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SUPPLEMENTARY INFORMATION 1 

 2 
Fig. S1 | Sensitivtiy of ψcrit on plant traits across two contrasting soil textures (clay in blue and loamy sand in green) 3 
for two root lengths (the reference one used for the simulations of Fig2 and one with 5 times less roots). ψx* is the plant 4 
water potential threshold at which plant conductance drops (e.g. due to cavitation). A key variable to explain the sensitivity of 5 
ψcrit to soil texture is: -Tpot/Kplant - ψx*. When it is low (< ca. 1 MPa), plants limit transpiration and there are no effects of soil 6 
texture on ψcrit. The effects of soil texture are visible when -Tpot/Kplant - ψx* > 1 MPa. 7 

 8 
Fig. S2 | Sensitivity of of ψcrit on the effective root length Lroot. Changing Lroot from 10 to 1e+10 cm m-2 (titles to each panel) 9 
results in variable soil texture dependence of ψcrit, i.e. it shows how extraordinary root lengths (~ Lroot inf.) result in simulated 10 
ψcrit being independent from soil texture and converging towards the plant water potential threshold (ψx*), see also Fig.1d and 11 
Fig. S3. 12 



 

 

 13 
Fig. S3 | Sensitivity of θcrit on the effective root length Lroot. Changing Lroot from 10 to 1e+10 cm m-2 (titles to each panel) 14 
shows how well simulated θcrit fit to observed θcrit (particularly bad for short roots). See also Fig. S2 for comparison. 15 

Table S1 | Hydraulic properties of the soil textural classes used for the calculations of the critical water content θcrit. 16 
Saturated θsat and residual water content θres, shape parameter l, and air-entry value hb according to the Brooks and Corey 17 
model were chosen from 77. The power-law exponent of the conductivity function τ was set to τ = 3l+2. For the saturated 18 
hydraulic conductivity Ksat, the values of 77, Ksat

a, and 78, Ksat
b, are listed. For the simulations of θcrit, data from 78 were used 19 

due to the larger data set and given that variation of Ksat were provided (missing in 77). Note that 77 did not list silt soil textural 20 
class and we chose the same values as for silt loam (as it is proposed in Hydrus software). 21 

  θsat θres l τ hb Ksata Ksatb     

Soil Textural Class [cm3 cm-3] 
[cm3 cm-

3] [-] [-] [cm] [cm h-1] [cm h-1] 

No. of 
fluxnet 
sites per 
class 

No. of 
sapfluxnet 
sites per 
class 

sand 0.437 0.020 0.592 3.776 7.26 21.00 20.08 5 4 

loamy sand 0.437 0.035 0.474 3.422  8.69 6.11 4.18 6 0 

sandy loam 0.453 0.041 0.322 2.966  14.66 2.59 2.13 9 4 

loam  0.463 0.027 0.220 2.660  11.15 1.32 1.58 3 2 

silt loam 0.501 0.015 0.211 2.633  20.76 0.68 0.97 6 0 

sandy clay loam 0.398 0.068 0.250 2.750  28.08 0.43 0.76 3 1 

clay loam 0.464 0.075 0.194 2.582  25.89 0.23 2.06 3 0 

silty clay loam 0.471 0.040 0.151 2.453  32.56 0.15 1.36 1 1 

sandy clay 0.430 0.109 0.168 2.504  29.17 0.12 0.59 1 0 

a.gordon
Highlight

a.gordon
Highlight



 

 

silty clay 0.479 0.056 0.127 2.381  34.19 0.09 4.42 0 0 

clay 0.475 0.090 0.131 2.393  37.3 0.06 2.03 6 2 

silt 0.501 0.015 0.211 2.633  20.76 0.68 0.55 0 0 

 22 

 23 

Fig. S4 | Visualization of the variability of two key soil hydraulic properties. Variability of saturated hydraulic conductivity 24 
(k0_cm..s, cm s-1) and the slope of the unsaturated hydraulic conductivity curve (tau) within a soil textural class plotted against 25 
the mean sand fraction (Sand_mean * 100, %). See the methods section for description how the variability of soil texture class-26 
specific hydraulic properties was derived. 27 

 28 

Fig. S5 | Simulated fluxnet θcrit do not show systematic deviation from observed θcrit across climates and biomes. 29 
Relationships of the differences between observed (fluxnet) and simulated θcrit to site-specific latent heat fluxes (i.e., to the 30 
absolute evapotranspiration rates determined by the climate of each site; Tpot) across climates and biomes using the average 31 
latent heat flux in the EF-plateau above θcrit. 32 
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 35 

Fig. S6 | Simulated fluxnet θcrit do not show systematic deviation from observed θcrit across climates and biomes. 36 
Relationships of the differences between observed (fluxnet) and simulated θcrit to site-specific latent heat fluxes (i.e., to the 37 
absolute evapotranspiration rates determined by the climate of each site; Tpot) across climates and biomes using the 38 
‘envelope’ of latent heat fluxes in the EF-plateau above θcrit. 39 

 40 

41 
Fig. S7 | Locations of the FLUXNET Eddy-Covariance sites included in this study. 42 
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 44 
Fig. S8 | Locations of the SAPFLUXNET sites included in this study. 45 
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Fig. S9 | Numerical T(θ) functions used for the analysis on the global sensitivity of critical soil moisture thresholds to 47 
climate change. Note that the model parameters used in this simulation were slightly different from the default parameter 48 
values used in the main analysis of the manuscript (Table S1), but differences in Δθcrit/ΔTpot around θcrit between this simulation 49 
run and the default simulation are negligible in relation to the uncertainties originating from this simplified analysis of climate 50 
change impacts (i.e. considering solely the effect of VPD on critical soil water thresholds). Here, ψleaf-max = -0.5 MPa, ψx* = -2 51 
MPa, and Lroot = 320 m m-2 as it was fitted to FLUXNET data only (true ecosystem scale flux data). Note that these parameters 52 
ensured that the T(θ) functions did not yet reach their hydraulically restricted plateau in the range of VPD increases projected 53 
by the considered climate scenario for 2060-2069 (Tpot +65% = 6.6 mm d-1), whereas the default parameter values (Table S1) 54 
would hydraulically limit the transpiration rate beforehand.55 



 

 

Table S2 | Site identifier (Site ID), data type (EC: Eddy Covariance, SF: Sapflow), continent, latitude (Lat, °), longitude (Long, °), IGBP land cover class (IGBP), mean annual temperature (MAT, 56 
°C) or temperature range (TR, °C) when MAT is not available, mean annual precipitation (MAP, mm), average site-specific latent heat flux where θ > θcrit, fluxnet only (LE_avg, W m-2), study 57 
periods (Periods), locally measured fractions of sand silt and clay (Sand|Silt|Clay, %) where available, soil textural class (soil texture) classified according to USDA where applicable, estimated soil 58 
moisture threshold (θcrit, %), median per sapfluxnet site, and references (Ref) of sites used in the study. Abbreviations: WSA, Woody Savannah; SAV, Savannah; EBF, Evergreen Broadleaf Forests; 59 
GRA, Grasslands; MF, Mixed Forests; CRO, Croplands; ENF, Evergreen Needleleaf Forests; DBF, Deciduous Broadleaf Forests; OSH, Open Shrublands. 60 

 61 
ID Site ID Data 

Type 
Continent Lat Long IGBP MAT MAP LE_avg Periods Sand|Silt|Clay Soil 

texture 
θcrit Ref 

(TR) 
1 AU-Ade EC Oceania -13.08 131.12 WSA (16 – 

36) 
1730 153.9 2007-

2009 
  Silt 

loam 
22 88 

2 AU-ASM EC Oceania -22.28 133.25 SAV (-4 – 
46) 

305.09 67.1 2010-
2014 

74|11|15 Sandy 
loam 

9.5 89 

3 AU-Cpr EC Oceania -34.00 140.59 SAV (12 – 
45) 

240 19.5 2010-
2014 

  Loamy 
sand 

4.8 90 

4 AU-DaS EC Oceania -14.16 131.39 SAV 27.22 975.82   2008-
2014 

  Sandy 
loam 

3.5 91 

5 AU-Dry EC Oceania -15.26 132.37 SAV (14 – 
37) 

895 75.7 2008-
2014 

  Sandy 
loam 

4 92 

6 AU-GWW EC Oceania -30.19 120.65 SAV (5 – 
33) 

240   2013-
2014 

57|15|28 Sandy 
clay 
loam 

20 93 

7 AU-How EC Oceania -12.49 131.15 WSA 27.01 1449.35 115.3 2001-
2014 

  Sandy 
loam 

7.5 94 

8 AU-Rob EC Oceania -17.12 145.63 EBF (3 – 
33) 

2236 82.2 2014-
2014 

46|18|36 Sandy 
clay 

30 95 

9 AU-Stp EC Oceania -17.15 133.35 GRA (11 – 
39) 

640   2008-
2014 

  Silt 
loam 

8 96 

10 AU-TTE EC Oceania -22.29 133.64 GRA (-4 – 
46) 

305   2012-
2014 

91|8|1 Sand 11 97 

11 AU-Tum EC Oceania -35.66 148.15 EBF 10.72 1159.01 121.3 2001-
2014 

  Clay 
loam 

17.5 98 

12 AU-Wom EC Oceania -37.42 144.09 EBF (1 – 
30) 

650 93.1 2010-
2014 

45|29|26 Loam 11 99 

13 AU-Ync EC Oceania -34.99 146.29 GRA (12 – 
37) 

465 28.4 2012-
2014 

  Loamy 
sand 

9 100 

14 BE-Bra EC Europe 51.31 4.52 MF 9.8 750 71.9 1996-
2018 

  Loamy 
sand 

14 101 



 

 

15 CH-Cha EC Europe 47.21 8.41 GRA 9.5 1136 120.2 2005-
2018 

  Loam 34.5 102 

16 CH-Lae EC Europe 47.48 8.36 MF 8.3 1100 112.7 2004-
2018 

  Clay 
loam 

16 103 

17 CH-Oe2 EC Europe 47.29 7.73 CRO 9.8 1155 103.3 2004-
2018 

25|33|42 Clay 11 104 

18 CN-Dan EC Asia 30.50 91.07 GRA -1.54 246.88 116.8 2004-
2005 

67|18|15 Sandy 
loam 

15 105 

19 CN-Sw2 EC Asia 41.79 111.90 GRA 3.4 180 29.6 2010-
2012 

  Loamy 
sand 

13.5 106 

20 CZ-Lnz EC Europe 48.68 16.95 MF 9.80 518.03 108.5 2015-
2018 

  Sandy 
loam 

20.5 107 

21 CZ-RAJ EC Europe 49.44 16.70 ENF 7.1 681 58.5 2012-
2018 

  Sandy 
loam 

14 108 

22 DE-Gri EC Europe 50.95 13.51 GRA 7.8 901 80.4 2004-
2018 

  Loam 28 109 

23 DE-Hai EC Europe 51.08 10.45 DBF 8.3 720 45.9 2000-
2018 

  Clay 
loam 

38 110 

24 DE-HoH EC Europe 52.09 11.22 DBF 9.1 563 91.7 2015-
2018 

  Silt 
loam 

13 111 

25 DE-Tha EC Europe 50.96 13.57 ENF 8.2 843 70.5 1996-
2018 

  Silt 
loam 

19 112 

26 DK-Sor EC Europe 55.59 11.64 DBF 8.2 660 106.5 1996-
2018 

  Sandy 
clay 
loam 

25 113 

27 ES-LM1 EC Europe 39.94 -5.78 SAV 16 700 101.2 2014-
2018 

  Loamy 
sand 

10.5 114 

28 ES-LM2 EC Europe 39.93 -5.78 SAV 16 700 81.3 2014-
2018 

  Loamy 
sand 

12.5 114 

29 FR-Bil EC Europe 44.49 -0.96 ENF 12.8 930 136.9 2014-
2018 

  Sand 9.5 115 

30 FR-Hes EC Europe 48.67 7.06 DBF 9.2 820 107.5 2014-
2018 

  Silty 
clay 
loam 

11.9 116 

31 GF-Guy EC South 
America 

5.28 -52.92 EBF 25.7 3041 127.1 2004-
2014 

48-64| - |43-26 Sandy 
clay 
loam 

16 117 

32 IT-Lsn EC Europe 45.75 12.75 OSH 13.1 1083 94.3 2016-
2018 

  Clay 31 111 



 

 

33 NL-Loo EC Europe 52.17 5.74 ENF 9.8 786 79.5 1996-
2018 

  Sand 7 118 

34 PA-SPn EC South 
America 

9.32 -79.63 DBF 26.5 2350   2007-
2009 

4|30|65 Clay 31 119 

35 PA-SPs EC South 
America 

9.31 -79.63 DBF 26.5 2350   2007-
2009 

4|30|65 Clay 34.5 119 

36 SE-Nor EC Europe 60.09 17.48 ENF 5.5 527 65.8 2014-
2018 

  Silt 
loam 

11.5 111 

37 SN-Dhr EC Europe 15.40 -15.43 SAV 29 404 75.5 2010-
2013 

95|4.6|0.4 Sand 7.5 120 

38 US-ARM EC North 
America 

36.64 -99.60 CRO 14.76 843 89.5 2003-
2020 

28|29|43 clay 36 121 

39 US-Me2 EC North 
America 

44.45 -121.56 ENF 6.28 523 89.5 2002-
2020 

67|26|7 Sandy 
loam 

12 122 

40 US-MMS EC North 
America 

39.32 -86.41 DBF 10.85 1032 101.9 1999-
2020 

34|3|63 Clay 19 123 

41 US-MOz EC North 
America 

38.74 -92.20 DBF 12.11 986 123.2 2004-
2019 

  Silt 
loam 

26 124 

42 US-SRc EC North 
America 

31.91 -110.84 OSH 22 330 20.9 2008-
2014 

  Sandy 
loam 

15.5 125 

43 ZM-Mon EC Africa -15.44 23.25 DBF 25 945 84.5 2000-
2009 

97.5|1.9|0.6 Sand 8 126 

44 AUT_TSC SF Europe 47.23 10.84 ENF 8.5 694 
 

2012 54|44|2 sandy 
loam 

6.8 walter.oberhuber@uibk.ac.at, 
gerhard.wieser@uibk.ac.at 

45 CAN_TUR_P39_PRE SF North 
America 

42.71 -80.36 ENF 9 1000  2008-
2016 

98|1|1 sand 8.9 127 

46 CAN_TUR_P74 SF North 
America 

42.71 -80.35 ENF 9 1003  2008-
2016 

98|1|1 sand 8.1 127 

47 CHE_LOT_NOR SF Europe 46.39 7.76 ENF 5 716  2006-
2015 

48|42|10 loam 13.6 128 

48 CZE_LIZ_LES SF Europe 49.07 13.68 ENF 6 837  2007-
2009 

60.75|30.98|8.27 sandy 
loam 

18.2 129 

49 DEU_STE_2P3 SF Europe 53.1 13 DBF 8.9 595  2002-
2003 

92.5|5|2.5 sand 5.8 130 

50 DEU_STE_4P5 SF Europe 53.1 13 DBF 8.9 595  2004-
2005 

92.5|5|2.5 sand 6.4 130 

51 ESP_TIL_PIN SF Europe 41.33 1.01 ENF 10.1 674  2005-
2011 

60|20|20 sandy 
clay 
loam 

25.3 131 



 

 

52 THA_KHU SF Asia 15.27 103.08 DBF 27.2 1178  2006-
2008 

65|25|10 sandy 
loam 

11.1 132 

53 USA_MOR_SF SF North 
America 

39.32 -86.41 DBF 12 1159  2011-
2013 

10|60|30 silty 
clay 
loam 

15.5 133 

54 USA_PJS_P04_AMB SF North 
America 

34.39 -106.53 WSA 12.7 311  2006-
2015 

52|42|6 sandy 
loam 

10.7 134 

55 USA_TNO SF North 
America 

35.97 -84.28 DBF 14.6 1497  1998-
1999 

 clay 10.7 135 

56 USA_TNP SF North 
America 

35.96 -84.29 ENF 14.6 1489  1998-
1999 

 clay 16.4 135 

57 USA_WVF SF North 
America 

39.06 -79.69 DBF 9.4 1408  1998-
1999 

 loam 15.8 135,136 
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 72 

Figure S10 – Fitted EF-SM relationship using a linear-plus-plateau model for the 43 Eddy-Covariance sites used in this 73 
study. EF: evaporative fraction (-); SM: soil moisture (%). 74 

 75 
Figure S11 | Fitted Sapflux – soil moisture (swc_shallow, m3/m3) linear-plateau relationship for an exemplary site 76 
containing 9 sapflux measurements (trees). Note that in Table S2 the site-specific median soil moisture threshold is reported 77 
(indicated by the grey dot located at median θcrit and median sapflux density). 78 
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