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Supplementary Information
Kinetic Accommodations in Mechanistic Modeling
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Figure S1. Kinetic accommodation Principles. R is the cell resistance, C the requested rate, RDFPE the rate degradation factor, and RDFcorrPE the additional correction needed. 



Summary of simulations
[bookmark: _Ref106459723]Table S1. Summary of all simulations performed in this work with emulation parameters (PI: perfect irradiance, C: cloudy).

	Cell
 #
	LR 
	OFS
	R
	RDFPE 
	RDFCorrPE
	RDFNE
	Duty cycle
	Paths 

	
	
	
	
	a
	b
	a
	b
	a
	b
	
	Resolution

	1
	1.200
	4.000
	-0.100
	0.064
	-0.836
	3.916
	-0.306
	0.443
	-0.217
	PI - 03/21/2017
	1%

	2
	1.199
	4.033
	-0.099
	0.064
	-0.840
	3.921
	-0.304
	0.444
	-0.216
	PI - 03/21/2017
	1%

	5
	1.195
	3.964
	-0.100
	0.064
	-0.838
	3.884
	-0.303
	0.445
	-0.219
	PI - 01/01/2017
	2.5%

	6
	1.201
	3.969
	-0.101
	0.064
	-0.833
	3.935
	-0.303
	0.439
	-0.218
	PI - 02/01/2017
	2.5%

	7
	1.202
	4.002
	-0.100
	0.064
	-0.841
	3.899
	-0.307
	0.444
	-0.217
	PI - 03/01/2017
	2.5%

	8
	1.189
	4.022
	-0.100
	0.064
	-0.840
	3.885
	-0.304
	0.443
	-0.217
	PI - 04/01/2017
	2.5%

	9
	1.209
	4.024
	-0.100
	0.063
	-0.829
	3.884
	-0.308
	0.447
	-0.218
	PI - 05/01/2017
	2.5%

	10
	1.191
	4.018
	-0.099
	0.064
	-0.838
	3.903
	-0.307
	0.445
	-0.217
	PI - 06/01/2017
	2.5%

	11
	1.206
	3.979
	-0.100
	0.065
	-0.842
	3.884
	-0.305
	0.442
	-0.218
	PI - 07/01/2017
	2.5%

	12
	1.202
	4.023
	-0.100
	0.064
	-0.829
	3.937
	-0.304
	0.442
	-0.217
	PI - 08/01/2017
	2.5%

	13
	1.193
	4.011
	-0.100
	0.064
	-0.841
	3.885
	-0.305
	0.441
	-0.217
	PI - 09/01/2017
	2.5%

	14
	1.190
	3.992
	-0.099
	0.064
	-0.841
	3.900
	-0.307
	0.447
	-0.217
	PI - 10/01/2017
	2.5%

	15
	1.205
	4.021
	-0.100
	0.064
	-0.829
	3.950
	-0.304
	0.441
	-0.218
	PI - 11/01/2017
	2.5%

	16
	1.200
	4.022
	-0.100
	0.064
	-0.828
	3.930
	-0.306
	0.443
	-0.217
	PI - 12/01/2017
	2.5%

	17
	1.189
	3.985
	-0.101
	0.064
	-0.830
	3.887
	-0.304
	0.439
	-0.217
	PI - 01/01/2017
	2.5%

	18
	1.204
	4.018
	-0.100
	0.063
	-0.838
	3.887
	-0.304
	0.439
	-0.215
	PI - 02/01/2017
	2.5%

	19
	1.192
	3.976
	-0.100
	0.064
	-0.831
	3.897
	-0.308
	0.445
	-0.217
	PI - 03/01/2017
	2.5%

	20
	1.192
	3.977
	-0.099
	0.065
	-0.839
	3.921
	-0.305
	0.440
	-0.218
	PI - 04/01/2017
	2.5%

	21
	1.212
	3.974
	-0.100
	0.064
	-0.829
	3.930
	-0.305
	0.447
	-0.217
	PI - 05/01/2017
	2.5%

	22
	1.203
	3.972
	-0.100
	0.064
	-0.840
	3.945
	-0.305
	0.445
	-0.216
	PI - 06/01/2017
	2.5%

	23
	1.201
	4.027
	-0.100
	0.064
	-0.833
	3.912
	-0.306
	0.442
	-0.217
	PI - 07/01/2017
	2.5%

	24
	1.206
	3.994
	-0.100
	0.064
	-0.828
	3.900
	-0.305
	0.444
	-0.219
	PI - 08/01/2017
	2.5%

	25
	1.210
	3.997
	-0.099
	0.064
	-0.840
	3.935
	-0.307
	0.440
	-0.218
	PI - 09/01/2017
	2.5%

	26
	1.199
	3.977
	-0.099
	0.064
	-0.831
	3.890
	-0.307
	0.446
	-0.217
	PI - 10/01/2017
	2.5%

	27
	1.205
	3.972
	-0.101
	0.064
	-0.839
	3.880
	-0.308
	0.445
	-0.215
	PI - 11/01/2017
	2.5%

	28
	1.201
	3.986
	-0.100
	0.064
	-0.835
	3.891
	-0.305
	0.439
	-0.219
	PI - 12/01/2017
	2.5%

	29
	1.204
	4.035
	-0.099
	0.065
	-0.841
	3.922
	-0.306
	0.441
	-0.218
	C - 01/05/2017
	5%

	30
	1.193
	3.965
	-0.101
	0.064
	-0.840
	3.927
	-0.306
	0.442
	-0.218
	C - 11/11/2016
	5%

	31
	1.196
	4.025
	-0.101
	0.064
	-0.836
	3.927
	-0.309
	0.443
	-0.215
	C - 11/14/2016
	5%

	32
	1.209
	4.010
	-0.100
	0.065
	-0.831
	3.928
	-0.307
	0.442
	-0.215
	C - 11/16/2016
	5%

	33
	1.189
	3.994
	-0.099
	0.064
	-0.834
	3.943
	-0.307
	0.444
	-0.216
	C - 04/17/2016
	5%

	34
	1.211
	3.981
	-0.101
	0.064
	-0.834
	3.884
	-0.307
	0.440
	-0.215
	C - 07/28/2016
	5%

	35
	1.205
	3.988
	-0.100
	0.064
	-0.838
	3.879
	-0.309
	0.446
	-0.218
	C - 06/13/2016
	5%

	36
	1.208
	3.991
	-0.100
	0.064
	-0.837
	3.898
	-0.304
	0.443
	-0.216
	C - 11/23/2016
	5%

	37
	1.207
	4.039
	-0.099
	0.064
	-0.829
	3.940
	-0.309
	0.439
	-0.219
	C - 07/26/2016
	5%

	38
	1.188
	4.015
	-0.101
	0.064
	-0.842
	3.947
	-0.307
	0.440
	-0.216
	PI - 11/11/2016
	2.5%

	39
	1.192
	3.963
	-0.099
	0.064
	-0.843
	3.905
	-0.305
	0.447
	-0.219
	PI - 11/14/2016
	2.5%

	40
	1.204
	4.039
	-0.101
	0.064
	-0.839
	3.896
	-0.305
	0.445
	-0.217
	PI - 01/05/2017
	2.5%

	41
	1.198
	4.008
	-0.101
	0.064
	-0.837
	3.923
	-0.306
	0.439
	-0.218
	PI - 04/17/2016
	2.5%

	42
	1.212
	3.988
	-0.101
	0.064
	-0.842
	3.912
	-0.305
	0.440
	-0.215
	PI - 07/28/2016
	2.5%

	43
	1.195
	4.018
	-0.101
	0.064
	-0.828
	3.943
	-0.309
	0.445
	-0.215
	PI - 11/16/2016
	2.5%

	44
	1.197
	4.016
	-0.100
	0.064
	-0.832
	3.930
	-0.306
	0.444
	-0.216
	PI - 06/13/2016
	2.5%

	45
	1.192
	4.026
	-0.101
	0.065
	-0.829
	3.891
	-0.304
	0.443
	-0.216
	PI - 07/27/2016
	2.5%

	46
	1.210
	3.968
	-0.099
	0.064
	-0.841
	3.901
	-0.304
	0.442
	-0.216
	PI - 11/23/2016
	2.5%

	47
	1.200
	4.033
	-0.100
	0.063
	-0.834
	3.881
	-0.306
	0.442
	-0.219
	PI - 03/31/2017
	2.5%

	48
	1.207
	3.999
	-0.101
	0.064
	-0.834
	3.949
	-0.309
	0.445
	-0.218
	PI - 06/01/2017
	2.5%

	49
	1.196
	4.035
	-0.099
	0.064
	-0.838
	3.942
	-0.305
	0.445
	-0.218
	PI - 10/19/2017
	2.5%

	50
	1.196
	4.004
	-0.101
	0.064
	-0.833
	3.925
	-0.305
	0.445
	-0.217
	PI - 03/11/2017
	2.5%

	51
	1.191
	4.033
	-0.099
	0.064
	-0.843
	3.916
	-0.307
	0.444
	-0.218
	PI - 08/02/2017
	2.5%

	52
	1.189
	4.002
	-0.099
	0.064
	-0.833
	3.943
	-0.304
	0.444
	-0.219
	PI - 09/18/2017
	2.5%

	53
	1.189
	3.964
	-0.099
	0.064
	-0.838
	3.886
	-0.308
	0.444
	-0.215
	PI - 02/01/2017
	2.5%

	54
	1.190
	3.971
	-0.101
	0.063
	-0.832
	3.896
	-0.304
	0.446
	-0.218
	PI - 05/22/2017
	2.5%

	55
	1.206
	4.012
	-0.100
	0.064
	-0.839
	3.886
	-0.304
	0.439
	-0.219
	PI - 10/17/2017
	2.5%

	56
	1.211
	3.970
	-0.100
	0.064
	-0.832
	3.936
	-0.306
	0.442
	-0.216
	C - 03/31/2017 
	5%

	57
	1.206
	4.032
	-0.100
	0.064
	-0.843
	3.897
	-0.306
	0.447
	-0.216
	C - 06/01/2017
	5%

	58
	1.194
	4.034
	-0.099
	0.064
	-0.838
	3.893
	-0.307
	0.446
	-0.217
	C - 10/19/2017
	5%

	59
	1.204
	4.024
	-0.099
	0.064
	-0.830
	3.917
	-0.308
	0.447
	-0.217
	C - 03/11/2017
	5%

	60
	1.195
	4.012
	-0.101
	0.064
	-0.844
	3.892
	-0.304
	0.441
	-0.217
	C - 08/02/2017
	5%

	61
	1.198
	3.985
	-0.100
	0.063
	-0.834
	3.900
	-0.305
	0.440
	-0.217
	C - 09/18/2017
	5%

	62
	1.195
	3.972
	-0.099
	0.064
	-0.837
	3.945
	-0.303
	0.447
	-0.215
	C - 02/01/2017
	5%

	63
	1.208
	4.024
	-0.101
	0.064
	-0.836
	3.909
	-0.304
	0.444
	-0.217
	C - 05/22/2017
	5%

	64
	1.193
	4.002
	-0.101
	0.064
	-0.839
	3.909
	-0.303
	0.441
	-0.218
	C - 10/17/2017
	5%





Supplementary Tables and Figures
Figure S2: (a-f) RMSE dependency on maximum degradation of at least one of the degradation modes. (f) diagnosis error induced by cell-to-cell variations for more than 14,000,000 samples.
[image: Graphical user interface, chart
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Table S2: Complete statistics for the alidation on the same day and on different days for the full dataset and degradations limited to at most 25% for each degradation mode.
[image: A screenshot of a computer

Description automatically generated with low confidence]
Table S3: Complete statistics for the validation on cloudy days when less than 25% of each degradation modes.
[image: Table

Description automatically generated]

Table S4: Complete statistics for the validation on cloudy days when less than 50% of each degradation modes.
 [image: Table

Description automatically generated]
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image3.png
RF XGB FNN 1DConv DTW-CNN
<25% degradation  |RMSE (%) MAE (%) p__ |RMSE (%) MAE (%) p__ |RMSE(%) MAE (%) P |RMSE(%) MAE (%) p  |RMSE(%) MAE(%) P
ILLI(Q), same day 097 061 0992 071 048 0995 | 062 050 0997 [ 037 028 0999 | 039 029 0.999
[LAMPE(Q), same day 118 072 0988 | 046 031 0998 | 052 040 0998 | 0.46 034 0998 | 043 033  0.999
ILAMNE(Q), same day 112 081 0989 | 092 068 0993 | 072 054 099% | 067 050 0996 | 0.64 049 0997
[Mean, same day 109 071 0990 | 070 049 0996 | 062 048 0997 | 050 037 0998 | 049 037 0998
[LLI(t), same day 113 075 0990 | 080 055 0994 | 061 049 0997 | 0.40 031 0999 | 0.92 074 0998
[LAMPE(t), same day 112 071 0989 | 049 034 0998 | 048 039 0998 | 037 028 0999 | 0.81 063 0997
ILAMNE(®), same day 155 107 0977 | 115 08 0988 | 082 065 0995 | 059 044 0997 | 128 102 0.992
[Mean, same day 127 085 098 | 081 058 0993 | 064 051 099% | 045 034 0998 | 1.00 0.80 099
ILLI(Q), different day 138 103 0987 | 1.02 075 0991 | 0.68 053 099 | 055 045 0998 | 0.68 057  0.998
[LAMPE(Q). different day| 161 122 0983 | 097 072 0995 | 076 064 0997 [ 051 040 0998 | 0.84 072 0.997
ILAMNE(Q), differentday| 159 122 0978 | 173 109 0970 | 108 082 0991 | 091 071 0995 | 0.84 0.66 0995
[Mean, different day 153 116 0982 | 124 08 0985 | 084 066 0995 | 066 052 0997 | 079 0.65 0.997
ILLI(t), different day 235 173 0950 [ 258 207 0962 | 3.09 249 0966 [ 3.02 246 0960 | 536 460 0.928
[LAMPE()), differentday | 3.14 247 0923 | 328 286 0967 | 350 2.83 0955  3.63 290 0947 [ 489 394 0.909
ILAMNE(®), differentday | 441 283 0807 | 385 28 0828 | 410 3.00 0888 | 310 238 0947 | 7.01 499 0630
[Mean, different day 330 234 0893 | 324 259 0919 | 356 277 0937 | 325 258 0951 | 575 451 0.822
RF XGB FNN 1DConv DTW-CNN
<50% degradation  |RMSE (%) MAE (%) p__ |RMSE (%) MAE (%) p__ |RMSE(%) MAE (%) p  |RMSE(%) MAE(%) p  |RMSE(%) MAE(%) P
ILLI(Q), same day 248 124 0983 [ 229 110 0985 | 149 088 0994 [ 164 074 0993 | 138 064 0.995
[LAMPE(Q), same day 157 083 0993 | 124 054 099 | 084 051 0998 | 069 045 0999 | 079 045 0.998
[LAMNE(Q), same day 220 130 0987 | 210 115 0989 | 111 073 0997 | 110 073 0997 | 114 064 0.9%
[Mean, same day 208 112 0988 | 188 093 0990 | 1.15 071 099 | 1.15 064 099 | 1.10 058 0.997
[LLI(t), same day 238 130 0985 | 214 113 0987 | 235 107 0984 [ 154 072 0994 | 1.88 108 0.991
[LAMPE(t), same day 154 087 0994 | 128 056 099 | 079 049 0998 | 069 048 0999 | 0.96 075 0.998
[LAMNE(t), same day 242 150 0985 | 245 134 0984 | 177 08 0991 | 101 064 0997 | 170 125 0.993
[Mean, same day 211 122 0988 | 1.96 101 0989 | 164 082 0991 | 1.08 061 0997 | 151 1.03 0.994
[LLI(Q), different day 323 179 0973 | 3.00 158 0976 | 1.95 103 0990 [ 203 097 0990 | 2.02 1.05 0.989
LAMPE(Q). different day( 223 131 0988 | 210 105 0990 | 1.39 080 099 | 123 057 099 | 1.13 083 0997
[LAMNE(Q). differentday| 295 18 0978 | 434 215 0944 | 180 112 0992 | 193 101 0991 | 143 096 0.995
[Mean, different day 280 165 0980 | 315 159 0970 | 171 098 0993 | 173 085 0992 | 1.53 095 0.994
ILLI(t), different day 3.69 255 0967 | 3.97 2.85 0969 | 499 329 0954 | 425 3.05 0968 | 750 6.03 0.890
ILAMPE(H), different day [ 438 312 0964 | 421 332 0979 | 411 326 0982 | 459 363 0978 | 559 452 0923
[LAMNE(Y), differentday | 521 361 0929 | 509 358 0934 | 721 466 0902 | 451 326 0962 | 976 736 0727
[Mean, different day 443 310 0953 | 442 325 0961 | 543 374 0946 | 445 331 0969 | 7.62 597  0.847





image4.png
RF XGB FNN 1DConv DTW-CNN
RMSE RMSE RMSE RMSE RMSE
<25% degradation (%) MAE(%) p (%) MAE(%) p (%) MAE(%) p (%) MAE(%) p (%) MAE(%) p
LLI(Q), all days 303 217 0868 | 296 205 0855 | 207 165 0917 211 156 0923 | 1.40 113 0.980
LAMpE(Q), all days 333 235 0813|271 182 0904 | 218 170 0912 | 258 183 089 | 1.79 144 0.969
LAMNE(Q), all days 429 303 0801 | 407 307 0825 265 204 0887 | 231 165 0919 | 2.09 159 0959
Mean, all days 3.55 252 0.827 | 325 231 0862 230 1.80 00905 | 233 168 0913 | 1.76  1.39 0.969
[LLI(t), all days 347 261 0895 | 335 232 0888 [ 374 278 0916 | 337 248 0903 [ 404 3.10 0.909
[LAME(t), all days 38 288 0868 433 306 0910 414 314 0904 | 504 349 0789 | 470 345 0858
[LAMNE(t), all days 607 447 0747|735 609 0771|771 502 0715| 570 416 0738 | 677 546 0630
[Mean, all days 446 332 0837 | 501 382 0856 | 520 3.64 0845) 470 338 0810 | 517 401 0.799
LLI(Q), >50% clear sky 151 107 0975 | 1.24 081 0977 [ 098 079 0989 | 0.88 0.66 0995 | 062 049 0997
[LAMpE(Q), >S0% clearsky 160 1.10 0966 [ 1.51 091 0974 | 1.06 084 0989 | 1.04 075 0991 073 057 0995
[LAMNi(Q), >S0% clearsky| 263 179 0923 | 249 176 0938 | 141 109 0977 | 114 085 0989 | 1.00 078 0.993
[Mean,>50% clear sky 191 132 0955 | 1.75 116 0963 | 1.15 091 0985 | 1.02 075 0.992 | 078 0.61 0.995
[LLI(t), >50% clear sky 231 163 0949 | 213 149 0957 | 2.84 216 0960 | 228 164 0967 | 3.39 258 0.951
ILAMpr(f), >50% clearsky | 263 191 0938 | 3.62 253 0941 | 3.19 243 0943 | 405 264 0853 | 408 297 0870
[LAMNE(t), >S0% clearsky | 410 277 0853 [ 510 395 0860 | 699 435 0763 | 443 310 0838 | 511 390 0.685
[Mean,>50% clear sky 301 210 0913 | 361 266 0919 | 434 298 0889 | 359 246 0886 | 420 3.15 0.835
LLI(Q), >75% clear sky 1.05 076 0990 | 067 048 0995 | 0.84 070 0994 | 0.58 045 0998 [ 0.45 037 0999
[LAMpE(Q), >75% clearsky| 129 088 0982 [ 1.56 096 0967 | 0.73 059 0.995| 079 057 0995 | 058 0.48 0998
LAMNE(Q), >75% clearsky| 177 131 0970 | 143 099 0979 | 098 077 0991 | 079 060 0995 | 072 0.55 0.995
Mean,>75% clear sky 137 098 0980 | 1.22 081 0980 | 0.85 069 0994 | 072 054 0.996 | 0.58 0.47 0.997
LLI(t), >75% clear sky 193 139 0966 | 1.15 0.89 0990 | 224 165 0973 | 146 090 0982 | 270 193 0.989
ILAMpr(f), >75% clearsky | 165 123 0975 | 1.68 124 0974 | 205 152 0975| 226 139 0971 | 3.10 223 0938
[LAMINE(f), >7S% clearsky | 377 250 0880 | 3.86 291 0922 | 816 524 0764 | 363 273 0940 | 340 276 0933
[Mean,>75% clear sky 245 170 0940 | 223 168 0962 | 415 2.80 0904 | 245 167 0964 | 3.06 231 0.953





image5.png
RF XGB FNN 1DConv DTW-CNN
RMSE RMSE RMSE RMSE RMSE
<50% degradation (%) MAE (%) P (%) MAE (%) P (%) MAE(%) p (%) MAE(%) p (%) MAE(%) p
LLI(Q), all days 493 314 0893 | 506 3.14 0914 | 400 2.69 0920 | 450 274 0917 | 296 178 0.974
LAME(Q), all days 415 285 0875| 355 239 0955 | 3.16 232 0929 | 397 267 0917 | 249 178 0977
LAMNE(Q), all days 560 379 0870| 591 3.91 0.875| 460 322 0903 | 410 263 0918 | 3.27 220 0.966
Mean, all days 489 326 0879 | 484 315 0915| 3.92 275 0917 | 419 268 0917 | 291 192 0973
LLI(t), all days 553 3.62 0916 | 601 3.62 0905 | 628 421 0925| 616 3.98 0920 | 601 444 0.924
LAMEeE(t), all days 475 337 0931 447 319 0953 | 520 3.82 0949 | 1075 634 0685 | 7.86 532 0844
LAME(t), all days 724 519 0850 | 825 636 0.869 | 1411 923 0740 | 885 605 0807 | 913 6.83 0.767
Mean, all days 5.84 406 0899 | 625 439 00909 | 853 575 0871 | 859 546 0.804 | 7.67 553 0.845
LLI(Q), >50% clear sky 311 180 0974 | 3.01 162 0975| 233 140 0985 | 255 133 0985 | 2.04 106 0.988
LAMpe(Q), >S0% clearsky| 193 128 0988 | 1.85 114 0990 | 1.30 097 0995 1.45 093 0994 | 1.08 077 099
LAMNE(Q), >S0%clearsky| 371 234 0958 | 426 248 0953 | 242 162 0982 | 213 127 0989 | 1.88 115 0.990
Mean, >50% clear sky 2091 181 0973] 304 174 0973 | 2.02 133 0987 | 204 118 0989 | 167 099 0.991
LLI(), >50% clear sky 472 280 0934 | 508 275 0931 519 337 0952 | 470 2.83 0956 | 524 3.88 0.942
LAMpi(f), >50% clearsky | 361 239 0959 [ 3.42 240 0973 | 427 302 0962 949 514 0715| 670 438 0.893
[LAMNE(f), >50% clearsky | se67 371 0914 | 648 460 09231394 863 0758 [ 7.23 460 0864 | 806 568 0.806
Mean, >50% clear sky 467 296 0936 | 499 325 0942 | 780 501 0891 | 7.14 419 0.845 | 6.67 4.65 0.880
LLI(Q), >75% clear sky 277 153 0979 | 254 127 0983 | 204 124 0989 1.96 097 0990 [ 1.59 0.80 0.992
LAMpe(Q), =75% clearsky| 150 101 0994 | 1.61 1.00 0992 | 097 071 0997 [ 117 069 099 | 075 055 0998
LAMNE(Q), >75%clearsky| 294 189 0977 351 189 0967 | 177 115 0992 | 183 099 0992 | 1.16 078 0.997
Mean, >75% clear sky 241 148 0983 | 256 139 0981 ] 1.59 1.03 0993 | 1.65 0.88 0993 | 116 071 0.99
LLI(t), >75% clear sky 300 196 0977 | 480 220 0937 | 434 278 0962 | 3.98 216 0961 | 3.74 277 0973
LAMpi(f), >75% clearsky | 201 137 0990 [ 1.70 124 0993 | 326 227 0986 [ 593 2.86 0906 | 532 332 0945
LAMyi(t), >75% clearsky | 441 295 0955)| 569 390 0941|1471 971 0775|519 379 0951 | 530 364 0930
Mean, >75% clear sky 304 209 0974| 407 244 0957 | 7.43 492 0908 | 503 294 0940 | 478 325 0.950





