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Table S1: Information for the FLUXNET2015 sites used in this study.

ID Longitude Latitude Years Reference
1  AR-SLu -66.4598  -33.4648 2009-2011 3y fluxnet.fluxdata.org
2  AR-Vir -56.1886  -28.2395 2009-2012 4y fluxnet.fluxdata.org
3  AT-Neu 11.3175  47.1167 2002-2012 11y Stoy et al. 2013
4  AU-Ade 131.1178 -13.0769 2007-2009 3y Beringer et al. 2016
5 AU-ASM 133.249 -22.283  2010-2013 4y Beringer et al. 2016
6  AU-Cpr 140.5891 -34.0021 2010-2014 5y Beringer et al. 2016
7  AU-Cum 150.7225 -33.6133 2012-2014 3y Beringer et al. 2016
8 AU-DaP 131.3181 -14.0633 2007-2013 7y Beringer et al. 2016
9 AU-DaS 131.3881 -14.1593 2008-2014 7y Jamali et al. 2011
10 AU-Dry 132.3706 -15.2588 2008-2014 7y Beringer et al. 2016
11 AU-Emr 148.4746 -23.8587 2011-2013 3y Beringer et al. 2016
12 AU-Fog 131.3072 -12.5452 2006-2008 3y Beringer et al. 2016
13 AU-Gin 115.7138 -31.3764 2011-2014 4y Beringer et al. 2016
14 AU-GWW  120.6541 -30.1913 2013-2014 2y Beringer et al. 2016
15 AU-How 131.1523 -12.4943 2001-2014 14y Beringer et al. 2016
16 AU-Lox 140.6551 -34.4704 2008-2009 2y Beringer et al. 2016
17 AU-RDF 132.4776 -14.5636 2011-2013 3y Beringer et al. 2016
18 AU-Rig 145.5759 -36.6499 2011-2014 4y Beringer et al. 2016
19 AU-Rob 145.6301 -17.1175 2014-2014 1y Beringer et al. 2016
20 AU-Stp 133.3502 -17.1507 2008-2014 7y Beringer et al. 2016
21 AU-TTE 133.64 -22.287  2012-2013 2y Beringer et al. 2016
22 AU-Tum 148.1517 -35.6566 2001-2014 14y Beringer et al. 2016
23 AU-Wac 145.1878 -37.4259 2005-2008 4y Beringer et al. 2016
24 AU-Whr 145.0294 -36.6732 2011-2014 4y Beringer et al. 2016
25 AU-Wom  144.0944 -37.4222 2010-2012 3y Festetal. 2017
26 AU-Ync 146.2907 -34.9893 2012-2014 3y Beringer et al. 2016
27 BE-Bra 4.5206 51.3092 1996-2014 19y Stoy et al. 2013
28 BE-Lon 4.7461 50.5516 2004-2014 11y Moureaux et al. 2006
29 BE-Vie 5.9981 50.3051 1996-2014 19y Aubinet et al. 2001
30 BR-Sa3 -54.9714 -3.018  2000-2004 5y doi:10.17190/AMF/1245995
31 CA-Man -98.4808  55.8796  1994-2008 15y doi:10.17190/AMF/1245997
32 CA-NS1 -98.4839  55.8792  2001-2005 5y doi:10.17190/AMF/1245998
33 CA-NS2 -98.5247  55.9058 2001-2005 5y doi:10.17190/AMF/1245999
34 CA-NS3 -98.3822  55.9117 2001-2005 5y doi:10.17190/AMF/1246000
35 CA-NS4 -98.3822 559117 2002-2005 4y doi:10.17190/AMF/1246001
36 CA-NS5 -98.485 55.8631 2001-2005 5y doi:10.17190/AMF/1246002
37 CA-NS6 -98.9644  55.9167 2001-2005 5y doi:10.17190/AMF/1246003
38 CA-NS7 -99.9483  56.6358  2002-2005 4y doi:10.17190/AMF/1246004
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ID Longitude Latitude Years Reference
39 CA-Qfo -74.3421  49.6925 2003-2010 8y doi:10.17190/AMF/1246829
40 CA-SF1 -105.8176  54.485  2003-2006 4y doi:10.17190/AMF/1246006
41 CA-SF2 -105.8775 54.2539  2001-2005 5y doi:10.17190/AMF/1246007
42 CA-SF3 -106.0053  54.0916 2001-2006 6y do0i:10.17190/AMF/1246008
43 CH-Cha 8.4104 47.2102  2005-2014 10y Merbold et al. 2014
44 CH-Dav 9.8559 46.8153 1997-2014 18y fluxnet.fluxdata.org
45 CH-Fru 8.5378 47.1158 2005-2014 10y Imer et al. 2013
46 CH-Lae 8.365 47.4781 2004-2014 11y Heim et al. 2008
47 CH-Oel 7.7319 47.2858 2002-2008 7y Ammann et al. 2007
48 CH-Oe2 7.7343 47.2863 2004-2014 11y Dietiker et al., 2010
49 CN-Cha 128.0958 42.4025 2003-2005 3y fluxnet.fluxdata.org
50 CN-Cng 123.5092 44.5934 2007-2010 4y fluxnet.fluxdata.org
51 CN-Dan 91.0664  30.4978 2004-2005 2y fluxnet.fluxdata.org
52 CN-Din 112.5361 23.1733 2003-2005 3y fluxnet.fluxdata.org
53 CN-Du2 116.2836  42.0467 2006-2008 3y Stoy et al. 2013
54 CN-Ha2 101.3269 37.6086 2003-2005 3y fluxnet.fluxdata.org
55 CN-HaM 101.18 37.37 2002-2004 3y Lietal. 2013
56 CN-Qia 115.0581 26.7414 2003-2005 3y fluxnet.fluxdata.org
57 CN-Sw2 111.8971  41.7902 2010-2012 3y fluxnet.fluxdata.org
58 CZ-BK1 18.5369  49.5021 2004-2008 5y Darenova et al. 2016
59 CZ-BK2 18.5429  49.4944 2004-2006 3y Datenova et al. 2017
60 CZ-wet 14.7704  49.0247 2006-2014 9y Stoy et al. 2013
61 DE-Akm 13.6834  53.8662 2009-2014 6y fluxnet.fluxdata.org
62 DE-Geb 10.9143 51.1001 2001-2014 14y Revill et al. 2013
63 DE-Gri 13.5125 50.9495 2004-2014 11y Stoy et al. 2013
64 DE-Hai 10.453 51.0792 2000-2012 13y Knohl et al. 2003
65 DE-Kli 13.5225  50.8929 2004-2014 11y Revill et al. 2013
66 DE-Lkb 13.3047  49.0996 2009-2013 5y fluxnet.fluxdata.org
67 DE-Obe 13.7196  50.7836  2008-2014 7y Jung et al. 2009
68 DE-RuR 6.3041 50.6219 2011-2014 4y Borchard et al. 2015
69 DE-RuS 6.4472 50.8659 2011-2014 4y Schmidt et al. 2012
70 DE-Seh 6.4497 50.8706 2007-2010 4y fluxnet.fluxdata.org
71 DE-SfN 11.3275  47.8064 2012-2014 3y fluxnet.fluxdata.org
72 DE-Spw 14.0337  51.8923 2010-2014 5y fluxnet.fluxdata.org
73 DE-Tha 13.5669 50.9636 1996-2014 19y Bernhofer et al. 2003
74 DK-Fou 9.5872 56.4842 2005-2005 1y Stoy et al. 2013
75 DK-NuF -51.3861  64.1308 2008-2014 7y Westergaard-Nielsen et al. 2013
76 DK-Sor 11.6446  55.4859 1996-2014 19y Stoy et al. 2013
77 DK-ZaF -20.5545  74.4814 2008-2011 4y Soegaard & Nordstroem 1999
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ID Longitude Latitude Years Reference

78 DK-ZaH -20.5503  74.4732  2000-2014 15y Lund et al. 2012

79 ES-LgS -2.9658 37.0979 2007-2009 3y fluxnet.fluxdata.org
80 ES-Ln2 -3.4758 36.9695 2009-2009 1y fluxnet.fluxdata.org
81 FI-Hyy 24.295 61.8475 1996-2014 19y Suni et al. 2003

82 FI-Jok 23.5135 60.8986 2000-2003 4y Reichstein et al. 2005
83 FI-Lom 24.2092  67.9972 2007-2009 3y fluxnet.fluxdata.org
84 FI-Sod 26.6378  67.3619 2001-2014 14y Stoy et al. 2013

85 FR-Fon 2.7801 48.4764 2005-2014 10y Bazotetal. 2013

86 FR-Gri 1.9519 48.8442  2004-2013 10y Loubet et al. 2011
87 FR-LBr -0.7693 44.7171  1996-2008 13y Stoy et al. 2013

88 FR-Pue 3.5958 43.7414 2000-2014 15y Rambal et al. 2004
89 GF-Guy -52.9249 5.2788  2004-2014 11y Bonal et al. 2008

90 IT-BCi 149574  40.5238 2004-2014 11y Reichstein et al. 2003
91 IT-CA1l 12.0266  42.3804 2011-2014 4y fluxnet.fluxdata.org
92 IT-CA2 12.026 42.3772  2011-2014 4y fluxnet.fluxdata.org
93 IT-CA3 12.0222 42.38 2011-2014 4y fluxnet.fluxdata.org
94 IT-Col 13.5881  41.8494 1996-2014 19y Stoy et al. 2013

95 IT-Cp2 12.3573  41.7043 2012-2014 3y fluxnet.fluxdata.org
96 IT-Cpz 12.3761  41.7052 1997-2009 13y Wei et al. 2014

97 IT-Isp 8.6336 45.8126 2013-2014 2y fluxnet.fluxdata.org
98 1IT-La2 11.2853  45.9542  2000-2002 3y fluxnet.fluxdata.org
99 IT-Lav 11.2813  45.9562 2003-2014 12y fluxnet.fluxdata.org
100 IT-MBo 11.0458  46.0147 2003-2013 11y Gilmanov et al. 2007
101 IT-Noe 8.1515 40.6061 2004-2014 11y fluxnet.fluxdata.org
102 IT-PT1 9.061 45.2009 2002-2004 3y Stoy etal. 2013

103 IT-Ren 11.4337  46.5869 1998-2013 16y Stoy et al. 2013

104 IT-Rol 11.93 42.4081 2000-2008 9y Rey et al. 2002

105 IT-Ro2 11.9209  42.3903 2002-2012 11y Tedeschi et al. 2006
106 IT-SR2 10.291 43.732  2013-2014 2y fluxnet.fluxdata.org
107 IT-SRo 10.2844  43.7279 1999-2012 14y Reichstein et al. 2005
108 IT-Tor 7.5781 45.8444 2008-2014 7y Galvagno et al. 2013

109 JP-MBF 142.3186  44.3869 2003-2005 3y fluxnet.fluxdata.org
110 JP-SMF 137.0788 35.2617 2002-2006 5y fluxnet.fluxdata.org

111 NL-Hor 5.0713 52.2404 2004-2011 8y Sulkava et al. 2011
112 NL-Loo 5.7436 52.1666 1996-2013 18y Gash & Dolman 2003
113 NO-Adv 15.923 78.186  2011-2014 4y fluxnet.fluxdata.org
114 NO-Blv 11.8311 78.9216  2008-2009 2y fluxnet.fluxdata.org

115 RU-Che 161.3414  68.613  2002-2005 4y Merbold et al. 2009
116 RU-Cok 147.4943  70.8291 2003-2014 12y Stoy et al. 2013
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ID Longitude Latitude Years Reference

117 RU-Fyo 32.9221 56.4615 1998-2014 17y Stoy et al. 2013

118 RU-Hal 90.0022 54.7252  2002-2004 3y Belelli Marchesini et al. 2007
119 SD-Dem 30.4783 13.2829  2005-2009 5y Sjostrom et al. 2009

120 SN-Dhr -15.4322  15.4028 2010-2013 4y Tagesson et al. 2015

121 US-AR1 -99.42 36.4267 2009-2012 4y doi:10.17190/AMF/1246137
122 US-AR2 -99.5975  36.6358  2009-2012 4y doi:10.17190/AMF/1246138
123 US-ARb -98.0402  35.5497  2005-2006 2y doi:10.17190/AMF/1246025
124 US-ARc -98.04 35.5465 2005-2006 2y doi:10.17190/AMF/1246026
125 US-ARM -97.4888  36.6058 2003-2012 10y doi:10.17190/AMF/1246027
126 US-Blo -120.6328 38.8953  1997-2007 11y doi:10.17190/AMF/1246032
127 US-Cop -109.3900 38.0900 2001-2007 7y doi:10.17190/AMF/1246129
128 US-GBT -106.2397  41.3658 1999-2006 8y Zeller & Hehn 1996

129 US-GLE -106.2399  41.3665 2004-2014 11y doi:10.17190/AMF/1246056
130 US-Hal -72.1715  42.5378 1991-2012 22y doi:10.17190/AMF/1246059
131 US-KS2 -80.6715  28.6086  2003-2006 4y doi:10.17190/AMF/1246070
132 US-Los -89.9792  46.0827 2000-2014 15y doi:10.17190/AMF/1246071
133 US-Mel -121.5000 44.5794  2004-2005 2y doi:10.17190/AMF/1246074
134 US-Me2 -121.5574 44.4523 2002-2014 13y doi:10.17190/AMF/1246076
135 US-Meb6 -121.6078  44.3233  2010-2014 5y doi:10.17190/AMF/1246128
136 US-MMS -86.4131  39.3232  1999-2014 16y doi:10.17190/AMF/1246080
137 US-Myb -121.7651 38.0498 2010-2014 5y doi:10.17190/AMF/1246139
138 US-Nel -96.4766  41.1651 2001-2013 13y doi:10.17190/AMF/1246084
139 US-Ne2 -96.4701  41.1649 2001-2013 13y doi:10.17190/AMF/1246085
140 US-Ne3 -96.4397  41.1797 2001-2013 13y doi:10.17190/AMF/1246086
141 US-NR1 -105.5464 40.0329  1998-2014 17y doi:10.17190/AMF/1246088
142 US-ORv -83.0183  40.0201 2011-2011 1y doi:10.17190/AMF/1246135
143 US-PFa -90.2723 459459  1995-2014 20y doi:10.17190/AMF/1246090
144 US-Prr -147.4876  65.1237  2010-2013 4y doi:10.17190/AMF/1246153
145 US-SRG -110.8277 31.7894  2008-2014 7y doi:10.17190/AMF/1246154
146 US-SRM  -110.8661 31.8214 2004-2014 11y doi:10.17190/AMF/1246104
147 US-Syv -89.3477  46.2420 2001-2014 14y doi:10.17190/AMF/1246106
148 US-Ton -120.966  38.4316 2001-2014 14y doi:10.17190/AMF/1245941
149 US-Twl -121.6469 38.1074 2012-2014 3y doi:10.17190/AMF/1246147
150 US-Tw2 -121.6433  38.1047 2012-2013 2y doi:10.17190/AMF/1246148
151 US-Tw3 -121.6467 38.1159 2013-2014 2y doi:10.17190/AMF/1246149
152 US-Tw4 -121.6414 38.1030 2013-2014 2y doi:10.17190/AMF/1246151
153 US-Twt -121.6530 38.1087 2009-2014 6y doi:10.17190/AMF/1246140
154 US-UMB -84.7138  45.5598  2000-2014 15y doi:10.17190/AMF/1246107
155 US-UMd -84.6975  45.5625 2007-2014 8y doi:10.17190/AMF/1246134
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156 US-Var -120.9507 38.4133  2000-2014 15y doi:10.17190/AMF/1245984
157 US-WCr -90.0799  45.8059 1999-2014 16y doi:10.17190/AMF/1246111
158 US-Whs -110.0522  31.7438 2007-2014 8y doi:10.17190/AMF/1246113
159 US-Wi0 -91.0814  46.6188 2002-2002 1y doi:10.17190/AMF/1246116
160 US-Wi3 -91.0987  46.6347  2002-2004 3y doi:10.17190/AMF/1246118
161 US-Wi4 -91.1663  46.7393  2002-2005 4y doi:10.17190/AMF/1246019
162 US-Wi6 -91.2982  46.6249  2002-2003 2y doi:10.17190/AMF/1246121
163 US-Wi9 -91.0814  46.6188  2004-2005 2y doi:10.17190/AMF/1246024
164 US-Wkg -109.9419  31.7365 2004-2014 11y doi:10.17190/AMF/1246112
165 ZA-Kru 31.4969  -25.0197 2000-2010 11y King et al. 2003

166 ZM-Mon 23.2528  -15.4378 2000-2009 10y King et al. 2003
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Table S2. Gridded observed precipitation products used for comparison of annual totals to
FLUXNET2015 observations in Figure 2. Time span is “entire” if the data cover the range
Jan1991-Dec2014, which is the maximum span of FLUXNET2015.

Product Time Span Resolution Primary Reference

GPCP 2.2 Entire 2.5° Adler et al. (2003)

1DD 1.2 Oct 1996 onward 1° Huffman et al. (2001)
MSWEP 1.0 Entire 0.25° Beck et al. (2017)

CPC-Uni Entire 0.5° Xie et al. (2007)

U.Del 4.01 Entire 1° Matsuura and Willmott (2014)
TRMM 3B43 v7  Jan 1998 onward 0.25° Huffman et al. (2007)
WFDEI-CRU Entire 0.5° Weedon et al. (2011)
WFDEI-GPCC Entire 0.5° Weedon et al. (2011)
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Figure S1: As in the bottom row of Fig 2, where “MERRA-2 Corrected” is the same as the
panel labeled “MERRA-2” in Fig 2, but “MERRA-2 Model Physics” is the predicted
precipitation rate from the GCM without correction. MERRA is also shown for comparison.
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Figure S2: Scatter of annual mean 2m air temperature at FLUXNET2015 sites (abscissa)
to multi-decade climatologies (ordinate; number of years given in upper left of each panel)
from offline LSM simulations (top row), coupled LSM+GCM simulations (middle row) or
reanalyses constrained by data assimilation (bottom row) using the value from the grid
box containing the FLUXNET2015 site location (unless data are missing or indicated to be
an all-ocean grid box). Dash-dotted diagonal grey line indicates X=Y. Colors indicate years
of available data from each FLUXNET2015 site, whiskers span range of annual totals from
FLUXNET2015 (horizontal) or models (vertical) for all available years. Purple line is the
best-fit linear regression of Y on X. Statistics are explained in the main text.
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Figure S3: As in Fig S2 for 2m specific humidity.
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Figure S4: As in Fig S2 for downward shortwave radiation at the surface.
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Figure S5: As in Fig S2 for downward longwave radiation at the surface.
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Figure S6: As in Fig S2 for precipitation.
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Figure S7: As in Fig S2 for surface albedo. Insufficient output to calculate albedo was
available from the IFS simulation.
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Figure S8: As in Fig S7 for surface albedo during JJA only. Insufficient output to calculate
albedo was available from the IFS simulation.
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Figure S9: As in Fig S2 for net radiation at the surface (positive downward).
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Figure S10: As in Fig S2 for lifting condensation level.
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Figure S11: As in Fig S2 for latent heat flux (positive upward).
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Figure S12: As in Fig S2 for sensible heat flux (positive upward).
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Figure S13: As in Fig S2 for latent heat flux corrected for surface energy balance closure
(positive upward).
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Figure S14: As in Fig S2 for sensible heat flux corrected for surface energy balance closure
(positive upward).
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Figure S15: As in Fig S2 for the magnitude of the annual cycle (first harmonic calculated
from monthly means) of 2m air temperature.
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Figure S16: As in Fig S15 for 2m specific humidity.
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Figure S17: As in Fig S15 for precipitation.
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Figure S18: As in Fig S15 for near-surface volumetric soil moisture.
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Figure S19: As in Fig S15 for downward shortwave radiation at the surface.
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Figure S20: As in Fig S15 for upward shortwave radiation at the surface.
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Figure S21: As in Fig S15 for downward longwave radiation at the surface.
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Figure S22: As in Fig S15 for net radiation at the surface (positive downward).
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Figure S23: As in Fig S15 for latent heat flux corrected for surface energy balance closure

(positive upward).
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Figure S24: As in Fig S15 for sensible heat flux corrected for surface energy balance closure
(positive upward).
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Figure S25: Scatter of the phase of the annual cycle (calculated from the first harmonic of
monthly means) of 2m air temperature at FLUXNET2015 sites (azimuth) to multi-decade
climatologies (error indicated radially — see below for details); number of years given in
upper left of each panel) from offline LSM simulations (top row), coupled LSM+GCM
simulations (middle row) or reanalyses constrained by data assimilation (bottom row)
using the value from the grid box containing the FLUXNET2015 site location (unless data
are missing or indicated to be an all-ocean grid box). Colors indicate years of available
data from each FLUXNET2015 site.

The arcing whiskers represent the range of observed FLUXNET2015 phases from
individual calendar years, spiraling azimuthally. Model errors are shown radially relative
to three concentric circles. The intermediate circle corresponds to zero bias in the phase.
Radial displacements inward and outward represent model phasing that is respectively too
early or too late, with the innermost and outer circles at minus and plus 6 months in phase
error. Radial whiskers indicate the range of phases represented by the models. When either
set of whiskers for a point intersect the central concentric circle, the model and observed
populations overlap and effectively “span the diagonal” as with Figs 1 and S2-S12.
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Figure S26: As in S25 for 2m specific humidity.
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Figure S27: As in S25 for precipitation.
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Figure S28: As in S25 for near surface volumetric soil moisture.
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Figure S29: As in S25 for downward shortwave radiation at the surface.
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Figure S30: As in S25 for upward shortwave radiation at the surface.
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Figure S31: As in S25 for downward longwave radiation at the surface.
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Figure S32: As in S25 for net radiation at the surface (positive downward).
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Figure S33: As in S25 for latent heat flux corrected for surface energy balance closure

(positive upward).
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Figure S34: As in S25 for sensible heat flux corrected for surface energy balance closure
(positive upward).
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