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Supporting Table S1. Effective porosity in Brazilian aquifers.
Aquifer Effective porosity (n;) Reference

Alter do Chao 0.18 (Aguiar & Mourdo, 2012)

Barreiras (Pirabas e Grajau) 0.10 (Silva et al., 2008)

Beberibe 0.10 (Silva et al., 2008)

Cabecas 0.03 (Correia Filho et al., 2010)

Furnas 0.13 Estimated

I¢a 0.10 (Galvio et al., 2012)

Coastal 0.14 Estimated

Parecis 0.15 (Silva, 2013)

Prosperanca 0.15 Estimated

Salto das Nuvens 0.13 (Peixoto et al., 2012)

Serra Grande 0.03 (Aguiar, 2017)

Trombetas 0.15 Estimated

Urucuia 0.13 (Gaspar & Campos, 2007)




Supporting Table S2. Sensitivity test of the models in Experiment E2. RMSE [cm], MAE
[cm], NSE [-], KGE [-]. Extreme Gradient Boosting (XGB). Light Gradient Boosting
Model (LGBM). CatBoost Model (CtB). Random Forest (RF). Ordinary Least Squares
Model (OLS). Linear Regression (LR). Bayesian Ridge Model (BR). Stochastic Gradient
Descent Model (SGDRegressor). Support-vector Machine (SVM). Multi-Layer Perceptron
(MLP). Long Short-Term Memory (LSTM). The acronyms in parentheses indicate that the
results of the models were used as input to the external model. In red the best values for
the metric.

Calibration
Model NSE RMSE MAE KGE r o B
BR 0.10 4.10 2.71 | -0.02 0.32 0.33 1.36
BR[LGBM, CtB] 0.45 3.23 2.12 | -0.45 0.67 0.69 -0.38
BR[XGB, CtB] 0.57 2.81 1.69 0.29 0.76 0.75 1.62
BR[XGB, LGBM, CtB] 0.61 2.71 1.65 0.38 0.78 0.78 0.46
BR[XGB, LGBM] 0.60 2.77 1.70 0.64 0.77 0.76 0.85
CtB 0.24 3.77 2.39 0.05 0.49 0.47 1.60
CtB[LGBM, CtB] 0.46 3.24 2.10 0.37 0.68 0.65 1.41
CtB[XGB, CtB] 0.56 2.81 1.71 | -7.45 0.75 0.72 9.44
CtB[XGB, LGBM, CtB] 0.58 2.79 1.70 0.63 0.76 0.73 1.04
CtB[XGB, LGBM] 0.59 2.81 1.68 | -5.66 0.77 0.76 -5.65
LGBM 0.24 3.79 2.39 0.09 0.49 0.46 1.53
LGBM[LGBM, CtB] 0.42 3.19 2.03 0.46 0.65 0.59 0.96
LGBM|[XGB, CtB] 0.60 2.80 1.72 | -8.41 0.78 0.70 8.41
LGBM[XGB, LGBM, CtB] 0.58 2.83 1.74 0.43 0.76 0.72 1.43
LGBM[XGB, LGBM] 0.56 2.85 1.75 0.56 0.75 0.73 1.24
LR 0.09 4.12 2.72 | -0.03 0.31 0.34 1.39
LR[LGBM, CtB] 0.44 3.25 2.12 0.32 0.66 0.69 0.50
LR[XGB, CtB] 0.57 2.73 1.63 0.47 0.76 0.77 0.59
LR[XGB, LGBM, CtB] 0.61 2.68 1.63 0.63 0.78 0.79 0.83
LR[XGB, LGBM] 0.44 3.28 2.13 | -0.88 0.67 0.68 2.82
LSTM 0.15 4.06 259 | -0.23 0.41 0.52 0.03
LSTMBidirectional 0.12 4.14 2.66 | -0.31 0.37 0.49 -0.03
MLP 0.10 4.19 2.69 0.06 0.32 0.36 1.13
MLP[LGBM, CtB] 0.49 3.18 2.03 0.04 0.70 0.73 0.13
MLP[XGB, CtB] 0.51 3.13 1.95 | -3.80 0.72 0.72 5.78
MLP[XGB, LGBM, CtB] 0.61 2.70 1.64 0.25 0.78 0.76 0.32
MLP[XGB, LGBM] 0.49 3.21 2.04 | -0.06 0.70 0.77 0.01
OLS 0.09 4.12 2.72 | -0.38 0.31 0.34 1.99
RF 0.19 3.89 2.43 0.26 0.46 0.59 1.28
RF[LGBM, CtB] 0.38 3.43 2.15 0.05 0.62 0.73 0.17
RF[XGB, CtB] 0.44 3.30 1.95 0.49 0.67 0.70 1.33




RF[XGB, LGBM, CtB] 0.41 3.47 2.04 | -0.98 0.65 0.78 -0.94
RF[XGB, LGBM] 0.44 3.19 1.93 0.46 0.68 0.83 0.60
SGDRegressor 0.05 4.23 2.78 | -0.16 0.25 0.38 1.62
SVM 0.11 4.08 2.55 | 433 0.36 0.25 6.24
XGB 0.17 3.94 2.45 0.32 0.45 0.63 1.16
XGB[LGBM, CtB] 0.38 3.44 2.19 0.05 0.61 0.62 0.22
XGB[XGB, CtB] 0.44 3.33 1.97 | -0.06 0.67 0.61 0.07
XGB[XGB, LGBM, CtB] 0.45 3.21 1.99 | -0.75 0.69 0.53 -0.66
XGB[XGB, LGBM] 0.48 3.10 1.89 0.36 0.69 0.74 0.50
Validation

Model NSE | RMSE | MAE | KGE P o B

BR 0.11 4.73 3.14 | -0.08 0.33 0.28 0.54
BR[LGBM, CtB] 0.24 4.36 2.83 0.31 0.50 0.57 0.82
BR[XGB, CtB] 0.17 4.54 2.90 0.23 0.45 0.62 0.61
BR[XGB, LGBM, CtB] 0.17 4.55 2.90 0.15 0.45 0.62 0.48
BR[XGB, LGBM] 0.18 4.53 2.89 0.18 0.45 0.62 0.51
CtB 0.22 4.40 2.80 0.09 0.48 0.40 0.56
CtB[LGBM, CtB] 0.24 4.35 2.82 0.31 0.50 0.56 0.90
CtB[XGB, CtB] 0.20 4.47 2.88 0.21 0.47 0.61 0.57
CtB[XGB, LGBM, CtB] 0.20 4.47 2.89 0.19 0.47 0.62 0.52
CtB[XGB, LGBM] 0.19 4.49 2.89 0.20 0.47 0.62 0.54
LGBM 0.24 4.36 2.78 0.17 0.50 0.40 0.73
LGBM[LGBM, CtB] 0.23 4.37 2.81 0.23 0.48 0.50 0.74
LGBM[XGB, CtB] 0.19 4.50 2.90 0.21 0.46 0.60 0.60
LGBM[XGB, LGBM, CtB] 0.19 4.48 2.88 0.12 0.46 0.59 0.43
LGBM[XGB, LGBM] 0.18 4.52 2.92 0.07 0.45 0.61 0.36
LR 0.10 4.73 3.14 | -0.02 0.33 0.29 0.70
LR[LGBM, CtB] 0.17 4.54 2.90 0.17 0.45 0.62 0.17
LR[XGB, CtB] 0.17 4.54 2.90 0.18 0.45 0.63 0.52
LR[XGB, LGBM, CtB] 0.24 4.35 2.50 0.31 0.50 0.57 0.84
LR[XGB, LGBM] 0.24 4.35 2.83 0.32 0.50 0.57 0.83
LSTM 0.06 4.85 3.16 | -1.58 0.26 0.22 3.34
LSTMBidirectional 0.05 4.88 3.12 | -0.21 0.24 0.13 0.62
MLP 0.06 4.85 323 | -1.85 0.27 0.26 -1.65
MLP[LGBM, CtB] 0.14 491 2.82 0.07 0.49 0.53 0.73
MLP[XGB, CtB] 0.15 4.80 2.87 0.01 0.47 0.52 1.79
MLP[XGB, LGBM, CtB] 0.18 4.71 2.95 0.07 0.35 0.69 0.40
MLP[XGB, LGBM] 0.12 4.47 2.80 0.09 0.50 0.66 1.37
OLS 0.10 4.73 3.14 0.01 0.32 0.29 0.89
RF 0.21 4.45 2.83 0.08 0.46 0.50 0.45
RF[LGBM, CtB] 0.21 443 2.88 0.25 0.48 0.62 0.60




RF[XGB, CtB] 0.17 4.56 295 | 0.15 0.46 0.67 0.42
RF[XGB, LGBM, CtB] 0.16 4.58 295 | 0.15 0.46 0.67 0.43
RF[XGB, LGBM] 0.14 4.64 3.00 | 0.04 0.44 0.68 0.28
SGDRegressor 0.11 4.73 3.14 | -0.08 0.33 0.28 0.54
SVM 0.09 4.76 3.01 | -0.48 0.33 0.22 2.06
XGB 0.21 4.44 282 | 0.14 0.47 0.54 0.51
XGB[LGBM, CtB] 0.21 4.43 2.84 | -0.02 0.47 0.53 0.27
XGB[XGB, LGBM] 0.18 5.10 295 | -0.39 0.43 0.50 -0.17
XGB[XGB, CtB] 0.21 4.45 2.84 | -031 0.46 0.52 -0.10
XGB[XGB, LGBM, CtB] 0.20 4.47 2.85 | -0.65 0.45 0.45 -0.46




Supporting Table S3 - Summary of results for experiments E3 and E4 over Brazilian

aquifers.
. Correlati NSE KGE AGWSsmm
g g on RMSE [cm] MAE [cm]
% g Wells RII\;IAS AGIY,IVSS e | . 5
= GRACE | AGWSs | AGWSc | AGWSs | AGWScL
M sM M sm
w | Calib. -0.30 1.65 3.63 1.43 2.8 072 | 0.54 | 086 | 0.82 | 0.60
E = Valid. -0.52 1.49 - 1.04 - 0.80 | -0.10 | 0.90 | 0.85 | -0.04
g 2 Calib. -0.31 2.35 5.96 1.53 4.56 0.63 | 0.85 | 095 | 092 | 1.12
Valid. -0.13 3.16 - 2.30 - 031 | 039 | 0.66 | 0.65 | 0.62
‘s | .| Calib. -0.39 1.52 6.66 0.89 5.49 0.63 | 0.63 | 079 | 0.85 | 0.74
5 = Valid. -0.36 2.50 - 1.66 - 034 | -148 | 0.68 | 033 | 3.37
£ o | Calib. -0.40 1.91 6.85 1.12 5.38 079 | 054 | 089 | 091 | 0.56
2| % vaid -0.41 1.10 - 1.93 - 0.64 | 024 | 083 | 091 | 1.72
| Calib. -0.56 1.73 9.68 1.20 8.22 0.84 | -1.04 091 | 0.87 | 3.04
5 = Valid. -0.59 1.13 - 0.81 - 090 | -0.52 | -0.15 | 026 | 0.34
E o | Calib. -0.44 2.41 9.12 1.36 6.98 071 | 0.80 | 0.84 | 0.87 | 0.95
= Valid. -0.41 2.97 - 2.36 - 028 | 041 | 0.61 | 0.89 | 0.58
w | Calib. -0.15 0.61 2.81 0.37 2.12 0.78 | 0.78 | 0.88 | 0.86 | 1.19
% = Valid. -0.41 1.59 - 0.95 - 0.12 | 0.62 | 090 | 091 | 0.64
E 2 Calib. -0.17 0.64 3.25 0.36 2.44 0.74 | 0.84 | 087 | 092 | 1.06
Valid. -0.10 1.43 - 1.01 - 031 | 011 | 035 | 0.73 | 0.72
w | Calib. -0.22 0.21 5.54 0.12 4.43 092 | 0.82 | 083 | 1.01 | 1.05
§ = Valid. -0.46 0.88 - 0.59 - 032 | -575| 036 | 1.08 | -5.08
8 + Calib. -0.04 0.41 5.54 0.34 427 0.81 | 0.86 & 090 | 091 | 0.95
Valid. 0.29 0.16 - 0.12 - 091 | 0.89 | 095 | 0.94 | 091
8
5 Calib. -0.02 3.11 9.75 2.36 7.6 0.82 | 035 | 091 | 095 | 036
S| &
5
= Valid. 0.18 3 - 1.82 - 0.87 | 057 | 020 | 0.10 | 0.23
B Calib. -0.20 0.27 2.16 0.16 1.52 092 | 086 096 | 099 | 1.12
; B Valid. -0.30 2.12 - 1.71 - 0.11 | -0.11 | 0.16 | 0.56 | 0.76
w | < | Calib. -0.04 1.11 4.24 0.68 3.13 091 | -0.15 088 | 0.78 | -0.17
=5 Valid. -0.01 4.93 - 3.73 - 094 | 054 | 098 | 097 | 145




