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S1. Flux tower data 13 

Table S1: Observational data used to constrained the weighting and/or validate DOLCE V2. Site data was 14 

accessed during July – November, 2019. Data source includes Ameriflux (ameriflux.lbl.gov), the 15 

Atmospheric Radiation Measurement (ARM; arm.gov), AsiaFlux (asiaflux.net), European Fluxes Database 16 

(europe-fluxdata.eu), Fluxnet 2015, LaThuile Free Fair Use (fluxnet.fluxdata.org), Oak Ridge data 17 

repository (daac.ornl.gov), OzFlux (ozflux.org.au) and individual site principal investigators (PI). 18 

 19 

Site ID Country Longitude Latitude Data source Reference 

AR-SLu Argentina -66.4598 -33.4648 Fluxnet 2015 (Cleverly et al., 2013) 

AT-Neu Austria 11.3175 47.11667 Fluxnet 2015 (Cleverly et al., 2013) 

AU-Ade Australia 131.1178 -13.0769 Fluxnet 2015 (Beringer, 2013a)  

AU-ASM Australia 133.249 -22.283 Fluxnet 2015 (Cleverly et al., 2013) 

AU-Cum Australia 150.7225 -33.6133 Fluxnet 2015 (Pendall, 2015) 

AU-CPr Australia 140.5891 -34.0021 OzFlux (Calperum Tech, 2013) 

AU-CTr Australia 145.4469 -16.1032 OzFlux (Liddell, 2013a ) 

AU-DaS Australia 131.388 -14.1593 Fluxnet 2015 (Isaac, 2010) 

AU-Dry Australia 132.3706 -15.2588 Fluxnet 2015 (Beringer, 2013b) 

AU-Emr Australia 148.4746 -23.8587 Fluxnet 2015 (Schroder, 2014) 

AU-Fog Australia 131.3072 -12.5452 Fluxnet 2015 (Beringer, 2013c)  

AU-How Australia 131.1523 -12.4943 OzFlux (Andrykanus, 2012)  

AU-Gin Australia 115.65 -31.375 Fluxnet 2015 (Silberstein, 2015) 

AU-
GWW Australia 120.6542 -30.1914 OzFlux (Macfarlane, 2013)  

AU-Lox Australia 140.6551 -34.4704 Fluxnet 2015 (Ewenz, 2015) 
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AU-RDF Australia 132.4776 -14.5636 Fluxnet 2015 (Beringer, 2014a) 

AU-Rig Australia 145.576 -36.656 Fluxnet 2015 (Beringer, 2014a) 

AU-Rob Australia 145.6302 -17.1174 Fluxnet 2015 (Liddell, 2013b) 

AU-Stp Australia 133.3503 -17.1508 Fluxnet 2015 (Beringer, 2013d)  

AU-TTE Australia 133.64 -22.287 Fluxnet 2015 (Cleverly, 2013) 

AU-Tum Australia 148.1516 -35.6566 Fluxnet 2015 (Woodgate, 2013)  

      
AU-Ync Australia 146.2907 -34.9893 OzFlux (Beringer, 2013e)  

AU-Wac Australia 145.1873 -37.429 Fluxnet 2015 (Beringer, 2013f) 

AU-Whr Australia 145.0294 -36.6732 OzFlux (Beringer, 2017 ) 

AU-
Wom Australia 144.0944 -37.4222 Fluxnet 2015 (Stefan, 2013) 

BE-Bra Belgium 4.52056 51.30917 Fluxnet 2015 (Stoy et al., 2013) 

BE-Lon Belgium 4.74613 50.55159 Fluxnet 2015 (McCaughey et al., 2006) 

BE-Vie Belgium 5.99805 50.30507 Fluxnet 2015 (Stoy et al., 2013) 

BNS China 101.2653 21.9275 AsiaFlux asiaflux.net 

BR-Ban Brazil -50.1591 -9.82442 Oak Ridge (Saleska et al., 2013) 

BR-Ji1 Brazil -62.3572 -10.7618 Oak Ridge (Saleska et al., 2013) 

BR-Ji3 Brazil -61.9331 -10.078 Oak Ridge (Saleska et al., 2013) 

BR-Ma2 Brazil -60.2091 -2.609 Oak Ridge (Saleska et al., 2013) 

BR-Sa1 Brazil -54.959 -2.857 Oak Ridge (Saleska et al., 2013) 

BR-Sa3 Brazil -54.9714 -3.01803 LaThuile (Stoy et al., 2013) 

BW-Ma1 Botswana 23.56033 -19.9165 LaThuile (Stoy et al., 2013) 

CA-ARF Canada -83.955 52.7008 AmeriFlux (Euskirchen et al., 2017) 

CA-Ca2 Canada -125.291 49.8705 AmeriFlux (Chen et al., 2006) 

CA-Cbo Canada -79.9333 44.3167 AmeriFlux (Barr et al., 2002) 

CA-Ca3 Canada -124.9 49.5346 AmeriFlux (Chen et al., 2006) 

CA-Let Canada -112.94 49.7093 AmeriFlux (Conte et al., 2003) 

CA-Man Canada -98.4808 55.8796 LaThuile fluxnet.ornl.gov 

CA-Mer Canada -75.5186 45.4094 LaThuile (Lafleur, et al., 2003) 

CA-NS2 Canada -98.5247 55.9058 LaThuile fluxnet.ornl.gov 

CA-NS6 Canada -98.9644 55.9167 LaThuile fluxnet.ornl.gov 

CA-NS7 Canada -99.9483 56.6358 LaThuile fluxnet.ornl.gov 

CA-Ojp Canada -104.692 53.9163 AmeriFlux (Baldocchi et al., 2000) 

CA-Qcu Canada -74.0365 49.2671 LaThuile (Chu et al., 2018)  

CA-Qfo Canada -74.3421 49.6925 Fluxnet 2015 fluxnet.ornl.gov 

CA-SCC Canada -121.299 61.3079 AmeriFlux (Euskirchen et al., 2017) 

CA-SF1 Canada -105.818 54.485 Fluxnet 2015 fluxnet.ornl.gov 

CA-SF3 Canada -106.005 54.0916 Fluxnet 2015 fluxnet.ornl.gov 

CA-TP1 Canada -80.5595 42.6609 AmeriFlux (Arain et al., 2005) 

CA-TP4 Canada -80.3574 42.7102 AmeriFlux (Arain et al., 2005) 

CH-Cha Switzerland 8.41044 47.21022 Fluxnet 2015 fluxnet.ornl.gov 

CH-Dav Switzerland 9.85592 46.81533 Fluxnet 2015 fluxnet.ornl.gov 
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CH-Fru Switzerland 8.53778 47.11583 Fluxnet 2015 fluxnet.ornl.gov 

CH-Oe1 Switzerland 7.73194 47.28583 LaThuile fluxnet.ornl.gov 

CN-Cng China 123.5092 44.5934 Fluxnet 2015 fluxnet.ornl.gov 

CN-Du2 China 116.2836 42.0467 Fluxnet 2015 (Stoy et al., 2013) 

CN-HaM China 101.18 37.37 Fluxnet 2015 (Li et al., 2013) 

CN-QHB China 101.332 37.60743 AsiaFlux asiaflux.net 

CN-QYZ China 115.0663 26.73396 AsiaFlux asiaflux.net 

CZ-BK1 Czech Republic 18.53688 49.50208 
European 
Fluxes DB europe-fluxdata.eu 

CZ-BK2 Czech Republic 18.54285 49.49443 
European 
Fluxes DB europe-fluxdata.eu 

CZ-RAJ Czech Republic 16.69651 49.44372 
European 
Fluxes DB europe-fluxdata.eu 

CZ-Stn Czech Republic 17.9699 49.03598 
European 
Fluxes DB europe-fluxdata.eu 

CZ-wet Czech Republic 14.77035 49.02465 Fluxnet 2015 (Stoy et al., 2013) 

DE-Geb Germany 10.9143 51.1001 Fluxnet 2015 (Revill et al., 2013) 

DE-Hai Germany 10.453 51.07917 Fluxnet 2015 (Ershadi et al., 2014) 

DE-Hte Germany 12.17611 54.21028 
European 
Fluxes DB europe-fluxdata.eu 

DE-Hzd Germany 13.48982 50.96403 
European 
Fluxes DB europe-fluxdata.eu 

DE-Kli Germany 13.52251 50.89288 Fluxnet 2015 (Revill et al., 2013) 

DE-Lkb Czech Republic 13.30467 49.09962 Fluxnet 2015 fluxnet.ornl.gov 

DE-Meh Germany 10.65547 51.27531 LaThuile fluxnet.ornl.gov 

DE-RuR Germany 6.30413 50.62191 Fluxnet 2015 fluxnet.ornl.gov 

DE-Seh Germany 6.44965 50.87062 Fluxnet 2015 fluxnet.ornl.gov 

DE-SfN Germany 11.3275 47.80639 Fluxnet 2015 fluxnet.ornl.gov 

DE-Wet Germany 11.45753 50.4535 LaThuile (Stoy et al., 2013) 

DE-Zrk Germany 12.88901 53.87594 Fluxnet 2015 fluxnet.ornl.gov 

DK-Fou Denmark 9.58722 56.4842 LaThuile (Stoy et al., 2013) 

DK-Ris Denmark 12.09722 55.53028 LaThuile (Gilmanov et al., 2010) 

DK-Sor Denmark 11.64464 55.48587 Fluxnet 2015 (Stoy et al., 2013) 

DK-ZaF Greenland -20.5557 74.4791 Fluxnet 2015 (Soegaard and Nordstroem, 1999) 

ES-ES1 Spain -0.31881 39.34597 LaThuile (Stoy et al., 2013) 

ES-LgS Spain -2.96583 37.09794 Fluxnet 2015 fluxnet.ornl.gov 

ES-LJu Spain -2.75212 36.92659 Fluxnet 2015 fluxnet.ornl.gov 

ES-LMa Spain -5.77336 39.9415 LaThuile (Stoy et al., 2013) 

ES-VDA Spain 1.4485 42.15218 LaThuile (Stoy et al., 2013) 

FI-Hyy Finland 24.295 61.8475 Fluxnet 2015 (Stoy et al., 2013) 

FI-Jok Finland 23.51345 60.8986 Fluxnet 2015 (Reichstein et al., 2005) 

FI-Kaa Finland 27.29503 69.14069 LaThuile (Aurela et al., 2001) 

FI-Kns Finland 24.35617 60.64683 
European 
Fluxes DB europe-fluxdata.eu 

FI-Lom Finland 24.20918 67.9972 Fluxnet 2015 fluxnet.ornl.gov 
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FI-Sod Finland 26.63783 67.36186 Fluxnet 2015 (Stoy et al., 2013) 

FI-Var Finland 29.61 67.7549 
European 
Fluxes DB europe-fluxdata.eu 

FR-Fon France 2.78014 48.4764 LaThuile (Stoy et al., 2013) 

FR-Gri France 1.95191 48.84422 Fluxnet 2015 (Loubet et al., 2011) 

FR-Hes France 7.06556 48.67416 LaThuile (Reichstein et al., 2005) 

FR-LBr France -0.7693 44.71711 Fluxnet 2015 fluxnet.ornl.gov 

FR-Lq1 France 2.73583 45.64306 LaThuile (Gilmanov et al., 2007) 

FR-Lq2 France 2.73703 45.63919 LaThuile (Gilmanov et al., 2007) 

FR-Lus France 0.12065 46.41425 
European 
Fluxes DB europe-fluxdata.eu 

FR-Pue France 3.59583 43.74139 Fluxnet 2015 (Wei et al., 2014) 

GRW Portugal -28.0297 39.0911 ARM (ARM, 2009) 

HFE China 116.782 32.5584 ARM (ARM, 2008) 

HFK S.Korea 127.57 34.55389 AsiaFlux asiaflux.net 

HU-He1 Hungary 16.65222 46.95583 PI (Barcza et al., 2009) 

HU-Bug Hungary 19.6013 46.6911 LaThuile (Stoy et al., 2013) 

HU-Mat Hungary 19.726 47.8469 LaThuile (Stoy et al., 2013) 

ID-Pag Malaysia 114.036 2.345 LaThuile (Hirano et al., 2007) 

IE-Ca1 Ireland -6.91814 52.85879 LaThuile (Stoy et al., 2013) 

IE-Dri Ireland -8.75181 51.98669 LaThuile (Stoy et al., 2013) 

IL-Yat Israel 35.0515 31.345 LaThuile (Reichstein et al., 2003) 

IS-Gun Iceland -20.2167 63.8333 LaThuile fluxnet.ornl.gov 

IT-BCi Italy 14.95744 40.52375 Fluxnet 2015 fluxnet.ornl.gov 

IT-CA3 Italy 12.0222 42.38 Fluxnet 2015 fluxnet.ornl.gov 

IT-Cas Italy 8.71752 45.07005 LaThuile fluxnet.ornl.gov 

IT-Col Italy 13.58814 41.84936 Fluxnet 2015 (Stoy et al., 2013) 

IT-Cpz Italy 12.37611 41.70525 Fluxnet 2015 (Wei et al., 2014) 

IT-Isp Italy 8.63358 45.81264 Fluxnet 2015 fluxnet.ornl.gov 

IT-Lav Italy 11.28132 45.9562 Fluxnet 2015 (Cescatti and Zorer, 2003) 

IT-Lec Italy 11.26975 43.30359 LaThuile (Stoy et al., 2013) 

IT-LMa Italy 7.58259 45.15258 LaThuile fluxnet.ornl.gov 

IT-Mal Italy 11.70334 46.11402 LaThuile (Gilmanov et al., 2007) 

IT-MBo Italy 11.04583 46.01468 Fluxnet 2015 (Gilmanov et al., 2007) 

IT-Noe Italy 8.15146 40.60613 Fluxnet 2015 fluxnet.ornl.gov 

IT-Non Italy 11.09109 44.69019 LaThuile fluxnet.ornl.gov 

IT-PT1 Italy 9.06104 45.20087 Fluxnet 2015 (Stoy et al., 2013) 

IT-Ren Italy 11.43369 46.58686 Fluxnet 2015 (Stoy et al., 2013) 

IT-Ro3 Italy 11.91542 42.37539 
European 
Fluxes DB europe-fluxdata.eu 

IT-SRo Italy 10.28444 43.72786 Fluxnet 2015 fluxnet.ornl.gov 

IT-Tor Italy 7.57806 45.84444 Fluxnet 2015 (Galvagno et al., 2013) 

JP-TKY Japan 137.4231 36.14617 AsiaFlux (Hirata et al., 2008) 

MAO Brazil -60.5981 -3.21297 ARM (ARM, 2014) 
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MMF Japan 142.2613 44.3219 AsiaFlux asiaflux.net 

MN-SKT Mongolia 108.6543 48.35186 AsiaFlux (Hirata et al., 2008) 

MSE Japan 140.0269 36.054 AsiaFlux asiaflux.net 

MX-Lpa Mexico -110.438 24.1293 AmeriFlux (Bell et al., 2012) 

NIM Niger 2.1758 13.4773 ARM (ARM, 2005) 

NL-Ca1 Netherlands 4.927 51.971 LaThuile fluxnet.ornl.gov 

NL-Haa Netherlands 4.80556 52.00361 LaThuile fluxnet.ornl.gov 

NL-Hor Netherlands 5.0713 52.24035 Fluxnet 2015 (Sulkava et al., 2011) 

NL-Loo Netherlands 5.74356 52.16658 Fluxnet 2015 (Gash and Dolman, 2003) 

NL-Mol Netherlands 4.63908 51.65 LaThuile (Gilmanov et al., 2007) 

NO-Adv Norway 15.923 78.186 Fluxnet 2015 fluxnet.ornl.gov 

NSA USA -156.608 71.325 ARM (ARM, 2011) 

NZ-BFu New Zealand 171.9268 -43.5918 OzFlux (Laubach, 2016) 

PL-wet Poland 16.3094 52.7622 LaThuile (stoy et al., 2013) 

PT-Esp Portugal -8.6018 38.6394 LaThuile (stoy et al., 2013) 

PT-Mi1 Portugal -8.00006 38.54064 LaThuile (stoy et al., 2013) 

PT-Mi2 Portugal -8.02455 38.4765 LaThuile (stoy et al., 2013) 

RU-Cok Russia 147.4943 70.82914 Fluxnet 2015 (Stoy et al., 2013) 

RU-Fyo Russia 32.92208 56.46153 Fluxnet 2015 (Stoy et al., 2013) 

RU-Ha1 Russia 90.00215 54.72517 Fluxnet 2015 (Belelli Marchesini et al., 2007) 

RU-Ha2 Russia 89.95664 54.77301 LaThuile (Belelli Marchesini et al., 2007) 

RU-Ha3 Russia 89.07785 54.70455 LaThuile (Belelli Marchesini et al., 2007) 

RU-Zot Russia 89.3508 60.8008 LaThuile (Eugster et al., 2000) 

SD-Dem Sudan 30.4783 13.2829 Fluxnet 2015 fluxnet.ornl.gov 

SE-Deg Sweden 19.55669 64.18197 LaThuile fluxnet.ornl.gov 

SE-Faj Sweden 13.55351 56.26547 LaThuile (Stoy et al., 2013) 

SE-Fla Sweden 19.45694 64.11278 LaThuile (Stoy et al., 2013) 

SE-Nor Sweden 17.4795 60.0865 LaThuile (Stoy et al., 2013) 

SE-Sk2 Sweden 17.84006 60.12967 LaThuile (Stoy et al., 2013) 

SE-Svb Sweden 19.7745 64.25611 
European 
Fluxes DB europe-fluxdata.eu 

SGP USA -96.855 37.521 ARM (ARM, 1997) 

SN-Dhr Senegal -15.4322 15.40278 Fluxnet 2015 fluxnet.ornl.gov 

TWP Australia 130.881 -12.486 ARM (ARM, 2013) 

UK-EBu UK -3.20578 55.866 LaThuile (Stoy et al., 2013) 

UK-ESa UK -2.85861 55.90694 LaThuile (Stoy et al., 2013) 

UK-Gri UK -3.79806 56.60722 LaThuile (Stoy et al., 2013) 

UK-Ham UK -0.8583 51.15353 LaThuile (Stoy et al., 2013) 

UK-LBT UK -0.1389 51.5215 
European 
Fluxes DB europe-fluxdata.eu 

UK-PL3 UK -1.26667 51.45 LaThuile fluxnet.ornl.gov 

UK-Tad UK -2.82864 51.2071 LaThuile fluxnet.ornl.gov 

US-ADR USA -116.693 36.7653 AmeriFlux (Euskirchen et al., 2017) 

US-AR1 USA -99.42 36.4267 Fluxnet 2015 fluxnet.ornl.gov 
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US-AR2 USA -99.5975 36.6358 Fluxnet 2015 fluxnet.ornl.gov 

US-ARc USA -98.0401 35.54649 Fluxnet 2015 (Stoy et al., 2013) 

US-ARM USA -97.4888 36.6058 Fluxnet 2015 (Bagley et al., 2017) 

US-Aud USA -110.51 31.5907 AmeriFlux (Baldocchi et al., 2015) 

US-Bar USA -71.2881 44.0646 LaThuile fluxnet.ornl.gov 

US-Bkg USA -96.8362 44.3453 AmeriFlux (Euskirchen et al., 2017) 

US-Blk USA -103.65 44.158 AmeriFlux (Euskirchen et al., 2017) 

US-Blo USA -120.633 38.8952 Fluxnet 2015 (Reichstein et al., 2003) 

US-Bo1 USA -88.2904 40.0062 LaThuile (Stoy et al., 2013) 

US-Br3 USA -93.6936 41.9747 AmeriFlux (Chu et al., 2018) 

US-Cop USA -109.39 38.09 Fluxnet 2015 fluxnet.ornl.gov 

US-CPk USA -106.119 41.068 AmeriFlux (Chu et al., 2018)  

US-Ctn USA -101.847 43.95 AmeriFlux (Euskirchen et al., 2017) 

US-CZ2 USA -119.257 37.0311 AmeriFlux (Euskirchen et al., 2017) 

US-Dix USA -74.4346 39.9712 AmeriFlux (Chu et al., 2018)  

US-EML USA -149.254 63.8784 AmeriFlux (Belshe et al., 2012) 

US-FPe USA -105.102 48.3077 LaThuile (Ershadi et al., 2014) 

US-FR3 USA -97.99 29.94 AmeriFlux (Euskirchen et al., 2017) 

US-Fuf USA -111.762 35.089 AmeriFlux (Amiro et al., 2010) 

US-GLE USA -106.239 41.3644 Fluxnet 2015 fluxnet.ornl.gov 

US-GMF USA -73.2333 41.9667 AmeriFlux (Chu et al., 2018)  

US-Goo USA -89.8735 34.2547 Fluxnet 2015 fluxnet.ornl.gov 

US-Ha1 USA -72.1715 42.5378 LaThuile (Barford et al., 2001) 

US-Ho2 USA -68.747 45.2091 LaThuile (Wei et al., 2014) 

US-IB2 USA -88.241 41.8406 AmeriFlux (Allison et al., 2005) 

US-Ivo USA -155.75 68.4865 AmeriFlux (Euskirchen et al., 2017) 

US-Kon USA -96.5603 39.0824 AmeriFlux (Antunes et al., 2001) 

US-KS2 USA -80.6715 28.60858 Fluxnet 2015 fluxnet.ornl.gov 

US-KUT USA -93.1863 44.995 AmeriFlux (Euskirchen et al., 2017) 

US-Los USA -89.9792 46.0827 Fluxnet 2015 (Baker et al., 2003) 

US-Me1 USA -121.5 44.5794 Fluxnet 2015 (Irvine & Hibbard, 2007) 

US-Me2 USA -121.557 44.4523 Fluxnet 2015 (Irvine & Hibbard, 2007) 

US-MMS USA -86.4131 39.3231 Fluxnet 2015 (Baldocchi et al., 2001) 

US-MOz USA -92.2 38.7441 LaThuile (Stoy et al., 2013) 

US-Mpj USA -106.238 34.4384 AmeriFlux (Anderson-Teixeira et al., 2011) 

US-MRf USA -123.552 44.6465 AmeriFlux (Chu et al., 2018)  

US-Myb USA -121.765 38.0498 AmeriFlux (Baldocchi et al., 2018) 

US-Ne1 USA -96.4766 41.1651 Fluxnet 2015 fluxnet.ornl.gov 

US-NR1 USA -105.546 40.0329 Fluxnet 2015 (Albert et al., 2017) 

US-Oho USA -83.8438 41.5545 Fluxnet 2015 (Stoy et al., 2013) 

US-PFa USA -90.2723 45.9459 LaThuile (Keppel et al., 2012) 

US-Pon USA -97.1333 36.7667 AmeriFlux (Euskirchen et al., 2017) 

US-Prr USA -147.488 65.1237 Fluxnet 2015 (Ikawa et al., 2015) 
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US-RC1 USA -117.078 46.7837 AmeriFlux (Chi et al, 2017a) 

US-RC3 USA -118.598 46.991 AmeriFlux (Chi et al, 2017a) 

US-RC4 USA -116.949 46.758 AmeriFlux (Chi et al, 2017a) 

US-RC5 USA -119.248 47.01 AmeriFlux (Chi et al, 2017b) 

US-Rls USA -116.736 43.1439 AmeriFlux (Euskirchen et al., 2017) 

US-Ro1 USA -93.0898 44.7143 AmeriFlux (Baker et al., 2003) 

US-SCd USA -116.372 33.6518 AmeriFlux (Euskirchen et al., 2017) 

US-SCf USA -116.772 33.8079 AmeriFlux (Euskirchen et al., 2017) 

US-SCs USA -117.696 33.7343 AmeriFlux (Euskirchen et al., 2017) 

US-Sdh USA -101.407 42.0693 AmeriFlux (Billesbach and Arkebauer, 2004) 

US-Ses USA -106.744 34.3349 AmeriFlux (Anderson-Teixeira et al., 2011) 

US-SFP USA -96.902 43.2408 AmeriFlux (Euskirchen et al., 2017) 

US-Shd USA -96.6833 36.9333 AmeriFlux (Burba et al., 2001) 

US-Skr USA -81.0776 25.3629 AmeriFlux (Barr et al., 2013) 

US-Slt USA -74.596 39.9138 AmeriFlux (Chu et al., 2018)  

US-SP1 USA -82.2188 29.7381 AmeriFlux (Burton et al., 2002) 

US-SP2 USA -82.2448 29.7648 LaThuile (Castro et al., 2000) 

US-SP3 USA -82.1633 29.7548 AmeriFlux (Castro et al., 2000) 

US-SRM USA -110.866 31.8214 AmeriFlux (Barron-Gafford et al., 2013) 

US-Srr USA -122.026 38.2006 AmeriFlux (Chu et al., 2018)  

US-SuW USA -156.491 20.8246 AmeriFlux (Anderson et al., 2015) 

US-Syv USA -89.3477 46.242 Fluxnet 2015 (Chu et al., 2018)  

US-Twt USA -121.652 38.1055 Fluxnet 2015 (Baldocchi et al., 2018) 

US-UMd USA -84.6975 45.5625 AmeriFlux (Chu et al., 2018)  

US-Var USA -120.951 38.4133 Fluxnet 2015 (Baldocchi et al., 2004) 

US-
WBW USA -84.2874 35.9588 LaThuile (Baldocchi et al., 2004) 

US-WCr USA -90.0799 45.8059 Fluxnet 2015 (Baker et al., 2003) 

US-Wdn USA -106.262 40.7838 AmeriFlux (Euskirchen et al., 2017) 

US-Whs USA -110.052 31.7438 AmeriFlux (Biederman, et al., 2016) 

US-Wi4 USA -91.1663 46.7393 LaThuile (Hilton et al.,  2014) 

US-Wi6 USA -91.2982 46.6249 Fluxnet 2015 (Noormets et al., 2007) 

US-Wjs USA -105.862 34.4255 AmeriFlux (Anderson-Teixeira et al., 2011) 

US-Wkg USA -109.942 31.7365 Fluxnet 2015 (Biederman, et al., 2016) 

US-Wrc USA -121.952 45.8205 AmeriFlux (Chu et al., 2018)  

RU-YLF Russia 129.2414 62.255 AsiaFlux asiaflux.net 

RU-YPF Russia 129.6506 62.24139 AsiaFlux asiaflux.net 

ZA-Kru South Africa 31.4969 -25.0197 LaThuile (King et al., 2003) 

ZM-Mon Zambia 23.25278 -15.4378 Fluxnet 2015 (King et al., 2003) 

 20 
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 21 
Figure S1: Location of the 260 sites used to derive and validate DOLCE V2, color-coded by data source. 22 

Data source includes Ameriflux (ameriflux.lbl.gov), the Atmospheric Radiation Measurement (ARM; 23 

arm.gov), AsiaFlux (asiaflux.net), European Fluxes Database (europe-fluxdata.eu), Fluxnet 2015, LaThuile 24 

Free Fair Use (fluxnet.fluxdata.org), Oak Ridge data repository (daac.ornl.gov), OzFlux (ozflux.org.au) and 25 

individual site principal investigators (PI). 26 

 27 
 28 

Figure S2: Error correlation between the participating parent datasets of DOLCE V2 when compared to 29 

in-situ data from 260 sites. Large correlation (>0.5) between two datasets indicates that their errors are 30 

highly dependent. 31 

 32 
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 33 
 34 

Figure S3: Flowchart illustrating the correction steps carried out for every monthly record of observed LE 35 

at the flux tower sites to correct for energy balance non-closure. 36 

 37 

 38 

S2. Global ET datasets 39 

Table S2: Access information and download data of the global ET datasets (also referred to as parent 40 

datasets) used to develop DOLCE V2 and DOLCE V3. 41 

 42 

Dataset Access to data Download date 
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BACI https://doi.org/10.17871/BACI.224 03-10-2019 

ERA5-land https://doi.org/10.24381/cds.e2161bac 05-06-2020 

FLUXCOM-RS https://doi.org/10.17871/FLUXCOM_EnergyFluxes_v1 
LE.RS.EBC-BWR.MLM-ANN.METEO-NONE.4320_2160.monthly 

02-10-2019 

FLUXCOM-MET 
or FLUXCOM-
METa 

https://doi.org/10.17871/FLUXCOM_EnergyFluxes_v1 
LE.RS_METEO.EBC-BWR.MLM-MARS.METEO-GSWP3.720_360.monthly 

02-10-2019 

FLUXCOM-MET 
FLUXCOM-
METb 

https://doi.org/10.17871/FLUXCOM_EnergyFluxes_v1 
LE.RS_METEO.EBC-ALL.MLM-ALL.METEO-CRUNCEP_v8.720_360.monthly 

15-03-2021 

GLEAM3.3A www.GLEAM.eu 02-09-2019 

GLEAM3.3B www.GLEAM.eu 02-09-2019 

GLEAM3.5A www.GLEAM.eu 18-03-2021 

GLEAM3.5B www.GLEAM.eu 18-03-2021 

MOD16 http://files.ntsg.umt.edu/data/NTSG_Products/MOD16/ 
MOD16A2_MONTHLY.MERRA_GMAO_1kmALB/GEOTIFF_0.05degree/ 

01-10-2019 

PML https://data.csiro.au/collections/#collection/CIcsiro:17375v2 09-04-2019 

PLSH http://files.ntsg.umt.edu/data/ET_global_monthly/Global_8kmResolution/ 30-09-2019 

SEBS http://en.tpedatabase.cn/portal/MetaDataInfo.jsp?MetaDataId=249454 09-04-2019 

SRB-GEWEX https://disc.gsfc.nasa.gov/datasets/WC_PM_ET_050_1/summary 01-10-2019 

 43 

 44 

S3. Weighting groups 45 

 46 
Figure S4: Classification of the land into three distinct broad ET regimes according to two aspects of ET, 47 

mean annual total ET and within-year relative variability throughout 1980 – 2018, derived from GLEAM 48 

V3.5a, and using K-means unsupervised classification. 49 

 50 

S4. Bias correction strategies 51 

In DOLCE V1, we showed that part of the success of the weighting approach is due to the bias correction 52 

applied before the weighting. Within each tier, the bias correction is applied simply by adding the mean 53 

difference between a product and tower data uniformly to all values of a product before the weights are 54 

derived – it is constant in space and time for a given product within one tier. The grouping strategies 55 

detailed above examine the effect of considering different bias correction and weighting subgroups 56 

https://doi.org/10.17871/BACI.224
https://doi.org/10.24381/cds.e2161bac
https://doi.org/10.17871/FLUXCOM_EnergyFluxes_v1
https://doi.org/10.17871/FLUXCOM_EnergyFluxes_v1
https://doi.org/10.17871/FLUXCOM_EnergyFluxes_v1
http://www.gleam.eu/
http://www.gleam.eu/
http://www.gleam.eu/
http://www.gleam.eu/
http://files.ntsg.umt.edu/data/NTSG_Products/MOD16/
https://data.csiro.au/collections/#collection/CIcsiro:17375v2
http://files.ntsg.umt.edu/data/ET_global_monthly/Global_8kmResolution/
http://en.tpedatabase.cn/portal/MetaDataInfo.jsp?MetaDataId=249454
https://disc.gsfc.nasa.gov/datasets/WC_PM_ET_050_1/summary
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within each spatiotemporal tier, with groups divided by region (continents, latitudes, or ET regimes) 57 

or/and seasons. As an alternative to the grouping strategies, we also investigate if deriving a spatially 58 

varying bias correction within each tier could further improve the weighting. A spatially varying bias 59 

correction might better capture the performance deficiencies of each the parent datasets. 60 

 61 

To derive a global bias correction for a particular parent dataset within each tier, we first compute the 62 

mean bias at each flux tower site across all the time records within the tier. We then assign those ET 63 

bias values, or bias field, to the grid cells containing the sites. Finally, using the bias values at these grid 64 

cells, we extrapolate the bias field spatially to the entire global land domain within the tier using several 65 

different extrapolation strategies, including inverse distance weighting (IDW), local polynomial 66 

interpolation and nearest neighbourhood. As with the different weighting groups, we test the 67 

effectiveness of each approach using out-of-sample tests. The hybrid ET estimates derived by 68 

implementing spatially varying bias correction strategies failed to outperform the parent datasets in the 69 

out-of-sample site tests. Figure S5 shows the results of out-of-sample tests for the bias correction 70 

approach that uses IDW.  71 



12 
 

 72 
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Figure S5: Results of the out-of-sample test across five metrics of performance, (a) RMSE, (b) Correlation 73 

(c) Standard deviation difference , (d) Mean absolute deviation , and (e) Median absolute deviation. Box 74 

plots represent spread over 1000 different selections of out-of-sample sites. The yellow box plot 75 

represents the performance results of weighting using IDW bias correction strategy, while the purple 76 

boxplots represent performance results of the parent datasets. 77 

 78 

S5. Performance of weighting group strategies 79 

The results of out-of-sample performance of different grouping strategies (including no grouping) 80 

against the 11 parent datasets of DOLCE V2 (left column) are presented in Fig. S6. The performance 81 

results across all 1000 different random site samples are shown in a boxplot for each clustering method 82 

(yellow), non-clustered weighting (as per DOLCE V1, in magenta, labelled NO.GROUPING), and each 83 

parent dataset (purple). The hybrid ET estimates derived from grouped weighting are labelled 84 

LAT.ZONES, CONTINENTS, SEASONS, MONTHS, and HEMISPHERE, following the grouping approaches 85 

outlined above. The plots in the left column show that overall, the hybrid ET estimates outperform their 86 

11 parent datasets across all the performance metrics and in all clustering settings. To highlight the 87 

differences between the grouping strategies, we magnify the leftmost section of these plots in the right 88 

column of Fig. S6, and we also show in red the median value of each boxplot. Results only change 89 

slightly across the grouping approaches, with the best results achieved by grouping weights by months. 90 

Despite the relatively small improvement offered by this strategy at the out-of-sample sites over the 91 

other grouping strategies, we derive DOLCE V2 (Hobeichi, 2020) by applying a grouped weighting by 92 

months. We recall that in this approach, the observational and gridded ET data are split into two groups, 93 

one covering the period June – November and the other covering December – May. Weighting and bias 94 

correction is then implemented in each group separately for each tier to create the subsets from which 95 

the hybrid ET product is derived. 96 
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 97 
Figure S6: Results of the out-of-sample test across five metrics of performance, (a) RMSE, (b) Correlation 98 

(c) Standard deviation difference , (d) Mean absolute deviation , and (e) Median absolute deviation. Box 99 

plots represent spread over 1000 different selections of out-of-sample sites. Different clustering 100 

methods (yellow) include:  no clustering (NO.GROUPING; shown in magenta and horizontal dashed 101 

lines), by latitude (LATZONES), by continents (CONTINENTS), by seasons (SEASONS), by months 102 

(MONTHS), and by hemisphere (HEMISPHERE), the red text marks the median values. Performance 103 

comparison with each of the parent datasets is shown in purple. 104 

 105 
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The box plots in Fig. S7 show the ratio 
Uncertaintyin−sample

Uncertaintyout−sample,
  obtained across the different grouping 106 

techniques. Each boxplot represents this ratio from all sites out of sample and shows that over half of 107 

the data, the ratio ranges between 0.83 and 1.51, with a median very close to 1. This confirms that, 108 

overall, when the uncertainty estimates are computed out of sample, they are very similar to what they 109 

would have been if they were computed in sample. Also, the fact the shift in ratio is mostly towards 110 

values bigger than 1 rather than smaller than 1 indicates that Uncertainty
in−sample

 is greater than 111 

Uncertainty
out−sample

 so that uncertainty is overestimated rather than underestimated. Interestingly, 112 

the lower (0.86) and upper (1.46) quartiles achieved by grouping weighting by months are the closest to 113 

1 than the other grouping techniques. This suggests that overall, grouping weighting by months is able 114 

to derive slightly more robust uncertainty estimates than the other techniques. 115 

 116 

 117 

Figure S7: Box and whisker plots displaying the ratio 
𝑈𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦𝑖𝑛−𝑠𝑎𝑚𝑝𝑙𝑒

𝑈𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦𝑜𝑢𝑡−𝑠𝑎𝑚𝑝𝑙𝑒,
 , computed for each site using 118 

the clustering methods defined in Sect. 2.2.4. Labeling and colors are as in Fig. S6. Red text marks the 119 
value of the upper quantile (75%) and lower quantile (25%).  120 

 121 
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 122 
Figure S8: Results of the out-of-sample test comparing DOLCE V3 with DOLCE V2.1 (both in yellow) and 123 

each of its parent datasets (purple) across five metrics of performance, RMSE, Correlation, Standard 124 

deviation difference ,  Mean absolute deviation , and  Median absolute deviation. Box plots represent 125 

spread over 1000 different selections of out-of-sample sites.  126 

 127 

 128 

S6. Comparison of DOLCE V3 with its parent datasets 129 

 130 
Figure S9: Spatial distribution of differences in ET climatology between DOLCE V3 and each of its parent 131 

datasets and DOLCE V2. Different spatiotemporal masks are applied for each comparison based on the 132 

spatiotemporal coverage of DOLCE V3 and the other datasets. 133 
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S7. Performance of DOLCE V2 at flux sites 134 

 135 

 136 
Figure S10: Taylor Diagram displaying two statistical metrics i.e., correlation and standard deviation of 137 

DOLCE V2 relative to normalised observational data presented by a hollow point (reference point) at 138 

one unit on the x-axis. Statistics points are color-coded by the land cover of the sites they represent. 139 

Land covers at the site locations are based on land cover maps from the European Space Agency (ESA; 140 
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http://www.esa.int/). All broadleaved and needleleaved tree covers were combined together in a single 141 

land cover ‘Tree cover broadleaved/needleleaved’. 142 

 143 

 144 
 145 

Figure S11: Taylor Diagram displaying two statistical metrics i.e., correlation and standard deviation of 146 

DOLCE V2 relative to normalised observational data presented by a hollow point (reference point) at 147 

one unit on the x-axis. Blue points represent sites whose land types match the dominant land types of 148 

the underlying grid-cells; green points represent sites whose land types cover more than 25% of the 149 

underlying grid-cells without being the dominant land cover at these grid-cells; and pink points 150 

representing sites whose land types covers less than 25% of the underlying grid-cells. Land cover types 151 

at the sites’ footprint and the underlying grid-cells are determined based on land cover maps from the 152 

European Space Agency. 153 

 154 

S8. Comparison of DOLCE V2 with DOLCE V1 and Conserving 155 

Land Atmosphere Synthesis Suite (CLASS-ET) 156 

Table S3: Area weighted mean ET (𝑊𝑚−2) computed for DOLCE V2, DOLCE V1 and CLASS-ET and 157 

averaged over each of Africa, Australia, Eurasia, North America, South America and the global land 158 

excluding Antractica. The differences between DOLCE V2 and each of DOLCE V1 and CLASS-ET are shown 159 

in columns 5 and 6 respectively. 160 

 DOLCE V2 DOLCE V1 CLASS DOLCE V2 – DOLCE V1 DOLCE V2 – CLASS 

Africa 40.1 35.8 36.3 4.3 3.8 

http://www.esa.int/
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Australia 25.4 23 26.1 2.4 -0.7 

Eurasia 29.3 28 27.7 1.3 1.6 

North America 33.2 30.5 31.1 2.7 2.1 

South America 73.3 68.3 71.2 5 2.1 

Global land 
excluding 
Antarctica 

38.4 35.7 36.3 2.7 2.1 

 161 

S9. ET regimes 162 

Table S4: List of 6 ET regimes identified by unsupervised learning. Second column shows the 163 

abbreviation given to each regime. Third and fourth columns display the statistics of the class’s centroid: 164 

Yearly ET total climatology (column 3) and relative within-year standard deviation of monthly ET 165 

climatology (column 4). 166 

Regime description Regime abbreviation Yearly ET total 
climatology (mm) 

Relative standard 
deviation (%)  

Very low ET with high variability V.L.ET, H.variability 60 10.5 

Low ET with high variability L.ET, H.variability 250.8 8.7 

Mild low ET with medium 
variability 

M.L.ET, M.variability 
435.4 7.2 

Mild high ET with medium 
variability  

M.H.ET, M.variability 
680.3 4.7 

High ET with low variability  H.ET, L.variability 973.7 2.7 

Very high ET with low variability  V.H.ET, L.variability 1408.2 0.9 

 167 

  168 
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