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Table S1. Actual values of the source location and its release fluxes in Case 1. 

Contaminant Source 

(𝑺𝑰, 𝑺𝑱) 

Release fluxes (kg/day) 

𝑺𝟏𝑷𝟏 𝑺𝟏𝑷𝟐 𝑺𝟏𝑷𝟑 𝑺𝟏𝑷𝟒 𝑺𝟏𝑷𝟓 

𝑆1  

(5, 9) 
21.4 52.2 13.5 40.7 22.9 

 

 

Table S2. Actual values of the source locations and their release fluxes in Case 2. 

Source Location 

(𝑺𝑰, 𝑺𝑱) 

Release fluxes of stress periods (kg/day) 

𝑺𝑷𝟏 𝑺𝑷𝟐 𝑺𝑷𝟑 𝑺𝑷𝟒 𝑺𝑷𝟓 

𝑆1  

(4, 9) 
21.1 52.2 13.1 40.5 21.9 

𝑆2  

(6, 6) 
14.3 5.1 29.6 14.2 39.7 

𝑆3   

(5, 12) 
32.2 25.2 6.8 18.7 23.2 

 

 

 

Table S3. Actual values of the source locations and their release fluxes in Case 3. 

Source Location 

(𝑺𝑰, 𝑺𝑱) 

Release fluxes of stress periods (kg/day) 

𝑺𝑷𝟏 𝑺𝑷𝟐 𝑺𝑷𝟑 𝑺𝑷𝟒 𝑺𝑷𝟓 

𝑆1  

(17, 46) 
72.2 45.1 31.7 20.4 15.7 

𝑆2  

(19, 51) 
21.3 64.9 43.2 35.2 27.6 

𝑆3   

(24, 57) 
13.7 16.9 60.5 35.7 31.8 
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Table S4. Tuned hyperparameters and candidate grids of the four surrogate models. 

Surrogate  Tuned hyperparameters Candidate grid 

KRG 
Kernel 𝑘; Regression 𝑟; 

Length-scale 𝑙; 

 𝑘 ∈ {𝐺𝑎𝑢𝑠𝑠𝑖𝑎𝑛, 𝐶𝑢𝑏𝑖𝑐, 𝐸𝑥𝑝𝑜𝑛𝑒𝑛𝑡𝑖𝑎𝑙}; 

𝑟 ∈ {𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡, 𝐿𝑖𝑛𝑒𝑎𝑟, 𝑄𝑢𝑎𝑑𝑟𝑎𝑡𝑖𝑐}; 

𝑙 ∈ {10−3, 10−2, 10−1, 10−3, 1, 101, 102, 103 }; 

GP 

Kernel 𝑘;  

𝑣 (Matérn only); 

𝛼 (RQ only); 

Length-scale 𝜃  

𝑘 ∈ {𝐺𝑎𝑢𝑠𝑠𝑖𝑎𝑛, 𝑀𝑎𝑡é𝑟𝑛, 𝑅𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑄𝑢𝑎𝑑𝑟𝑎𝑡𝑖𝑐 (𝑅𝑄)}; 

𝜈 ∈  {0.5, 1.5, 2.5}; 

𝜃 ∈ {10−3, 10−2, 10−1, 1, 101, 102, 103}; 

𝛼 ∈ {0.1, 0.3,1,3,10}; 

SVR 
Kernel 𝑘; 𝛾; 𝐶; 

𝑑𝑝𝑜𝑙𝑦(Polynomial only) 

𝑘 ∈ {𝐺𝑎𝑢𝑠𝑠𝑖𝑎𝑛, 𝑃𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙}; 

𝑟 ∈ {10−3, 10−2, 10−1, 10−3, 1, 101, 102, 103 }; 

𝐶 ∈ {10−2, 10−1, 10−3, 1, 101, 102, 103, 104}; 

𝑑𝑝𝑜𝑙𝑦 ∈ {1,2,3,4}; 

RBF 
Kernel 𝑘;  

Shape parameter 𝜖 

𝑘 ∈  {𝐿𝑖𝑛𝑒𝑎𝑟, 𝑇ℎ𝑖𝑛 𝑃𝑙𝑎𝑡𝑒 𝑆𝑝𝑙𝑖𝑛𝑒 (𝑇𝑃𝑆), 𝐶𝑢𝑏𝑖𝑐, 𝑀𝑢𝑙𝑡𝑖𝑞𝑢𝑎𝑑𝑟𝑖𝑐 (𝑀𝑄), 𝐺𝑎𝑢𝑠𝑠𝑖𝑎𝑛}; 

𝜖 ∈ {10−3, 10−2, 10−1, 10−3, 1, 101, 102, 103 }; 

 

 

Table S5. Comparison of identified values under different noise levels for Case 1. The values in 

parentheses denote the relative error (%). 

Parameters Actual value 
Identified values under varying noise levels 

0% 0.5% 1% 2% 

𝐻1 42.7 42.3 (0.9%) 42.9 (0.5%) 43.1 (1.0%) 41.9 (1.9%) 

𝐻2 35.3 35.1 (0.5%) 35.5 (0.6%) 35.7 (1.1%) 34.6 (2.0%) 

𝐾 18.1 18.3 (1.1%) 18.5 (2.2%) 18.7 (3.3%) 18.4 (1.6%) 

𝑆𝐼1 5 5 (0%) 5 (0%) 5 (0%) 5 (0%) 

𝑆𝐽1 9 9 (0%) 9 (0%) 9 (0%) 9 (0%) 

𝑆1𝑃1 21.4 20.7 (3.3%) 21.7 (1.4%) 22.9 (7.0%) 20.3 (5.1%) 

𝑆1𝑃2 52.2 51.7 (1.0%) 52.9 (1.3%) 52.5 (0.6%) 54.7 (4.8%) 

𝑆1𝑃3 13.5 13.1 (3.0%) 12.4 (8.1%) 11.6 (14.1%) 12.1 (10.4%) 

𝑆1𝑃4 40.7 41.6 (2.2%) 41.6 (2.2%) 40.4 (0.7%) 41.7 (2.5%) 

𝑆1𝑃5 22.9 23.8 (3.9%) 21.2 (7.4%) 23.4 (2.2%) 22.3 (2.6%) 
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Table S6. Comparison of identified values under different noise levels for Case 2. The values in 

parentheses denote the relative error (%). 

Parameters Actual value 
Identified values under varying noise levels 

0% 0.5% 1% 2% 

𝐻1 42.7 42.3 (1.2%) 43.4 (1.6%) 43.1 (0.7%) 41.9 (1.9%) 

𝐻2 35.3 35.1 (0.8%) 34.2 (3.1%) 35.7 (1.7%) 34.6 (1.7%) 

𝐾 18.1 18.3 (1.1%) 18.5 (2.2%) 18.7 (3.3%) 18.4 (1.6%) 

𝑆𝐼1 4 4 (0.0%) 4 (0.0%) 4 (0.0%) 4 (0.0%) 

𝑆𝐽1 9 9 (0.0%) 9 (0.0%) 9 (0.0%) 9 (0.0%) 

𝑆1𝑃1 21.1 20.7 (1.90%) 21.5 (1.9%) 22.0 (4.3%) 20.2 (4.3%) 

𝑆1𝑃2 52.2 50.2 (3.83%) 55.1 (5.6%) 53.9 (3.3%) 50.1 (4.0%) 

𝑆1𝑃3 13.1 12.6 (3.81%) 13.7 (4.6%) 12.3 (6.1%) 13.6 (3.8%) 

𝑆1𝑃4 40.5 38.8 (4.20%) 42.9 (5.9%) 38.4 (5.2%) 38.5 (4.9%) 

𝑆1𝑃5 21.9 20.8 (5.0%) 23.8 (8.7%) 22.5 (2.7%) 20.4 (6.9%) 

𝑆𝐼2 6 6 (0.0%) 6 (0.0%) 6 (0.0%) 6 (0.0%) 

𝑆𝐽2 6 6 (0.0%) 6 (0.0%) 6 (0.0%) 6 (0.0%) 

𝑆2𝑃1 14.3 13.8 (3.49%) 14.9 (4.2%) 14.9 (4.2%) 13.6 (4.9%) 

𝑆2𝑃2 5.1 4.5 (11.76%) 5.8 (13.7%) 5.8 (13.7%) 5.7 (11.8%) 

𝑆2𝑃3 29.6 29.0 (2.0%) 28.6 (3.4%) 30.5 (3.0%) 30.5 (3.0%) 

𝑆2𝑃4 14.2 12.7 (10.6%) 12.5 (12.0%) 16.1 (13.4%) 15.7 (10.6%) 

𝑆2𝑃5 39.7 38.5 (3.0%) 40.5 (2.0%) 41.7 (5.0%) 38.4 (3.3%) 

𝑆𝐼3 5 5 (0.0%) 5 (0.0%) 5 (0.0%) 5 (0.0%) 

𝑆𝐽3 12 12 (0.0%) 12 (0.0%) 12 (0.0%) 12 (0.0%) 

𝑆3𝑃1 32.2 30.2 (6.2%) 34.6 (7.5%) 29.8 (7.5%) 35.1 (9.0%) 

𝑆3𝑃2 25.2 24 (4.8%) 24.5 (2.8%) 22.8 (9.5%) 25.8 (2.4%) 

𝑆3𝑃3 6.8 5.8 (14.7%) 7.3 (7.4%) 6.4 (5.9%) 6.2 (8.8%) 

𝑆3𝑃4 18.7 16.9 (9.6%) 17.1 (8.6%) 16.9 (9.6%) 22.1 (18.2%) 

𝑆3𝑃5 23.2 22.8 (1.7%) 22.4 (3.5%) 24.1 (3.9%) 24.5 (5.6%) 
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Table S7. Comparison of identified values under different noise levels for Case 3. The values in 

parentheses denote the relative error (%). 

Parameters Actual value 
Identified values under varying noise levels 

0% 0.5% 1% 2% 

𝐾1 22.9 22.5 (1.7%) 22.3 (2.6%) 23.4 (2.2%) 22.5 (1.7%) 

𝐾2 16.8 17.6 (4.7%) 16.5 (1.8%) 15.7 (6.5%) 17.8 (5.9%) 

𝐾3 12.2 12.6 (3.3%) 13.3 (9.0%) 11.1 (9.4%) 12.7 (4.5%) 

𝐾4 27.8 28.9 (3.9%) 26.4 (5.1%) 28.4 (2.2%) 27.3 (1.7%) 

𝑆𝐼1 17 17 (0.0%) 17 (0.0%) 17 (0.0%) 17 (0.0%) 

𝑆𝐽1 46 46 (0.0%) 46 (0.0%) 46 (0.0%) 46 (0.0%) 

𝑆1𝑃1 72.2 70.4 (2.5%) 73.8 (2.2%) 69.9 (3.2%) 74.2 (2.8%) 

𝑆1𝑃2 45.1 44.1 (2.2%) 46.6 (3.3%) 47.1 (4.4%) 47.9 (6.2%) 

𝑆1𝑃3 31.7 29.4 (7.3%) 28.9 (8.8%) 34.1 (7.6%) 33.8 (6.6%) 

𝑆1𝑃4 20.4 18.8 (7.8%) 22.1 (8.3%) 22.4 (9.8%) 17.8 (12.7%) 

𝑆1𝑃5 15.7 14.0 (10.8%) 17.6 (12.1%) 13.8 (12.1%) 17.3 (10.2%) 

𝑆𝐼2 19 19 (0.0%) 19 (0.0%) 19 (0.0%) 19 (0.0%) 

𝑆𝐽2 51 51 (0.0%) 51 (0.0%) 51 (0.0%) 51 (0.0%) 

𝑆2𝑃1 21.3 19.4 (8.9%) 18.9 (11.3%) 22.7 (6.6%) 23.6 (10.8%) 

𝑆2𝑃2 64.9 61.4 (5.4%) 67.9 (4.6%) 67.9 (4.6%) 62.7 (3.4%) 

𝑆2𝑃3 43.2 40.2 (6.9%) 41.1 (4.8%) 46.2 (6.9%) 46.8 (8.3%) 

𝑆2𝑃4 35.2 33.4 (5.1%) 36.9 (4.8%) 33.2 (5.7%) 33.6 (4.5%) 

𝑆2𝑃5 27.6 25.6 (7.2%) 25.3 (8.3%) 29.6 (7.2%) 25.9 (6.2%) 

𝑆𝐼3 24 24 (0.0%) 24 (0.0%) 24 (0.0%) 24 (0.0%) 

𝑆𝐽3 57 57 (0.0%) 57 (0.0%) 57 (0.0%) 57 (0.0%) 

𝑆3𝑃1 13.7 12.4 (9.5%) 12.5 (8.8%) 14.8 (8.0%) 12.1 (11.7%) 

𝑆3𝑃2 16.9 16.0 (5.3%) 15.8 (6.5%) 18.2 (7.7%) 15.4 (8.9%) 

𝑆3𝑃3 60.5 63.2 (4.5%) 57.8 (4.5%) 63.2 (4.5%) 57.8 (4.5%) 

𝑆3𝑃4 35.7 35.2 (1.4%) 34.5 (3.4%) 33.9 (5.0%) 34.1 (4.1%) 

𝑆3𝑃5 31.8 31.6 (0.6%) 32.2 (1.3%) 30.9 (2.8%) 30.5 (4.6%) 

 


