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Supplementary Information 

 

This Supplementary Information contains the following tables and figures: 

 

Supplementary Table 1. Characteristics of the flux tower sites used in the analysis, giving the   unique 

code for each site (Site ID), latitude, longitude, elevation, calculated aridity index (AI), climate 

classification, vegetation classification, sampling years (recording period) and reference. The climate 

type follows Köppen system, where Aw is tropical savanna, Am is tropical monsoon, BSk is cold 

semi-arid or steppe, BSh is hot semi-arid or steppe, BWh is hot arid desert, Csa is temperate with dry 

hot summer, Cfa is temperate with no dry season and hot summer, Cfb is temperate with no dry season 

and warm summer, Cwa is temperate with dry winter and hot summer, Dfc is continental with no dry 

season and cold summer, Dwb is continental with dry winter and warm summer, Dfb is continental 

with no dry season and warm summer, and ET is polar tundra. The ecosystem type is based on the 

International Geosphere–Biosphere Programme (IGBP) definition, where ENF is evergreen needleaf 

forest, DBF is deciduous broadleaf forest, EBF is evergreen broadleaf forest,  MF is mixed forest, 

WSA is woody savanna, SAV is savanna, CSH is closed shrubland, OSH is open shrubland, and GRA 

is grassland. 

 

Supplementary Figure 1: Box-plot showing the range of intercept values obtained across all the flux 

tower sites, grouped by aridity class. The black line is the median value, the box is the interquartile 

range and the whiskers show the range, with outliers shown as asterisks. The median value is not 

significantly different from zero. 

 

Supplementary Figure 2: Values of the fitted maximum β(θ) ratio (the ratio of actual flux-derived to 

modelled well-watered gross primary production) and the critical threshold value of soil moisture for 

all 67 sites used in the analysis, where the intercept is assumed to be zero. The β(θ) ratio and the soil 

water content (swc) are both unitless. Note that the scale above 1 has been compressed for 

visualization purposes. 

 

Supplementary Figure 3: Values of the fitted maximum β(θ) ratio (the ratio of actual flux-derived to 

modelled well-watered gross primary production) and the critical threshold value of soil moisture for 

all 67 sites used in the analysis, where the intercept is assumed to be zero (green line) or not fixed 

(red line). The β(θ) ratio and the soil water content (swc) are both unitless. Note that the scale above 

1 has been compressed for visualization purposes. 
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Supplementary Figure 4: The fitted non-linear regression model of the maximum level (top) and the 

critical threshold (bottom) of the β(θ) ratio (the ratio of observed to predicted gross primary 

production) against the aridity index, where the sites are classified according to vegetation type and 

precipitation phase. 

 

Supplementary Figure 5: The fitted non-linear regression model of the maximum level (top) and the 

critical threshold (bottom) of the β(θ) ratio (the ratio of observed to predicted gross primary 

production) against the aridity index, where the sites are classified according to vegetation type and 

precipitation concentration. 

 

Supplementary Figure 6: The impact of the application of the new soil moisture stress function on 

simulated gross primary production (GPPnew) at flux tower sites classified as arid (aridity index, AI 

>5). The new model is compared to the simulated level of GPP under well-watered conditions 

(GPPww) and to flux-derived values (GPPobs).  

 

Supplementary Figure 7: The impact of the application of the new soil moisture stress function on 

simulated gross primary production (GPPnew) at flux tower sites classified as semi-arid (aridity index, 

AI between 2 and 5). The new model is compared to the simulated level of GPP under well-watered 

conditions (GPPww) and to flux-derived values (GPPobs). 

 

Supplementary Figure 8: The impact of the application of the new soil moisture stress function on 

simulated gross primary production (GPPnew) at flux tower sites classified as humid (aridity index, 

AI <2). The new model is compared to the simulated level of GPP under well-watered conditions 

(GPPww) and to flux-derived values (GPPobs). 

 

Supplementary Figure 9: Comparison of simulated gross primary production including the new soil-

moisture stress function (GPPnew) and the original stress function (GPPv1.0) from Stocker et al. (2020) 

against flux-derived values (GPPobs) at flux tower sites classified as arid (aridity index, AI > 5). 

 

Supplementary Figure 10: Comparison of simulated gross primary production including the new soil-

moisture stress function (GPPnew) and the original stress function (GPPv1.0) from Stocker et al. (2020) 

against flux-derived values (GPPobs) at flux tower sites classified as semi-arid (aridity index, AI = 

between 2 and 5). 

 

Supplementary Figure 11: Comparison of simulated gross primary production including the new soil-

moisture stress function (GPPnew) and the original stress function (GPPv1.0) from Stocker et al. (2020) 

against flux-derived values (GPPobs) at flux tower sites classified as humid (aridity index, AI < 2). 

 

 

  



3 

 

Supplementary Table 1. Characteristics of the flux tower sites used in the analysis, giving the   

unique code for each site (Site ID), latitude, longitude, elevation, calculated aridity index (AI), climate 

classification, vegetation classification, sampling years (recording period) and reference. The climate 

type follows Köppen system, where Aw is tropical savanna, Am is tropical monsoon, BSk is cold 

semi-arid or steppe, BSh is hot semi-arid or steppe, BWh is hot arid desert, Csa is temperate with dry 

hot summer, Cfa is temperate with no dry season and hot summer, Cfb is temperate with no dry season 

and warm summer, Cwa is temperate with dry winter and hot summer, Dfc is continental with no dry 

season and cold summer, Dwb is continental with dry winter and warm summer, Dfb is continental 

with no dry season and warm summer, and ET is polar tundra. The ecosystem type is based on the 

International Geosphere–Biosphere Programme (IGBP) definition, where ENF is evergreen needleaf 

forest, DBF is deciduous broadleaf forest, EBF is evergreen broadleaf forest, MF is mixed forest, 

WSA is woody savanna, SAV is savanna, CSH is closed shrubland, OSH is open shrubland, and GRA 

is grassland.  

 

Site ID 
Latitude 

(°) 

Longitude 

(°) 

Elevation 

(m) 
AI Climate IGBP 

Recording 

period 

Reference 

AR-SLu -33.46 -66.46 507 2.89 BSk MF 2009-2011 Ulke et al. (2015) 

AR-Vir -28.24 -56.19 104 1.02 Cfa ENF 2009-2012 Posse et al. (2016) 

AU-Ade -13.08 131.12 79 1.55 Aw WSA 2007-2009 Beringer et al. (2011b) 

AU-ASM -22.28 133.25 605 6.97 BSh SAV 2010-2013 Cleverly et al. (2013) 

AU-Cpr -34.00 140.59 60 6.36 BSk SAV 2010-2014 Meyer et al. (2015) 

AU-DaP -14.06 131.32 69 1.80 Aw GRA 2007-2013 Beringer et al. (2011a) 

AU-DaS -14.16 131.39 79 1.81 Aw SAV 2010-2014 Hutley et al. (2011) 

AU-Dry -15.26 132.37 175 2.32 Aw SAV 2008-2014 Cernusak et al. (2011) 

AU-Emr -23.86 148.47 175 3.08 BSh GRA 2011-2013 Schroder et al. (2014) 

AU-Gin -31.38 115.71 50 2.93 Csa WSA 2012-2014 Beringer et al. (2016) 

AU-GWW -30.19 120.65 446 5.75 BSh SAV 2013-2014 Prober et al. (2012) 

AU-How -12.49 131.15 35 1.46 Aw WSA 2003-2008 Beringer et al. (2007) 

AU-Lox -34.47 140.66 43 6.32 BSk DBF 2008-2009 Stevens et al. (2011) 

AU-RDF -14.56 132.48 181 2.16 Aw WSA 2011-2013 Bristow et al. (2016) 

AU-Rig -36.65 145.58 151 1.81 Cfb GRA 2011-2014 Beringer et al. (2016) 

AU-Stp -17.15 133.35 229 3.71 BSh GRA 2010-2014 Beringer et al. (2011a) 

AU-TTE -22.29 133.64 551 7.17 BWh GRA 2012-2013 Cleverly et al. (2016) 

AU-Tum -35.66 148.15 1238 1.34 Cfb EBF 2007-2014 Leuning et al. (2005) 

AU-Wac -37.43 145.19 732 1.69 Cfb EBF 2005-2008 Kilinc et al. (2013) 

AU-Whr -36.67 145.03 144 2.39 Cfb EBF 2011-2014 McHugh et al. (2017) 

AU-Wom -37.42 144.09 700 1.75 Cfb EBF 2010-2012 Hinko-Najera et al. (2017) 

AU-Ync -34.99 146.29 127 3.96 BSk GRA 2012-2014 Yee et al. (2015) 

BE-Bra 51.31 4.52 16 0.91 Cfb MF 2007-2014 Carrara et al. (2004) 

BE-Vie 50.30 6.00 486 0.73 Cfb MF 2010-2014 Aubinet et al. (2001) 

BR-Sa3 -3.02 -54.97 172 0.78 Am EBF 2001-2004 Wick et al. (2005) 

CA-Man 55.88 -98.48 261 1.19 Dfc ENF 2003-2008 Dunn et al. (2007) 

CA-NS4 55.91 -98.38 252 1.19 Dfc ENF 2002-2005 Chu et al. (2021) 

CA-SF3 54.09 -106.01 544 1.41 Dfc OSH 2002-2006 Chu et al. (2021) 

CH-Fru 47.12 8.54 972 0.71 Cfb GRA 2007-2014 Imer et al. (2013) 

CH-Oe1 47.29 7.73 454 0.80 Cfb GRA 2003-2008 Ammann et al. (2009) 

CN-Du2 42.05 116.28 1321 2.70 Dwb GRA 2006-2008 Chen et al. (2009) 

CN-HaM 37.37 101.18 4032 2.34 ET GRA 2002-2004 Kato et al. (2006) 

CZ-BK2 49.49 18.54 844 0.78 Dfb GRA 2004-2006 NA 
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DE-Gri 50.95 13.51 380 1.18 Cfb GRA 2010-2014 Prescher et al. (2010) 

DE-RuR 50.62 6.30 514 0.78 Cfb GRA 2011-2014 Post et al. (2015) 

ES-LgS 37.10 -2.97 2271 2.88 Csa OSH 2007-2009 Reverter et al. (2010) 

ES-Ln2 36.97 -3.48 2215 3.84 Csa OSH 2009-2009 Serrano-Ortiz et al. (2011) 

FI-Hyy 61.85 24.29 177 0.87 Dfc ENF 2010-2014 Suni et al. (2003) 

FR-Fon 48.48 2.78 93 1.39 Cfb DBF 2007-2013 Delpierre et al. (2015) 

FR-LBr 44.72 -0.77 63 1.10 Cfb ENF 2003-2008 Berbigier et al. (2001) 

FR-Pue 43.74 3.60 269 1.57 Csa EBF 2003-2007 Rambal et al. (2004) 

IT-Col 41.85 13.59 1549 1.35 Cfa DBF 2007-2014 Valentini et al. (1996) 

IT-Cp2 41.70 12.36 3 1.73 Csa EBF 2012-2014 Fares et al. (2014) 

IT-MBo 46.01 11.05 1549 1.18 Dfb GRA 2007-2013 Marcolla et al. (2011) 

IT-Noe 40.61 8.15 29 2.26 Csa CSH 2004-2008 Papale et al. (2014) 

IT-SRo 43.73 10.28 3 1.34 Csa ENF 2003-2008 Chiesi et al. (2005) 

IT-Tor 45.84 7.58 2164 0.63 Dfc GRA 2008-2014 Galvagno et al. (2013) 

NL-Hor 52.24 5.07 1 0.84 Cfb GRA 2006-2011 Jacobs et al. (2007) 

RU-Fyo 56.46 32.92 268 0.97 Dfb ENF 2010-2014 Kurbatova et al. (2008) 

RU-Ha1 54.73 90.00 453 1.11 Dfc GRA 2002-2004 Marchesini et al. (2007) 

US-AR1 36.43 -99.42 612 2.49 Cfa GRA 2009-2012 Chu et al. (2021) 

US-AR2 36.64 -99.60 645 2.61 BSk GRA 2009-2012 Chu et al. (2021) 

US-ARb 35.55 -98.04 423 2.04 Cfa GRA 2005-2006 Fischer et al. (2012) 

US-ARc 35.55 -98.04 423 2.04 Cfa GRA 2005-2006 Fischer et al. (2012) 

US-Cop 38.09 -109.39 1903 3.99 BSk GRA 2002-2007 Bowling et al. (2010) 

US-KS2 28.61 -80.67 2 1.21 Cfa CSH 2003-2006 Powell et al. (2006) 

US-PFa 45.95 -90.27 471 1.02 Dfb MF 2010-2014 Desai et al. (2015) 

US-SRG 31.79 -110.83 1293 5.08 BSk GRA 2008-2014 Scott et al. (2015a) 

US-SRM 31.82 -110.87 1113 5.02 BSk WSA 2008-2014 Scott et al. (2009) 

US-Syv 46.24 -89.35 544 1.01 Dfb MF 2010-2014 Desai et al. (2005) 

US-Ton 38.43 -120.97 174 2.23 Csa WSA 2003-2007 Baldocchi et al. (2010) 

US-Var 38.41 -120.95 166 2.22 Csa GRA 2008-2014 Ma et al. (2007) 

US-Whs 31.74 -110.05 1372 5.89 BSk OSH 2007-2014 Scott et al. (2015a) 

US-Wi6 46.62 -91.30 354 1.08 Dfb OSH 2002-2003 Noormets et al. (2007) 

US-Wkg 31.74 -109.94 1515 6.34 BSk GRA 2007-2014 Scott et al. (2010) 

ZA-Kru -25.02 31.50 357 2.69 Cwa SAV 2005-2010 Archibald et al. (2009) 

ZM-Mon -15.44 23.25 1087 2.18 Aw DBF 2003-2008 Merbold et al. (2009) 
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Supplementary Figure 1: Box-plot showing the range of intercept values obtained across all the flux 

tower sites, grouped by aridity class. The black line is the median value, the box is the interquartile 

range and the whiskers show the range, with outliers shown as asterisks. The median value is not 

significantly different from zero. 
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Supplementary Figure 2: Values of the fitted maximum β(θ) ratio (the ratio of actual flux-derived 

to modelled well-watered gross primary production) and the critical threshold value of soil moisture 

for all 67 sites used in the analysis, where the intercept is assumed to be zero. The βθ ratio and the 

soil water content (swc) are both unitless. Note that the scale above 1 has been compressed for 

visualization purposes. 
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Supplementary Figure 3: Values of the fitted maximum β(θ) ratio (the ratio of actual flux-derived 

to modelled well-watered gross primary production) and the critical threshold value of soil moisture 

for all 67 sites used in the analysis, where the intercept is assumed to be zero (green line) or not fixed 

(red line). The βθ ratio and the soil water content (swc) are both unitless. Note that the scale above 1 

has been compressed for visualization purposes. 
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Supplementary Figure 4: The fitted non-linear regression model of the maximum level (top) and 

the critical threshold (bottom) of the β(θ) ratio (the ratio of observed to predicted gross primary 

production) against the aridity index, where the sites are classified according to vegetation type and 

precipitation phase. 
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Supplementary Figure 5: The fitted non-linear regression model of the maximum level (top) and 

the critical threshold (bottom) of the β(θ) ratio (the ratio of observed to predicted gross primary 

production) against the aridity index, where the sites are classified according to according to 

vegetation type and precipitation concentration. 
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Supplementary Figure 6: The impact of the application of the new soil moisture stress function on 

simulated gross primary production (GPPnew) at flux tower sites classified as arid (aridity index, AI 

>5). The new model is compared to the simulated level of GPP under well-watered conditions 

(GPPww) and to flux-derived values (GPPobs).  
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Supplementary Figure 7: The impact of the application of the new soil moisture stress function on 

simulated gross primary production (GPPnew) at flux tower sites classified as semi-arid (aridity 

index, AI between 2 and 5). The new model is compared to the simulated level of GPP under well-

watered conditions (GPPww) and to flux-derived values (GPPobs). 
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Supplementary Figure 8: The impact of the application of the new soil moisture stress function on 

simulated gross primary production (GPPnew) at flux tower sites classified as humid (aridity index, 

AI <2). The new model is compared to the simulated level of GPP under well-watered conditions 

(GPPww) and to flux-derived values (GPPobs). 
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Figure 8 (continued) 
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Supplementary Figure 9: Comparison of simulated gross primary production including the new soil-

moisture stress function (GPPnew) and the original stress function (GPPv1.0) from Stocker et al. (2020) 

against flux-derived values (GPPobs) at flux tower sites classified as arid (aridity index, AI > 5). 
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Supplementary Figure 10: Comparison of simulated gross primary production including the new 

soil-moisture stress function (GPPnew) and the original stress function (GPPv1.0) from Stocker et al. 

(2020) against flux-derived values (GPPobs) at flux tower sites classified as semi-arid (aridity index, 

AI = between 2 and 5). 

  



20 

 

 
Supplementary Figure 11: Comparison of simulated gross primary production including the new 

soil-moisture stress function (GPPnew) and the original stress function (GPPv1.0) from Stocker et al. 

(2020) against flux-derived values (GPPobs) at flux tower sites classified as humid (aridity index, AI 

< 2). 
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Figure 11 (continued) 

 

 


