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Supplementary information 

 

Supplementary Table S1: HBV model parameters and their meaning. 

 

No Parameter Unit 

1 L Depth of upper reservoir mm 

2 K0 Surface flow storage constant L/day 

3 K1 Interflow storage constant L/day 

4 K2 Baseflow storage constant L/day 

5 KPER Percolation storage constant L/day 

6 TT Threshold temperature 0C 

7 DD Degree day factor mm/0C day 

8 BETA Model parameter - 
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Supplementary Table S2: Statistics of drought events associated with the observation 

period 1971–2000. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Table S3: Used copula models and associated parameter space. 

 

 

 

 

 

Variable Value 

Number of events 

Min. duration 

Max. duration 

Duration median 

Min. severity 

Max. severity 

Severity median 

26 

1 

25 

5 

0.014 

26.501 

2.850 

Family Model Parameter space 

 

Frank 

 

Gumbel 
 

Clayton 
 

 

FGM 
 

AMH 

 𝐶ఏሺ𝑢, 𝑣ሻ = − 1𝜃 𝑙𝑜𝑔 ቊ1 + ൫𝑒ିఏ௨ − 1൯൫𝑒ିఏ௩ − 1൯𝑒ିఏ − 1 ቋ 

𝐶ఏሺ𝑢, 𝑣ሻ = 𝑒ି൛ሺି௨ሻഇାሺି௩ሻഇൟభഇ 
 𝐶ఏሺ𝑢, 𝑣ሻ = 𝑚𝑎𝑥 ቊ൫𝑢ିఏ + 𝑣ିఏ − 1൯ିଵఏ, 0ቋ 

 𝐶ఏሺ𝑢, 𝑣ሻ = 𝑢𝑣 + 𝜃𝑢𝑣ሺ1 − 𝑢ሻሺ1 − 𝑣ሻ 
 𝐶ఏሺ𝑢, 𝑣ሻ = 𝑢𝑣1 − 𝜃ሺ1 − 𝑢ሻሺ1 − 𝑣ሻ 
 

 𝜃 ∈ ሺ−∞,∞ሻ 
 𝜃 ∈ ሾ1,∞ሻ 
 θ ∈ ሾ−1,∞ሿ\ሼ0ሽ 
 𝜃ሾ−1,1ሿ 
 𝜃 ∈ ሾ−1, 1ሻ 
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Supplementary figure S1: Observed and simulated monthly discharge for calibration and 

validation period for the River Rhine at Lobith.  
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Supplementary figure S2: Bivariate interdependence duration-severity for return periods 

2, 5 and 10 years for the mid (a) - and end (b)-century and five GCMs separated by RCPs. 


