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Table S1: List of all wells included in the dataset. ID refers to the respective data web

service.
Dataset_ID ID Name Coord.Sys. Country
BW_1-115-8 1/115-8 1115 SCHUTTERWALD 416098| 5369591|ETRS_1989_UTM_Zone_32N Germany
BW_103-261-4 103/261-4 MALSCH 452062| 5415349|ETRS_1989_UTM_Zone_32N Germany
BW_104-114-5 104/114-5 1807 RENCHEN 1 425124| 5383055|ETRS_1989_UTM_Zone_32N Germany
BW_104-307-0 104/307-0 GWM SK 22 - 3021A, Reilingen 468049| 5458156|ETRS_1989_UTM_Zone_32N Germany
BW_138-019-0 138/019-0 FLB 5 Breisach-Hochstetten 396354 5319363|ETRS_1989_UTM_Zone_32N Germany
BW_157-260-8 157/260-8 1555 BRUCHHAUSEN 453043| 5418954|ETRS_1989_UTM_Zone_32N Germany
BW_1851-305-1 |1851/305-1 GWM 1 TIEF, DOSSENHEIM 473896| 5477008(ETRS_1989_UTM_Zone_32N Germany
BW_710-256-3 710/256-3 ALTLUSSHEIM M 463216| 5461626|ETRS_1989_UTM_Zone_32N Germany
BW_765-306-3 765/306-3 KETSCH SCHLEIWIESE T 463711| 5467331|ETRS_1989_UTM_Zone_32N Germany
BW_781-304-2 781/304-2 GWM Tief, Heddesheim 473915| 5486080|ETRS_1989_UTM_Zone_32N Germany
HE_11874 11874 RUESSELSHEIM 462420| 5537724|ETRS_1989_UTM_Zone_32N Germany
HE_12905 12905 GROSS-ROHRHEIM 461300 5508386|ETRS_1989_UTM_Zone_32N Germany
HE_12946 12946 FEHLHEIM 468827| 5505887|ETRS_1989_UTM_Zone_32N  |Germany
HE_13490 13490 HOFHEIM 458537| 5500283 |ETRS_1989_UTM_Zone_32N Germany
HE_13518 13518 LAMPERTHEIM 468337| 5494261|ETRS_1989_UTM_Zone_32N Germany
RP_2375118200 |2375118200 (1174 Il Neupotz 451064| 5439203|(ETRS_1989_UTM_Zone_32N Germany
RP_2375283300 |2375283300 [1273 Ill Leimersheim 452633| 5439833|ETRS_1989_UTM_Zone_32N Germany




Table S2: Results of bayesian hyperparameter optimization (NARX models).

NARX Inputs Model Parameters
H T Tsin |Hidden size ID P IDrH IDT ID Tsin ID GWL,, FD

BW_1-115-8 0 1 1 1 52 - 3 29 - 47
BW_103-261-4 1 1 0 18 12 3 52 - - 39
BW_104-114-5 0 1 1 14 8 - 50 4 - 36
BW_104-307-0 0 1 1 20 50 - 52 51 - 1
BW_138-019-0 0 0 1 19 24 - - 50 - 50
BW_157-260-8 1 1 0 14 21 52 52 - - 23
BW_1851-305-1 1 1 1 10 40 12 34 13 - 34

'S [BW_710-256-3 0 0 1 18 12 - - 46 - 9
S |BW_765-306-3 1 0 1 17 18 51 - 46 - 33
& [BW_781-304-2 1 1 0 10 41 40 52 - - 38
HE_11874 0 0 1 18 37 - - 49 - 47
HE_12905 1 0 1 9 5 2 - 17 - 4
HE_12946 1 0 0 7 44 47 - - - 45
HE_13490 1 0 0 17 48 48 - - - 21
HE_13518 1 0 0 20 52 32 - - - 10
RP_2375118200 1 1 1 12 42 47 35 1 - 26
RP_2375283300 1 1 1 8 11 21 47 25 - 4
BW_1-115-8 0 1 0 1 13 - 19 - 44 8
BW_103-261-4 1 0 0 1 17 19 - - 50 8
BW_104-114-5 1 0 1 1 3 44 - 30 13 2
BW_104-307-0 0 0 1 3 28 - - 1 14 10
BW_138-019-0 0 1 1 4 2 - 5 48 8 3

- |BW_157-260-8 0 1 1 1 19 - 18 7 3 1
< [BW_1851-305-1 0 1 0 1 12 26 - 5 14
% BW_710-256-3 0 0 1 2 3 - - 35 5 3
= [BW_765-306-3 0 0 0 3 2 - - - 45 2
K [BW_781-304-2 1 1 0 3 6 8 10 - 28 4
g; HE_11874 0 1 1 4 4 - 13 32 51 1
HE_12905 1 1 0 1 18 7 21 - 30 1
HE_12946 1 0 0 1 2 16 - - 3 12
HE_13490 0 1 1 8 3 - 6 44 28 1
HE_13518 1 1 1 1 4 22 10 14 1 9
RP_2375118200 0 1 1 7 7 28 38 7 8
RP_2375283300 0 0 1 2 3 - - 35 5 3
BW_1-115-8 0 1 0 1 2 - 9 - - 8
BW_103-261-4 0 1 1 17 1 - 1 4 - 3
BW_104-114-5 0 1 1 1 4 - 8 8 - 4
BW_104-307-0 1 0 0 17 1 1" - - - 5
BW_138-019-0 0 0 0 1 8 - - - - 2
BW_157-260-8 1 1 0 20 10 2 1 - - 3
BW_1851-305-1 0 0 0 10 11 - - - - 7

;; BW_710-256-3 1 0 0 20 12 4 - - - 1
. [BW_765-306-3 0 0 1 20 4 - - 7 - 3
% |BW_781-304-2 1 0 0 17 11 1 - - - 5
HE_11874 1 1 1 8 10 8 12 5 - 12
HE_12905 1 1 0 12 6 6 1 - - 8
HE_12946 1 0 0 20 12 7 - - - 5
HE_13490 1 1 0 3 4 4 1 - - 3
HE_13518 1 1 0 18 10 7 12 - - 12
RP_2375118200 1 1 1 2 10 11 4 12 - 12
RP_2375283300 1 0 0 4 8 4 - - - 3
BW_1-115-8 0 1 1 1 3 - 12 1 1 8
BW_103-261-4 1 0 1 7 6 11 - 3 8 2
BW_104-114-5 1 1 1 2 6 2 12 3 1 6
BW_104-307-0 0 1 0 19 12 - 1 - 12 2
BW_138-019-0 1 0 0 8 9 2 - - 2 6

< [BW_157-260-8 1 1 1 2 2 3 1 4 1 1
§T BW_1851-305-1 1 1 0 17 10 10 5 - 2 6
o |BW_710-256-3 0 1 1 1 3 - 6 12 3 1
g |BW_765-306-3 0 1 1 5 3 - 3 7 5 9
& |BW_781-304-2 1 0 0 20 9 3 - - 1 7
S |HE_11874 1 1 1 20 3 10 1 8 10 8
@ HE_12905 0 1 1 4 8 - 9 7 8 9
HE_12946 0 0 0 17 1 - - - 1 12
HE_13490 1 0 1 6 2 2 - 12 6 9
HE_13518 0 1 1 1 12 - 1 7 10 12
RP_2375118200 0 1 0 2 7 - 11 - 10 2
RP_2375283300 1 0 0 1 12 6 - - 2 1




Table S3: Results of bayesian hyperparameter optimization (LSTM models).

LSTM Inputs Model Parameters
rH T Tsin |Hidden size Seq. Length Batch size

BW_1-115-8 1 0 1 65 40 21
BW_103-261-4 1 0 1 164 23 84
BW_104-114-5 0 1 0 144 35 135
BW_104-307-0 1 0 1 65 40 21
BW_138-019-0 1 0 0 228 19 191
BW_157-260-8 1 0 1 65 40 21
BW_1851-305-1 1 1 1 218 32 189

'_g BW_710-256-3 1 0 0 82 20 16
S (BW_765-306-3 1 0 1 95 10 25
& |BW_781-304-2 1 1 0 60 1 180
HE_11874 1 1 1 201 45 48
HE_12905 0 0 1 113 38 40
HE_12946 1 0 1 65 40 21
HE_13490 1 0 0 79 51 36
HE_13518 1 1 0 229 49 43
RP_2375118200 1 0 1 65 40 21
RP_2375283300 1 0 1 117 12 41
BW_1-115-8 0 0 1 78 10 16
BW_103-261-4 1 1 1 240 2 32
BW_104-114-5 1 1 1 79 14 17
BW_104-307-0 1 1 0 116 35 18
BW_138-019-0 0 1 1 76 2 19

- |BW_157-260-8 1 1 1 136 1 16
o |BW_1851-305-1 0 1 1 124 49 17
g BW_710-256-3 0 0 1 78 10 16
= |BW_765-306-3 0 0 1 81 23 16
& |BW_781-304-2 0 0 0 175 1 18
E; HE_11874 1 0 1 183 1 16
HE_12905 0 0 1 7 2 17
HE_12946 0 1 1 196 1 33
HE_13490 1 0 0 171 1 27
HE_13518 1 1 0 39 50 16
RP_2375118200 1 0 1 24 50 16
RP_2375283300 0 1 0 255 2 16
BW_1-115-8 0 0 1 78 10 16
BW_103-261-4 0 0 1 115 15 40
BW_104-114-5 1 0 1 65 40 21
BW_104-307-0 1 1 0 229 49 43
BW_138-019-0 0 1 1 108 1 16
BW_157-260-8 0 1 0 206 48 49
BW_1851-305-1 0 1 1 121 51 19

E’- BW_710-256-3 1 1 0 111 19 29
N |BW_765-306-3 1 0 1 108 36 39
$ |BW_781-304-2 0 0 0 148 1 178
HE_11874 1 1 0 229 49 43
HE_12905 0 0 1 78 10 16
HE_12946 0 0 1 244 2 51
HE_13490 1 0 1 62 39 18
HE_13518 1 0 1 65 40 21
RP_2375118200 0 0 1 106 31 40
RP_2375283300 1 0 1 65 1 31
BW_1-115-8 0 0 0 108 51 25
BW_103-261-4 0 1 1 175 38 16
BW_104-114-5 1 1 0 224 50 16
BW_104-307-0 1 0 1 245 2 30
BW_138-019-0 0 0 1 209 5 17

< |BW_157-260-8 0 0 1 255 49 20
;" BW_1851-305-1 0 0 1 78 10 16
©® |BW_710-256-3 0 1 1 246 26 57
g |BW_765-306-3 0 0 1 229 50 45
& |BW_781-304-2 0 0 0 112 5 22
g |HE_11874 1 1 1 198 1 16
? |HE_12905 1 0 1 223 2 16
HE_12946 1 1 0 233 8 28
HE_13490 0 0 0 158 47 16
HE_13518 0 0 1 81 23 16
RP_2375118200 1 1 0 72 2 16
RP_2375283300 1 1 1 221 5 173




Table S4: Results of bayesian hyperparameter optimization (CNN models).

CNN Inputs Model Parameters
rtH T Tsin |No. of filters Dense size  Seq. Length Batch size

BW_1-115-8 0 0 1 107 109 36 39
BW_103-261-4 1 1 0 48 205 30 71
BW_104-114-5 0 0 1 53 175 35 116
BW_104-307-0 1 0 0 55 184 46 75
BW_138-019-0 0 0 1 200 55 36 51
BW_157-260-8 1 0 1 212 62 31 19
BW_1851-305-1 0 0 1 80 156 44 26

§ BW_710-256-3 0 0 1 46 82 21 17
S [BW_765-306-3 1 0 1 200 250 19 20
$ |BW_781-304-2 1 0 0 220 63 43 22
HE_11874 1 0 0 159 107 48 58
HE_12905 0 0 1 205 51 36 49
HE_12946 1 0 0 226 41 49 108
HE_13490 1 1 0 27 5 50 21
HE_13518 1 0 0 183 69 43 22
RP_2375118200 0 0 1 205 51 36 49
RP_2375283300 1 0 1 30 79 14 17
BW_1-115-8 0 0 1 95 3 1 42
BW_103-261-4 1 0 1 227 232 1 33
BW_104-114-5 0 1 1 115 243 13 43
BW_104-307-0 0 0 1 155 152 1 25
BW_138-019-0 0 0 0 74 173 1 21

- |BW_157-260-8 0 1 0 248 125 4 16
iy BW_1851-305-1 0 0 1 243 177 1 19
g BW_710-256-3 0 0 1 123 197 26 16
= |BW_765-306-3 0 0 1 38 78 18 16
K |BW_781-304-2 0 1 0 88 111 1 17
§ HE_11874 1 1 0 172 201 7 16
HE_12905 0 1 0 198 94 2 20
HE_12946 0 0 0 165 206 2 26
HE_13490 0 0 1 237 170 2 18
HE_13518 1 1 1 72 31 1 37
RP_2375118200 0 0 1 100 150 5 30
RP_2375283300 1 1 0 172 242 2 20
BW_1-115-8 1 1 0 248 127 29 178
BW_103-261-4 0 0 1 205 51 36 49
BW_104-114-5 0 1 1 194 153 30 154
BW_104-307-0 1 1 1 78 123 34 23
BW_138-019-0 0 0 0 34 161 1 29
BW_157-260-8 0 0 1 205 51 36 49
BW_1851-305-1 0 1 0 212 51 34 61

g; BW_710-256-3 1 1 1 78 123 34 23
P BW_765-306-3 0 1 0 80 192 38 90
$ [BW_781-304-2 1 0 0 52 2 50 94
HE_11874 1 1 1 78 123 34 23
HE_12905 0 0 1 38 78 18 16
HE_12946 1 1 1 78 123 34 23
HE_13490 1 1 1 78 123 34 23
HE_13518 1 0 0 159 107 48 58
RP_2375118200 1 0 1 238 105 19 34
RP_2375283300 1 1 1 246 139 2 170
BW_1-115-8 1 0 1 242 133 10 155
BW_103-261-4 0 1 1 118 255 30 49
BW_104-114-5 0 0 1 112 245 19 44
BW_104-307-0 0 1 1 236 100 18 20
BW_138-019-0 0 0 0 45 142 9 20

< |BW_157-260-8 0 1 0 212 62 34 77
gf BW_1851-305-1 0o 0 o0 54 174 3 20
©® [BW_710-256-3 1 1 1 244 106 17 31
g BW_765-306-3 0 0 1 114 242 18 47
& [BW_781-304-2 0 0 1 254 87 47 20
$ [HE_11874 1 1 0 255 181 6 19
@ HE_12905 1 1 0 56 86 21 28
HE_12946 0 0 1 62 213 21 18
HE_13490 0 1 1 243 118 21 33
HE_13518 1 0 1 243 103 9 25
RP_2375118200 1 1 0 137 227 2 34
RP_2375283300 1 1 1 51 149 2 26




Table S5: Forecasting results of all sequence-to-value models.

Seq2Val Seqg2Val (GWL,,)
D NSE R2 RMSE__ rRMSE _ Bias _rBias PIl NSER2 RMSE _rRMSE _ Bias _rBias Pl
BW_1-115-8 0.68 0.83 017 1185 -0.13 -8.86 -855| 086 085 0.11 7.89 004 -282 -3.23
BW_103-261-4 0.67 0.77 0.21 845 013  -524 542 093 0091 0.10 3.89 000 -015 -0.36
BW_104-114-5 0.84 0.87 0.17 580 -008 -2.58 033 089 089 0.14 487 001 -019 0.06
BW_104-307-0 068 071 0.25 13.88 -0.23 -1255  -85.04| 0.96 0.96 0.04 208 000 -017 -0.92
BW_138-019-0 0.06 0.13 0.11 546 005  -2.58 081 041 031 0.08 433 001 -045 -0.14
BW_157-260-8 0.78  0.90 0.13 811 011 645 -5.86| 096 0.95 0.06 343 000 -008 -0.23
BW_1851-305-1 075 0.71 0.15 840 005 261 334 090 o084 0.09 529 002 103 -0.72
= |sw_710256:3 042 062 0.31 9.41 017  -536 465 084 084 0.16 491 001 -034 -054
‘z‘ BW_765-306-3 0.30 0.40 053 1358 -024  -6.12 227 067 066 0.37 932 006 -1.60 -0.54
BW_781-304-2 0.90 0.60 0.18 712 010 -421  -26.70| 0.99 0.96 0.04 181 000 -0.06 -0.80
HE_11874 035 0.75 024 1342 -017 938  -55.95| 0.99 0.9 0.03 145 -001 -040 033
HE_12905 0.26 0.67 040 1186 -031 928  -14.92| 092 0.90 0.14 401 -003 -087 -0.82
HE_12946 0.86 0.18 0.25 867 008 288  -42.39| 1.00 093 0.04 152 000 -0.08 -0.33
HE_13490 0.56 0.75 024 1189 -022 -1047  -28.53| 0.98 0.96 0.05 243 001 -026 ~-0.23
HE_13518 0.76  0.87 0.20 9.05 -019 -838  -53.81| 099 098 0.03 147 000 009 -0.46
RP_2375118200 0.55 0.78 0.17 1445 -0.15 -12.17  -14.48| 095 0.93 0.06 464 002 -157 -0.59
RP_2375283300 0.68 _ 0.66 0.20 933 011  -512 -177| 081 074 0.16 7.27 006 -2.56  -0.68
D NSE  R2 RMSE__ rRMSE _ Bias __rBias PIl NSE R2 RMSE _rRMSE _ Bias _rBias Pl
BW_1-115-8 0.76 0.83 0.15 1036 -0.10 -6.63 6.24| 087 086 0.11 7.63 -004 -248 -2.93
BW_103-261-4 0.61 0.72 0.23 921 015  -6.07 6.66| 091 0.89 0.11 432 001 -044 -0.69
BW_104-114-5 0.61 0.71 0.26 9.02 -014  -4.90 224 088 088 0.15 496 -001 -035 0.02
BW_104-307-0 0.49  0.50 0.14 758 003 -1.39  -24.89| 095 095 0.04 234 001 -061 -1.48
BW_138-019-0 -0.01 0.00 0.11 565 -004 -2.24 095 037 029 0.09 447 002 -078 -0.22
BW_157-260-8 0.81 0.84 0.12 739 004 236 468 096 095 0.06 3.54 000 008 -0.30
BW_1851-305-1 013 015 0.32 17.93 024 1356  -18.79| 0.90 0.83 0.09 529 001 061 -0.72
E BW_710-256-3 0.48 0.57 0.29 894 -012  -3.67 400 078 079 0.19 575 -004 -128 -1.07
V) |BW_765-306-3 041 042 0.49 1256 -0.15  -3.74 -1.78| 067 066 0.37 9.44 008 -216 -0.57
BW_781-304-2 0.11  0.00 053 2124 -0.48 -19.48 -245.79| 0.99 0.95 0.05 189 000 -0.06 -0.95
HE_11874 0.45  0.49 0.22 1231 005 262  -47.10] 098 0.98 0.04 209 000 -0.16 -0.39
HE_12905 020 0.62 0.41 1227 -032 954  -15.66| 0.88 0.86 0.16 476 003 -075 -151
HE_12946 0.46 0.52 0.49 17.02  -0.44 -1506 -166.68| 0.99 0.91 0.05 167 000 005 -0.62
HE_13490 033 062 0.42 2058 -0.40 -1935  -87.98| 0.98 0.94 0.06 268 001 027 -051
HE_13518 033 036 034 1499 -029 -12.74 -144.04| 0.99 0.96 0.04 183 000 -0.11 -1.16
RP_2375118200 0.63 0.75 016 1311 -0.12 -10.11  -11.33| 094 091 0.07 547 003 -240 -1.14
RP_2375283300 0.41  0.56 028 1282 -020  -9.27 -4.15| 077 068 0.17 8.00 -005 -249 -1.00
D NSE R2 RMSE _ rRMSE _ Bias _rBias PIl NSE R2 RMSE _rRMSE _ Bias _rBias ]
BW_1-115-8 0.61 0.75 0.19 1305 -0.13 -883  -1048| 0.89 0.89 0.10 7.00 003 -235 -230
BW_103-261-4 0.65 0.72 0.22 872 012 -473 588 092 089 0.11 425 000 -019 -0.63
BW_104-114-5 072 0.75 0.22 762 007 243 -132| 089 089 0.14 475 001 -034 0.10
BW_104-307-0 0.61 0.69 0.12 6.67 006  3.14  -19.07| 095 095 0.04 228 001 -028 -134
BW_138-019-0 010 0.03 0.11 588 -006 -2.96 -111| 036 027 0.09 451 001 038 -024
BW_157-260-8 0.83 0.84 0.11 7.00 002 140 -4.10| 096 095 0.05 336 000 -004 -0.18
BW_1851-305-1 017 027 028 1538 019 1087  -13.55| 0.90 0.84 0.09 530 002 133 -0.73
2 |BW_710-256-3 0.51 0.65 0.28 861 -011 -3.23 364| 079 079 0.18 567 -003 -090 -1.01
g BW_765-306-3 0.47  0.46 046 1185 -0.10 -2.44 -147| 070 0.69 0.35 898 -007 -172 -0.42
BW_781-304-2 030 0.62 047 1884 -0.44 -17.92 -193.19| 0.99 0.95 0.05 199 001 022 -117
HE_11874 0.59 0.63 0.19 1066 006 329  -35.09| 0.99 0.9 0.03 175 -001 -0.31 0.03
HE_12905 0.06 0.49 0.45 1333 -033 978  -18.65) 0.92 0.90 0.13 396 -003 -078 -0.73
HE_12946 0.26 0.43 058  19.97 -0.56 -19.18 -229.89| 0.99 0.90 0.05 176 000 -0.04 -0.79
HE_13490 0.82 071 0.16 7.55 009 -459  -10.99| 0098 095 0.05 2,58 000 -001 -0.40
HE_13518 0.75 0.62 0.20 9.05 -016 -6.89  -51.88| 0.99 0.96 0.04 197 001 039 -149
RP_2375118200 012 079 024 2023 -022 -1858  -28.33| 0.95 0.93 0.06 475 002 -192 -0.62
RP_2375283300 0.49  0.59 026 1192 -0.18  -8.24 -3.46| 080 074 0.16 737 006 -2.63 -0.70




Table S6: Forecasting results of all sequence-to-sequence models.

Seq2Seq Seq2Seq (GWLt-1)
D NSE _R2 RMSE__ rRMSE _ Bias __rBias PIl NSE__R2 RMSE _rRMSE _ Bias _rBias Pl
BW_1-115-8 0.68 043 0.18 12.38 -0.09  -5.98 0.09| 059 042 0.20 13.74 -013 -9.17 -0.26
BW_103-261-4 075 051 0.14 541 -0.08  -3.38 038 084 063 0.09 3.64 -0.03 -1.00 063
BW_104-114-5 059 0.28 0.24 803 -0.05  -156 038 060 036 0.24 814 -003 -111 027
BW_104-307-0 074 031 0.07 413 0.00 0.00 0.02| 090 055 0.05 275 001 031 061
BW_138-019-0 -0.06 0.08 0.09 479 -0.05  -2.40 010/ 031 0.10 0.08 406 -0.03 -148 028
BW_157-260-8 0.88 055 0.08 463 -001  -0.46 052 072 048 0.12 707 001 064 020
BW_1851-305-1 073 030 0.10 551  0.06 3.12 0.06| 077 033 0.09 516 007 3.75 -0.09
= |sw_710-256-3 0.76  0.62 0.12 3.76  -0.03  -0.89 0.81| -0.15 0.6 0.31 936 -0.06 -1.82 0.3
§ BW_765-306-3 -0.07 0.16 0.52 13.17  -021  -5.47 0.05| -031 021 0.55 1412 -0.16 -417 -0.03
BW_781-304-2 0.89 0.3 0.14 562 -0.10  -4.12 -1.15| 0.96 0.34 0.10 3.86 001 028 004
HE_11874 090 072 0.07 3.89 -0.02  -097 0.78| 093 086 0.06 3.61 000 -022 083
HE_12905 032 032 0.25 740 -001  -0.28 0.11| 005 050 0.33 9.75 -0.04 -115 -0.33
HE_12946 0.89 0.0 0.17 592 -0.14  -475 -5.97| 098 022 0.08 271 004 124 -092
HE_13490 0.84 037 0.08 3.90 -0.03  -1.67 0.48| 087 038 0.10 487 000 006 033
HE_13518 0.88 0.42 0.08 3.60 -0.04  -1.85 019| 077 o041 0.14 6.02 -0.01 -023 -1.14
RP_2375118200 0.46 035 0.14 1135 -0.07  -5.37 0.02| 081 046 0.08 6.90 -0.03 -268 0.60
RP_2375283300 030  0.19 0.23 1047 -0.17  -7.68 -036] 018 0.19 0.25 1148 -0.18 -828 -0.38
D NSE _R2 RMSE _ rRMSE _ Bias __rBias PIl NSER2 RMSE _rRMSE _ Bias rBias Pl
BW_1-115-8 024 070 0.22 1528 -0.17 -11.65 049 057 066 0.18 1234 -0.08 -530 0.05
BW_103-261-4 0.46 0.62 0.22 873 -015  -592 0.69| 074 065 0.14 546 -0.04 -157 026
BW_104-114-5 051 046 0.25 860 -0.01  -0.48 034 056 037 0.27 926 002 08 032
BW_104-307-0 0.78 0.68 0.09 479 005 2.51 058 0.86 0.75 0.07 3.69 001 038 035
BW_138-019-0 0.00 037 0.09 466 -0.04  -2.05 0.10/ 0.00 040 0.09 455 -002 -095 007
BW_157-260-8 038 0.60 0.18 10.82 -0.13  -8.04 -1.19| 072 067 0.10 6.44 000 028 028
BW_1851-305-1 -0.06 0.41 0.28 1557 025  13.79 -4.12| 061 047 0.13 713 007 367 -0.42
E BW_710-256-3 -0.12 051 0.28 864 001 0.27 001 -027 047 0.30 931 -005 -1.62 0.2
0 [BW_765-306-3 012 034 0.56 1433 -015  -3.84 0.04| -0.03 030 0.58 14.84 -0.17 -437 001
BW_781-304-2 029 001 0.44 17.70  -0.43 -17.37  -1522| 095 061 0.09 3.66 001 032 -027
HE_11874 0.80 0.92 0.14 754 -001  -0.41 0.36| 085 092 0.09 494 -001 -057 073
HE_12905 001 049 0.34 10.14 -025  -7.35 043| 015 055 0.26 773 019 -577 -0.17
HE_12946 047 032 0.81 27.99 -0.81 -27.89 -113.32| 099 037 0.05 1.80 001 041  0.09
HE_13490 008 043 0.30 1472 -030 -14.47 -439| 075 037 0.17 803 -001 -035 -0.28
HE_13518 0.40 0.63 0.32 1420 -032 -13.96 -5.50| 0.96 0.74 0.06 2.87 -0.02 -0.71 049
RP_2375118200 012 062 0.21 1773 -020 -16.81 -1.49| 0.60 0.68 0.13 10.94 -0.05 -454 0.5
RP_2375283300 0.07 038 0.29 1337 -0.24  -11.02 0.92| 022 022 0.25 1152 -0.21 -9.65 -0.64
D NSE _R2 _RMSE__ rRMSE __ Bias __rBias PIl NSE__R2 RMSE _rRMSE _ Bias _rBias Pl
BW_1-115-8 0.49 0.60 0.22 1525 -0.16 -10.96 041 045 054 0.18 12.67 -011 -7.36 -0.31
BW_103-261-4 0.54 065 0.21 829 -0.13 526 -0.69] 071 063 0.13 520 -0.02 -0.80 0.8
BW_104-114-5 057 043 0.30 1034 -0.04  -124 0.09| 055 047 0.24 836 001 047 030
BW_104-307-0 0.49 059 0.12 6.67  0.09 4.93 091| 083 066 0.07 3.64 -0.02 -0.89 0.16
BW_138-019-0 0.00 026 0.09 465 -004  -217 0.13| 004 023 0.09 462 -003 -156 0.08
BW_157-260-8 0.45 065 0.17 1042 -0.08  -4.83 091| 062 066 0.13 803 000 001 -0.09
BW_1851-305-1 018 0.48 0.28 1574 025  14.15 398 057 052 0.13 7.03 009 477 -0.67
2 |BW_710-256-3 0.07 041 0.30 9.09 001 0.17 0.16| 0.00 045 0.29 9.01 001 030 022
] BW_765-306-3 -0.28 0.32 0.56 1441 -026  -6.64 -0.03| -0.16 0.35 0.55 13.99 -0.17 -428 0.05
BW_781-304-2 023 0.06 0.45 1833 -0.44 -17.94 -17.34| 096 036 0.10 3.95 -0.02 -0.87 -0.70
HE_11874 0.66 0.90 0.16 9.07 001 0.50 0.18| 087 095 0.08 440 000 003 079
HE_12905 042  0.46 0.34 9.99 -028  -845 -0.68) 036 049 0.27 7.97 -0.03 -0.83 -0.02
HE_12946 0.46  0.09 0.50 17.33 -050 -17.26  -66.68| 098 0.30 0.09 294 -0.02 -0.75 -0.85
HE_13490 062 037 0.19 922 -016  -7.58 -1.64| 0.83 057 0.14 6.63 000 -0.11 020
HE_13518 0.43 054 0.28 1217 -027 -11.96 -3.08) 093 075 0.07 330 003 116 038
RP_2375118200 022 050 0.19 15.55 -0.18 -14.46 0.67| 061 063 0.14 11.18 -0.05 -3.86 0.18
RP_2375283300 0.14 027 0.30 13.60  -0.24  -11.03 088 042 018 0.22 10.19  -0.13  -593 -0.24
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Figure S1: Seq2Val test results for well BW_1-115-8
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Figure S2: Seq2Val test results for well BW_103-261-4
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Figure S3: Seq2Val test results for well BW_104-114-5
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Figure S4: Seq2Val test results for well BW_104-307-0
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Figure S5: Seq2Val test results for well BW_138-019-0
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Figure S6: Seq2Val test results for well BW_157-260-8
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Figure S7: Seq2Val test results for well BW_710-256-3
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Figure S8: Seq2Val test results for well BW_765-306-3
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Figure S9: Seq2Val test results for well BW_781-304-2
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Figure S10: Seq2Val test results for well BW_1851-305-1
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Figure S11: Seq2Val test results for well HE_11874
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Figure S12: Seq2Val test results for well HE_12905
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Figure S13: Seq2Val test results for well HE_12946

22




CNN: HE_13490
T

88~ I =
served NSE [] 082
87.8 imulated median R[] 071
RMSE [m] 016
87.6 | | RvsE 755
Bias [m] 0.09
87.4 Bias [%] 459
= PI(] 1099
© 872
E P Yes
o e7 H Yes
H T Yes
86.8 Tsin No
86.6 | | No.of Filters 27
Hidden Size 5
86.4 — 7] | Seq. Length 50
BatchSize 21
86.2 - 4
! ! I ! L I !
2012-01 2012:07 2013-01 2013-07 2014-01 2014-07 2015-01 2015-07 2016-01
Date
LSTM: HE_13490
88~ T =
observed NSE [] 0.33
87.8 1~ imulated median | | e[ 062
RMSE [m] 042
876 1 | rRMSE [%] 2058
Bias [m] 0.40
- rBias [%] 1935
7 PIl] -87.98
E- P Yes
= H Yes
o T No
Tsin No
Hidden Size 79
Seq.Length 51
Batch Size 36
8.2 I I L I L I L |
201201 201207 2013-01 2013-07 2014-01 2014-07 2015-01 2015-07 2016-01
Date
NARX: HE_13490
88— T NSE[] 0.56
observed R[] 075
87.8 imulated median RMSE [m] 0.24
RMSE (%] 11.89
876 — | Bias [m] -0.22
Bias (%) 1047
87.4 PI[] -28.53
7
& 872 P Yes
E H Yes
o 87 T No
% Tsin No
86.8 [~
0P 48
86.6 ~ |oH 48
DT
86.4 ~| | D Tsin
FD 21
86.2 | | | | | | | | | Hidden size 17
2012-01 2012-07 2013-01 2013-07 2014-01 2014-07 2015-01 2015-07 2016-01

Date

Figure S14: Seq2Val test results for well HE_13490
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Figure S15: Seq2Val test results for well HE_13518
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Figure S16: Seq2Val test results for well RP_2375118200
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Figure S17: Seq2Val test results for well RP_2375283300
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Figure S18: Seq2Val GWL;_; test results for well BW_1-115-8

27



GWL [m asl]

GWL [m asl]

CNN: BW_103-261-4
T

mr observed NSE (] 082
simulated median | | | 11 089
1168~ RMSE[m] 0.1
RMSE %] 4.25
116.6 - | | Bias m) 0.00
Bias[%] 0.1
116.4 [~ dlmn i
ey - [P Yes
H Yes
116 T No
Tsin Yes
158~ - |ewLet Yes
115.6 No. of Fillers 227
Hidden Size 232
154 Seq.Length 1
I | | ) BatchSize 33
2012:01 2012:07 2013.01 2013-07 2014-01 2014-07 201501 2015-07 2016-01
Date
LSTM: BW_103-261-4
T
17— observed
1168~ ulated median
1166 4
116.4 [~ 4

162~ e Yes
™ Yes
116 T Yes
Tsin Yes
158 GWLet Yes
156 - Hidden Size 240
Seq Length 2
15.4 - BachSize 32
I I L I L I L
2012:01 2012:07 2013-01 2013-07 2014-01 2014-07 201501 2015-07 201601
Date
NARX: BW_103-261-4 NSE[] 093
e T R[] 091
RMSEm 0.0
1esl RMSE [%] 389
Bias [m] 000
Fige || miast% 015
PI[] 0.36
116.4 4
C 3 Yes
162 A Yes
2 T No
| || 1sin No
116 GWLK1 Yes
158 Tloe .
156 - | o 19
= DT
L = | D Tsin
15.4 -

2012-01

Figure S19:

1 1 1

1 L 1 1

FD
Hidden Size

2012-07 2013-01 2013-07 2014-01 2014-07 2015-01 2015-07

Date

28

2016-01

Seq2Val GWL;_; test results for well BW_103-261-4




CNN: BW_104-114-5
T

observed :fE n ggg
138.5 - simusated median | | RAL 08
RMSE [%] 475
Bias [m] 001
138 Bias [%] 034
= PIT] 0.10
8
E 3 Yes
21375 o No
- T Yes
[} Tsin Yes
GWLLT Yes
137 -
No. of Fiters 115
Hidden Size 243
Seq.Length 13
1365 — ‘ ‘ ‘ ‘ ‘ ‘ ‘ | |Batchsize 43
2012-01 2012:07 2013-01 2013-07 2014-01 2014-07 2015-01 2015-07 2016-01
Date
LSTM: BW_104-114-5
T
observed NSE[] 0.88
1385 — ulated median R?[] 0.88
RMSE([m]  0.15
RMSE (%] 4.96
Bias [m] 001
138 - Bias (%] 035
= PIl] 002
8
E P Yes
21375 H Yes
g T Yes
Tsin Yes
GWLL1 Yes
137 -
Hidden Size 79
Seq.Length 14
Batch Size 17
1365 — B
I I ! I L ! !
2012-01 2012:07 2013-01 2013-07 2014-01 2014-07 2015-01 2015-07 2016-01
Date
NARX: BW_104-114-5 NSE[] 089
I Re[] 0.89
observed RMSE [m] 014
1385 - ulated median || | [RMSE [%]  4.87
Bias [m] -0.01
1Bias [%] 0.19
Pl 0.06
138 - 0
= P Yes
; H Yes
= T No
ERAE Tsin Yes
5] GWLL1 Yes
0P 3
5% IDH 44
DT
D Tsin 30
L _||ro 13
136.5 | | L 1 1 Hidden Size 1
2012-01 2012:07 2013-01 2013-07 2014-01 2014-07 2015-01 2015-07 2016-01

Date

Figure S20: Seq2Val GWL;_; test results for well BW_104-114-5
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Figure S21: Seq2Val GWL;_1 test results for well BW_104-307-0
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Figure S22:
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Figure S23: Seq2Val GWL;_1 test results for well BW_157-260-8
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Figure S24: Seq2Val GWL;_1 test results for well BW_710-256-3
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Figure S25: Seq2Val GWL;_1 test results for well BW_765-306-3
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Figure S26: Seq2Val GWL;_; test results for well BW_781-304-2
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Figure S27: Seq2Val GWL;_; test results for well BW_1851-305-1
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Figure S28: Seq2Val GWL;_; test results for well HE_11874
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Figure S29: Seq2Val GWL;_; test results for well HE_12905
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Figure S30: Seq2Val GWL;_; test results for well HE_12946
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Figure S31: Seq2Val GWL;_; test results for well HE_13490
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Figure S32: Seq2Val GWL;_; test results for well HE_13518
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Figure S33: Seq2Val GWL,;_; test results for well RP_2375118200
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Figure S34: Seq2Val GWL,;_; test results for well RP_2375283300
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Figure S35: Seq2Seq test results for well BW_1-115-8
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Figure S37: Seq2Seq test results for well BW_104-114-5
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Figure S38: Seq2Seq test results for well BW_104-307-0
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Figure S39: Seq2Seq test results for well BW_138-019-0
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Figure S41: Seq2Seq test results for well BW_710-256-3
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Figure S43: Seq2Seq test results for well BW_781-304-2
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Figure S44: Seq2Seq test results for well BW_1851-305-1
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Figure S46: Seq2Seq test results for well HE_12905
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Figure S48: Seq2Seq test results for well HE_13490
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Figure S50: Seq2Seq test results for well RP_2375118200
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Figure S51: Seq2Seq test results for well RP_2375283300
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Figure S52: Seq2Seq GWL;_; test results for well BW_1-115-8
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Figure S53: Seq2Seq GWL;_1 test results for well BW_103-261-4
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Figure S54: Seq2Seq GWL;_1 test results for well BW_104-114-5
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Figure S56: Seq2Seq GWL;_1 test results for well BW_138-019-0
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Figure S57: Seq2Seq GWL;_1 test results for well BW_157-260-8

66



935

GWL [m asl]

GWL [m asl]

GWL [m asl]

CNN seg2seq: BW_710-256-3
T

o
mulated median | | | 3 bod
rRMSE [%] 9.01
Bias [m] 001
1Bias (%] 030
PI[] 022
e Yes
H Yes
T Yes
Tsin Yes
] | ewet1 Yes
No.of Filters 244
[ Hidden Size 106
925~ | | sea.Length ) 17
Batch Size 3
1 L L L L 1 1
2012-01 2012:07 2013-01 2013-07 2014-01 2014-07 2015-01 2015-07 2016-01
Date
LSTM seq2seq: BW_710-256-3
a5 T T T 3
observed NSE[] 0.27
imulated median | | | R*[] 047
RMSE [m] 030
ol RMSE [%] 931
Bias [m] -0.05
1Bias (%] 162
0 012
935~ -
3 Yes
H No
T Yes
o | | Tsin Yes
GWLLT Yes
Hidden Size 246
st _| | seq. Length (in) 26
Batch Size 7
| ! ! ! 1 I I
2012-01 2012:07 2013-01 2013-07 2014-01 2014-07 2015-01 2015-07 2016-01
Date
NARX seq2seq: BW_710-256-3 NSE[] -0.15
945 T T T =R 0.16
observed RMSE [m] 0.31
imulated median RMSE [%] 936
Bias [m] -0.06
94— — | rBias (%] 182
PI[] 043
P Yes
935~ | No
T Yes
/ Tsin Yes
GWLL1 Yes
9
X 0P 3
IDH
DT 6
925 | | D Tsin 12
FD 3
I I I I L I I Hidden Size 1
2012-01 2012-07 2013-01 2013-07 2014-01 2014-07 2015-01 2015-07 2016-01
Date

Figure S58: Seq2Seq GWL;_1 test results for well BW_710-256-3
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Figure S59: Seq2Seq GWL;_1 test results for well BW_765-306-3
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Figure S60: Seq2Seq GWL;_1 test results for well BW_781-304-2
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Figure S61: Seq2Seq GWL;_1 test results for well BW_1851-305-1
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Figure S62: Seq2Seq GWL;_; test results for well HE_11874
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Figure S63: Seq2Seq GWL;_; test results for well HE_12905
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Figure S64: Seq2Seq GWL;_; test results for well HE_12946
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Figure S65: Seq2Seq GWL;_; test results for well HE_13490
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Figure S66: Seq2Seq GWL;_; test results for well HE_13518
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Figure S67: Seq2Seq GWL,;_; test results for well RP_2375118200
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Figure S68: Seq2Seq GWL,;_; test results for well RP_2375283300
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Figure S69: Error Variance of Initialization Ensemble Members
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Figure S70: Influence of the available amount of training data on seq2val model perfor-
mance based on meteorological inputs.
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Figure S71: Influence of the available amount of training data on seq2val model perfor-
mance based on meteorological inputs and past groundwater levels.
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Figure S72: Influence of the available amount of training data on all seq2val model per-
formance with training ending in 2007 instead of 2012
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Figure S73: Development of several statistic measures with yearly expanding time series
length from 2012 on backwards (Q: Quantile).
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