
Methodology 

According to [1], the concurrent extreme return period can be obtained through the copulas widely used in 

modeling the dependence between multiple variables [2, 3].  Assuming two variables X (e.g 1day cumulative 

precipitation) and Y (e.g. 30 days cumulative precipitation) with cumulative distribution functions 

   XF x Pr X x  and    YF y Pr Y y  , the copula ( C ) can be used to obtain their joint distribution 

function: 
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where  F x, y  is the joint distribution function of X and Y . 

From the joint distribution function F , the so‐called joint survival distribution F and be obtained: 
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where Ĉ  is the survival copula. Similar to the univariate return period analysis, the survival return 

period of X and Y is defined as follows: 
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where 
x ,yk is the survival Kendall's return period; μ  > 0 is the average interarrival time of X and Y (μ  = 1 in this 

study ); and K  is the Kendall's survival function associated with F  defined as 
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In this study, Gaussian Copula model the dependence between Two-dimensional variables, the tau, par 

and p value of fitted Gaussian Copula for different cumulative precipitation are presented in Figure S6. 



Figure S1. The fitted parameters of Generalized Extreme Value (GEV) distribution for different cumulative precipitation 

during 1960-2019. 



 

Figure S2. The AD test of fitted Generalized Extreme Value (GEV) distribution for different cumulative precipitation during 

1960-2019. This result shows the fitted GEV in all stations pass the AD test. 

 



 

Figure S3. The spatial distribution of cumulative precipitation in 1998 and 2020. The third column present the different 

of cumulative precipitation. Blue and red show higher and lower precipitation in 2020 compared with 1998. 



 

Figure S4. The spatial distribution of the RT difference in different cumulative days between 2020 and 1998. Blue and 

red show higher and lower precipitation in 2020 compared with 1998. 

 

Figure S5. The probability density functions (PDFs) of return period for different cumulative precipitation in 1998 and 2020. 



 

Figure S6. The tau, par and p value of fitted Bi-Copula for different cumulative precipitation during 1960-2019. 



 

 

Figure S7. The probability density functions (PDFs) of joint return period for different cumulative precipitation in 1998 

and 2020. 

 



 

 

Figure S8. The station distribution of combined return period for different cumulative precipitation in 1998 and 2020. 
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