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Figure S1. Map of Sites Distribution of the combined Fluxnet2015, AmeriFlux, ICOS
networks. The sites which have more than 5 years’ observations are used for model
training.
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Figure S2. Optimal architecture of machine learning model. Note we sampled the
entire dataset to speed up identifying the optimal model structure.
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Figure S3. Optimal sequence length of machine learning model.
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Figure S4. Model performance. The model performance with 365 days’ time series
data as input. The EF predictions shown here are based on the ensemble mean EF
predictions of 10 repeated models. The density of scatter points is represented using
shading colors. The diagonal black dashed line depicts the 1:1 line and the red solid line
depicts the linear regression line. Note that N, R?, and RMSE represent the number of
points, coefficient of determination, and root mean square error, respectively. All the
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metrics are calculated using the test set data. The dataset is split into training, validation,
and test sets based on time periods: the last year of each site is used for testing, the
second-to-last year for validation, and the remaining data for training.
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Figure S5. Grassland sites receiving sufficient precipitation. Blue bars show the
observed daily sum precipitation (P), black curves show EF observations, red curves
show EF predictions, green curves show soil moisture percentiles of the shallowest
soil depth. The x-axis represents the day of year (DOY) of the whole year. The daily
volumetric water content values are converted into percentiles, indicating the fraction
of daily values lower than a specific value. Thus, the 100th percentile (or a percentile
value of 1) represents the wettest soil conditions observed at a specific site throughout
the study period, and the 0 percentile signifies the driest soil conditions. The memory
length is set as 365 days for the machine learning model. The EF predictions here are
using the ensemble mean EF predictions of 10 models with different initializations.
Shaded areas represent regions of predictions uncertainty in the 25%-75% quartiles of

these 10 repeat training models.
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Figure S6. Examples of long-lag precipitation attribution to target-day
evaporative fraction (EF) predictions. The upper and lower panels show the 365-
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day antecedent periods for DE-Obe (ENF; target date: 25 January 2009) and FR-Pue
(EBF; target date: 30 November 2004), respectively. Black curves indicate observed
daily precipitation, while background colors show precipitation attributions derived
using Expected Gradients. Red and blue indicate positive and negative contributions
to the target-day EF prediction, respectively. Arrows mark strong precipitation signals
occurring 364 and 363 days before the corresponding target dates, illustrating the
long-duration precipitation memory learned by the LSTM model.



Table S1. Information on the eddy covariance sites from the combined ICOS, AmeriFlux,
FLUXNET 2015 tier 1 dataset

site IGBP  latitude longitude period DOI
AT-Neu GRA 47,12 11,32 2002-2012 https://doi.org/10.18140/FLX/1440121
AU-DaP GRA -14,06 131,32 2007-2013 https://doi.org/10.18140/FLX/1440123
AU-DaS SAV -14,16 131,39 2008-2014 https://doi.org/10.18140/FLX/1440122
AU-Dry SAV -15,26 132,37 2008-2014 https://doi.org/10.18140/FLX/1440197
AU-How WSA -12,49 131,15 2001-2014 https://doi.org/10.18140/FLX/1440125
AU-Stp GRA -17,15 133,35 2008-2014 https://doi.org/10.18140/FLX/1440204
AU-Tum EBF -35,66 148,15 2001-2014 https://doi.org/10.18140/FLX/1440126
BE-Bra MF 51,31 4,52 1996-2020 https://doi.org/10.18160/2G60-ZHAK
BE-Vie MF 50,31 6 1996-2020 https://doi.org/10.18160/2G60-ZHAK
CA-Cbo DBF 44,32 -79,93 1994-2020 https://doi.org/10.17190/AMF/1854365
CA-Gro MF 48,22 -82,16 2003-2014  https://doi.org/10.18140/FLX/1440034
CA-LP1 ENF 55,11 -122,84 2007-2020 https://doi.org/10.17190/AMF/1832155
CA-Man ENF 55,88 -98,48 1994-2008 https://doi.org/10.18140/FLX/1440035
CA-Oas DBF 53,63 -106,2 1996-2010  https://doi.org/10.18140/FLX/1440043
CA-Obs ENF 53,99 -105,12 1997-2010 https://doi.org/10.18140/FLX/1440044
CA-Qfo ENF 49,69 -74,34 2003-2010 https://doi.org/10.18140/FLX/1440045
CA-TP1 ENF 42,66 -80,56 2002-2014 https://doi.org/10.18140/FLX/1440050
CA-TP3 ENF 42,71 -80,35 2002-2014 https://doi.org/10.18140/FLX/1440052
CA-TP4 ENF 42,71 -80,36 2002-2014 https://doi.org/10.18140/FLX/1440053
CH-Aws GRA 46,58 9,79 2006-2020 https://doi.org/10.18160/2G60-ZHAK
CH-Cha GRA 47,21 8,41 2005-2020 https://doi.org/10.18160/2G60-ZHAK
CH-Dav ENF 46,82 9,86 1997-2020 https://doi.org/10.18160/2G60-ZHAK
CH-Fru GRA 47,12 8,54 2005-2020 https://doi.org/10.18160/2G60-ZHAK
CH-Lae MF 47,48 8,37 2004-2020 https://doi.org/10.18160/2G60-ZHAK
CZ-BK1 ENF 49,5 18,54 2004-2020 https://doi.org/10.18140/FLX/1440143
CZ-Lnz MF 48,68 16,95 2015-2020 https://doi.org/10.18160/2G60-ZHAK
CZ-Stn DBF 49,04 17,97 2010-2020 https://doi.org/10.18160/2G60-ZHAK
DE-Gri GRA 50,95 13,51 2004-2020 https://doi.org/10.18160/2G60-ZHAK
DE-Hai DBF 51,08 10,45 2000-2020 https://doi.org/10.18160/2G60-ZHAK
DE-HoH DBF 52,09 11,22 2015-2020 https://doi.org/10.18160/2G60-ZHAK
DE-Hzd DBF 50,96 13,49 2010-2020 https://doi.org/10.18160/2G60-ZHAK
DE-Lnf DBF 51,33 10,37 2002-2012 https://doi.org/10.18140/FLX/1440150
DE-Obe ENF 50,78 13,72 2008-2020 https://doi.org/10.18160/2G60-ZHAK
DE-Tha ENF 50,96 13,57 1996-2020 https://doi.org/10.18160/2G60-ZHAK
DK-Sor DBF 55,49 11,64 1996-2014 https://doi.org/10.18140/FLX/1440155
ES-Abr SAV 38,7 -6,79 2015-2020 https://doi.org/10.18160/2G60-ZHAK
ES-Agu OSH 36,94 -2,03 2006-2020 https://doi.org/10.18160/2G60-ZHAK
ES-Amo OSH 36,83 -2,25 2007-2012 https://doi.org/10.18140/FLX/1440156
ES-Uu OSH 36,93 -2,75 2004-2013 https://doi.org/10.18140/FLX/1440157
ES-LM1 SAV 39,94 -5,78 2014-2020 https://doi.org/10.18160/2G60-ZHAK
ES-LM2 SAV 39,93 -5,78 2014-2020 https://doi.org/10.18160/2G60-ZHAK
FI-Hyy ENF 61,85 24,3 1996-2020 https://doi.org/10.18160/2G60-ZHAK

IGBP: The land cover classification defined by the International Geosphere Biosphere Programme (IGBP)
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Continued Table S1. Information on the eddy covariance sites from the combined ICOS,

AmeriFlux, FLUXNET 2015 tier 1 dataset

site IGBP  latitude longitude period DOI
FI-Sod ENF 67,36 26,64 2001-2014 https://doi.org/10.18140/FLX/1440160
FR-FBn MF 43,24 5,68 2008-2020 https://doi.org/10.18160/2G60-ZHAK
FR-Fon DBF 48,48 2,78 2005-2020 https://doi.org/10.18160/2G60-ZHAK
FR-Hes DBF 48,67 7,06 2014-2020 https://doi.org/10.18160/2G60-ZHAK
FR-LBr ENF 44,72 -0,77 1996-2008 https://doi.org/10.18140/FLX/1440163
FR-Pue EBF 43,74 3,6 2000-2014 https://doi.org/10.18140/FLX/1440164
GF-Guy EBF 5,28 -52,93 2004-2020 https://doi.org/10.18160/2G60-ZHAK
GL-ZaH GRA 74,47 -20,55 2000-2014 https://doi.org/10.18140/FLX/1440224
IL-Yat ENF 31,34 35,05 2000-2020 https://doi.org/10.18160/2G60-ZHAK
IT-Col DBF 41,85 13,59 1996-2014 https://doi.org/10.18140/FLX/1440167
IT-Cpz EBF 41,71 12,38 1997-2009 https://doi.org/10.18140/FLX/1440233
IT-Lav ENF 45,96 11,28 2003-2020 https://doi.org/10.18160/2G60-ZHAK
IT-MBo GRA 46,01 11,05 2003-2020 https://doi.org/10.18160/2G60-ZHAK
IT-Ren ENF 46,59 11,43 1999-2020 https://doi.org/10.18160/2G60-ZHAK
IT-Tor GRA 45,84 7,58 2008-2020 https://doi.org/10.18160/2G60-ZHAK
NL-Loo ENF 52,17 5,74 1996-2014 https://doi.org/10.18140/FLX/1440178
RU-Cok OSH 70,83 147,49 2003-2014 https://doi.org/10.18140/FLX/1440182
RU-Fyo ENF 56,46 32,92 1998-2020 https://doi.org/10.18160/2G60-ZHAK
RU-Sam GRA 72,37 126,5 2002-2014 https://doi.org/10.18140/FLX/1440185
SE-Nor ENF 60,09 17,48 2014-2020 https://doi.org/10.18160/2G60-ZHAK
US-Bar DBF 44,06 -71,29 2004-2021  https://doi.org/10.17190/AMF/2006969
US-GLE ENF 41,37 -106,24 2005-2020 https://doi.org/10.17190/AMF/1871136
US-Hal DBF 42,54 -72,17 1991-2020 https://doi.org/10.17190/AMF/1871137
US-Ho2 ENF 45,21 -68,75 1999-2020 https://doi.org/10.17190/AMF/1881581
US-1B2 GRA 41,84 -88,24 2004-2011 https://doi.org/10.18140/FLX/1440072
US-KLS GRA 38,77 -97,57 2012-2019  https://doi.org/10.17190/AMF/1854367
US-MMS DBF 39,32 -86,41 1999-2020 https://doi.org/10.17190/AMF/1854369
US-MOz DBF 38,74 -92,2 2004-2019  https://doi.org/10.17190/AMF/1854370
US-Me2 ENF 44,45 -121,56 2002-2020 https://doi.org/10.17190/AMF/1854368
US-Mpj  WSA 34,44 106,24  2008-2020  https://doi.org/10.17190/AMF/1832161
US-NR1 ENF 40,03 -105,55 1998-2016  https://doi.org/10.17190/AMF/1871141
US-ONA GRA 27,38 -81,95 2015-2020 https://doi.org/10.17190/AMF/1832163
US-Oho DBF 41,55 -83,84 2004-2013 https://doi.org/10.18140/FLX/1440088
US-PFa MF 45,95 -90,27 1995-2014 https://doi.org/10.18140/FLX/1440089
US-SRG GRA 31,79 -110,83 2008-2021  https://doi.org/10.17190/AMF/2204877
US-SRM WSA 31,82 -110,87 2004-2014 https://doi.org/10.18140/FLX/1440090
US-Seg GRA 34,36 -106,7 2007-2021  https://doi.org/10.17190/AMF/1984572
US-Ses OSH 34,33 -106,74 2007-2021  https://doi.org/10.17190/AMF/1984573
US-Syv MF 46,24 -89,35 2001-2014  https://doi.org/10.18140/FLX/1440091
US-Ton WSA 38,43 -120,97 2001-2014 https://doi.org/10.18140/FLX/1440092
US-UMB DBF 45,56 -84,71 2000-2014 https://doi.org/10.18140/FLX/1440093
us-umd DBF 45,56 -84,7 2007-2014 https://doi.org/10.18140/FLX/1440101

IGBP: The land cover classification defined by the International Geosphere Biosphere Programme (IGBP)
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Continued Table S1. Information on the eddy covariance sites from the combined ICOS,

AmeriFlux, FLUXNET 2015 tier 1 dataset

site IGBP  latitude longitude period DOI
US-Var GRA 38,41 -120,95 2000-2021  https://doi.org/10.17190/AMF/1993904
US-WCr DBF 45,81 -90,08 1999-2014 https://doi.org/10.18140/FLX/1440095
US-Whs OSH 31,74 -110,05 2007-2020 https://doi.org/10.17190/AMF/1984574
US-Wjs SAV 34,43 -105,86 2007-2021  https://doi.org/10.17190/AMF/1871146
US-Wkg GRA 31,74 -109,94 2004-2021  https://doi.org/10.17190/AMF/1984575
ZA-Kru SAV -25,02 31,5 2000-2013  https://doi.org/10.18140/FLX/1440188

IGBP: The land cover classification defined by the International Geosphere Biosphere Programme (IGBP)



