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Table S1 

The Copula family of functions and their corresponding mathematical descriptions. 

Name (Abbreviation) Mathematical Description Parameter range Reference 

Gaussian (N) න න
1

2𝜋√1 െ 𝜃ଶ

థషభሺ௩ሻ

ିஶ

థషభሺ௨ሻ

ିஶ
𝑒𝑥𝑝 ሺ

2𝜃𝑥𝑦 െ 𝑥ଶ െ 𝑦ଶ

2ሺ1 െ 𝜃ଶሻ ሻ𝑑𝑥𝑑𝑦 𝜃 ∈ ൣെ1，1൧ 

(Lee et al., 2013) 

Student-t (t) න න
1

2𝜋√1 െ 𝜃ଶ

థషభሺ௩ሻ

ିஶ

థషభሺ௨ሻ

ିஶ
𝑒𝑥𝑝 ሺ

2𝜃𝑥𝑦 െ 𝑥ଶ െ 𝑦ଶ

2ሺ1 െ 𝜃ଶሻ ሻ𝑑𝑥𝑑𝑦 𝜃ଵ ∈ ൣെ1，1൧&𝜃ଶ ∈ ൫0，∞൯ 

Gumbel (G) 𝑒𝑥𝑝 ቄെൣሺെln𝑢ሻఏ ൅ ሺെln𝑣ሻఏ൧ଵ/ఏቅ 𝜃 ∈ ൣ1，∞ሻ 

Frank (F) െ
1
𝜃 𝑙𝑛 ቈ1 ൅

ሺ𝑒ିఏ௨ െ 1ሻሺ𝑒ିఏ௩ െ 1ሻ
𝑒ିఏ െ 1

቉ 𝜃 ∈ R\ሼ0ሽ 

Joe (J) 1 െ ൣሺ1 െ 𝑢ሻఏ ൅ ሺ1 െ 𝑣ሻఏ െ ሺ1 െ 𝑢ሻఏሺ1 െ 𝑣ሻఏ൧ଵ/ఏ
 𝜃 ∈ ൣ1，∞ሻ 

Clayton (C) ൫𝑢ିఏ ൅ 𝑣ିఏ െ 1൯ିଵ/ఏ
 𝜃 ∈ ൫0，∞൯ (Manstavicius and Leipus, 2017) 

 
  



 

Table S2 

Decomposition structure and parameter test of three Vine Copula functions in different dimensions of upstream. 

Dimension Tree 
R-Vine C-Vine D-Vine 

Edge Best-fitting Par (Par2) Edge Best-fitting Par (Par2) Edge Best-fitting Par (Par2) 

3- dimensional 
Tree 1 

2,1 J 2.21 2,1 J 2.21 2,1 J 2.21 

3,2 SJ 1.92 3,2 SJ 1.92 3,2 SJ 1.92 

Tree 2 3,1;2 G270 -1.27 3,1;2 G270 -1.27 3,1;2 G270 -1.27 

4- dimensional 

Tree 1 

2,1 J 2.21 2,1 J 2.21 1,3 C90 -0.59 

2,3 F -3.56 2,3 F -3.56 2,1 J 2.21 

4,2 SJ 1.92 4,2 SJ 1.92 4,2 SJ 1.92 

Tree 2 
4,1;2 G270 -1.27 4,1;2 G270 -1.27 2,3;1 G90 -1.37 

4,3;2 G 1.23 4,3;2 G 1.23 4,1;2 G270 -1.27 

Tree 3 3,1;4,2 SJ 1.16 3,1;4,2 SJ 1.16 4,3;2,1 N 0.32 

5-dimensional 

Tree 1 

3,4 F -3.56 3,4 F -3.56 1,4 C90 -0.59 

3,1 J 2.21 3,1 J 2.21 3,1 J 2.21 

2,3 C 1.19 3,2 C 1.19 2,3 C 1.19 

5,2 N 0.88 5,3 SJ 1.92 5,2 N 0.88 

Tree 2 

2,4;3 N 0.41 2,4;3 N 0.41 3,4;1 G90 -1.37 

2,1;3 G270 -1.43 2,1;3 G270 -1.43 2,1;3 G270 -1.43 

5,3;2 C 0.12 5,2;3 N 0.80 5,3;2 C 0.12 

Tree 3 1,4;2,3 SJ 1.30 1,4;2,3 SJ 1.30 2,4;3,1 N 0.39 

Tree 3 5,1;2,3 G 1.02 5,1;2,3 G 1.01 5,1;2,3 G 1.02 

Tree 4 5,4;1,2,3 F 0.18 5,4;1,2,3 SC 0.02 5,4;2,3,1 F 0.40 

Notes: 1—ACD, 2—WT, 3—V, 4—DO, 5—Q. 



 

Table S3 

Decomposition structure and parameter test of three Vine Copula functions in different dimensions of midstream. 

Dimension Tree 

R-Vine C-Vine D-Vine 

Edge 
Best-fitting 

Copula 
Par (Par2) Edge 

Best-fitting 

Copula 
Par (Par2) Edge 

Best-fitting 

Copula 
Par (Par2) 

3- dimensional 
Tree 1 

2,1 G 2.17 2,1 G 2.17 2,1 G 2.17 

3,2 C 1.31 3,2 C 1.31 3,2 C 1.31 

Tree 2 3,1;2 N -0.11 3,1;2 N -0.11 3,1;2 N -0.11 

4- dimensional 

Tree 1 

2,3 C270 -1.74 2,3 C270 -1.74 3,1 G270 -1.51 

2,1 G 2.17 2,1 G 2.17 2,3 C270 -1.74 

4,2 C 1.31 4,2 C 1.31 4,2 C 1.31 

Tree 2 
1,3;2 J90 -1.11 1,3;2 J90 -1.11 2,1;3 SC 1.33 

4,1;2 N -0.11 4,1;2 N -0.11 4,3;2 SC 0.19 

Tree 3 4,3;1,2 SC 0.21 4,3;1,2 SC 0.21 4,1;2,3 C90 -0.18 

5-dimensional 

Tree 1 

3,4 C270 -1.74 3,4 C270 -1.74 5,2 F 32.72 

3,1 G 2.17 3,1 G 2.17 4,5 C90 -0.73 

5,2 F 32.72 3,2 C 1.06 3,4 C270 -1.74 

5,3 C 1.31 5,3 C 1.31 1,3 G 2.17 

Tree 2 

1,4;3 J90 -1.11 2,4;3 J 1.15 4,2;5 SC 0.48 

5,1;3 N -0.11 2,1;3 N -0.10 3,5;4 C 0.63 

3,2;5 N -0.38 5,2;3 F 26.11 1,4;3 J90 -1.11 

Tree 3 
5,4;1,3 SC 0.21 1,4;2,3 J90 -1.14 3,2;4,5 N -0.28 

2,1;5,3 C90 -0.09 5,1;2,3 F 0.17 1,5;3,4 N -0.10 

Tree 4 2,4;5,1,3 SC 0.25 5,4;1,2,3 N 0.04 1,2;3,4,5 C270 -0.10 

Notes: 1—ACD, 2—WT, 3—V, 4—DO, 5—Q. 



 

Table S4 

Decomposition structure and parameter test of three Vine Copula functions in different dimensions of downstream. 

Dimension Tree 

R-Vine C-Vine D-Vine 

Edge 
Best-fitting 

Copula 
Par (Par2) Edge 

Best-fitting 

Copula 
Par (Par2) Edge 

Best-fitting 

Copula 
Par (Par2) 

3- dimensional 
Tree 1 

2,1 F 5.68 2,1 F 5.68 2,1 F 5.68 

3,2 SJ 2.06 3,2 SJ 2.06 3,2 SJ 2.06 

Tree 2 3,1;2 J 1.11 3,1;2 J 1.11 3,1;2 J 1.11 

4- dimensional 

Tree 1 

2,1 F 5.68 2,1 F 5.68 3,4 F -2.70 

2,3 F -9.18 2,3 F -9.18 2,3 F -9.18 

4,2 SJ 2.06 4,2 SJ 2.06 1,2 F 5.68 

Tree 2 
4,1;2 J 1.11 4,1;2 J 1.11 2,4;3 SJ 1.60 

4,3;2 SJ 1.11 4,3;2 SJ 1.11 1,3;2 J 1.06 

Tree 3 3,1;4,2 F 0.28 3,1;4,2 F 0.28 1,4;2,3 J 1.05 

5-dimensional 

Tree 1 

3,4 F -9.18 3,2 F 3.87 5,2 C 4.44 

3,1 F 5.68 3,1 F 5.68 1,5 SJ 1.79 

2,3 F 3.87 3,4 F -9.18 3,1 F 5.68 

5,2 C 4.44 5,3 SJ 2.06 4,3 F -9.18 

Tree 2 

1,4;3 J 1.06 5,2;3 C 2.95 1,2;5 J90 -1.10 

2,1;3 G 1.00 5,1;3 J 1.11 3,5;1 F 2.57 

5,3;2 C270 -0.22 5,4;3 SJ 1.11 4,1;3 J 1.06 

Tree 3 
2,4;1,3 SJ 1.13 1,2;5,3 t 0.08 (3.29) 3,2;1,5 SC 0.40 

5,1;2,3 J90 -1.11 4,1;5,3 F 0.28 4,5;3,1 J270 -1.22 

Tree 4 5,4;2,1,3 J 1.09 4,2;1,5,3 N 0.01 4,2;3,1,5 C 0.10 

Notes: 1—ACD, 2—WT, 3—V, 4—DO, 5—Q. 



 

Table S5 
The Copula function selects the best result and the corresponding parameters. 

Variates The best fitting copula Kendall (τ) Parameter 

ACDUp/ACDMid SG 0.47 1.89 

ACDMid/ACDDown SG 0.66 2.92 

  



 

 

 

Fig. S1. Three-dimensional Vine Copula structure in this study (Notes: 1—ACD, 

2—WT, 3—V). 

 
  



 

 
Fig. S2. Four-dimensional Vine Copula structure in this study (Notes: 1—ACD, 
2—WT, 3—V, 4—DO). 
 



 

 

Fig. S3. Five-dimensional Vine Copula structure in this study (Notes: 1—ACD, 

2—WT, 3—V, 4—DO, 5—Q). 

 



 

 
Fig. S4. Conditional probability of ACD at different water temperatures and flow velocity in upstream via 3D Vine Copula. 
 



 

 
Fig. S5. Conditional probability of ACD at different water temperatures and flow velocity in upstream via 4D Vine Copula. 
 



 

 
Fig. S6. Conditional probability of ACD at different water temperatures and flow velocity in upstream via 5D Vine Copula. 
 



 

 
Fig. S7. Conditional probability of ACD at different water temperatures and flow velocity in midstream via 3D Vine Copula. 
 



 

 
Fig. S8. Conditional probability of ACD at different water temperatures and flow velocity in midstream via 4D Vine Copula. 
 



 

 
Fig. S9. Conditional probability of ACD at different water temperatures and flow velocity in midstream via 5D Vine Copula. 
 



 

 
Fig. S10. Conditional probability of ACD at different water temperatures and flow velocity in downstream via 3D Vine Copula. 
 



 

 
Fig. S11. Conditional probability of ACD at different water temperatures and flow velocity in downstream via 4D Vine Copula. 
 



 

 
Fig. S12. Conditional probability of ACD at different water temperatures and flow velocity in downstream via 5D Vine Copula. 
 



 

 

Fig. S13. Kendall coefficient model verification. 
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