃′ = 𝐸′ − 𝜕𝑡〈𝑞〉′ − 〈∇ℎ ∙ V𝑞〉′ − 〈𝜕𝑝𝜔𝑞〉′              (S7) 

where V is the horizontal wind vector (u, v), 𝜔 is the vertical pressure velocity.  

Further, 

 𝑃′ = 𝐸′ − 𝜕𝑡〈𝑞〉′ − 〈V ∙ ∇ℎ𝑞〉′ − 〈q ∙ ∇ℎV〉′ − 〈qV ∙ ∇ℎ𝑝𝑠〉′ − 〈𝜔𝜕𝑝𝑞〉′ − 〈𝑞𝜕𝑝𝜔〉′                                                       

(S8) 

transformed by the continuity equation and ignored the surface component ∇ℎ𝑝𝑠, the 

(S8) can be expressed: 

𝑃′ = 𝐸′ − 𝜕𝑡〈𝑞〉′ − 〈V ∙ ∇ℎ𝑞〉′ − 〈𝜔𝜕𝑝𝑞〉′              (S9) 

the Eq.(S9) is the anomalous moisture budget diagnosed in our study. The above 

derivation process is similar to that in Chou et al. (2009, 2013), Seager and Henderson 

(2013). 
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