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Supplementary Method 1. Calculation method of net radiation  

The net surface radiation (Rn) is obtained by summing up the net surface shortwave 

(Rns) and longwave (Rnl) radiation 1: 

   n ns nl s s l l
R R R R R R R          (1) 

Where s
R    is downward shortwave radiation, s

R    is upward shortwave 

radiation, l
R   is downward longwave radiation, l

R   is upward longwave radiation. 

The upper horizontal line indicates that the data are bias-adjusted. 

In ISIMIP3b, only the bias-adjusted s
R    and l

R    data are provided. The 

limitation of historical measured data makes it difficult to correct s
R   and l

R   with 

measured data. So we obtain s
R   and l

R   data from CMIP6, and then combine the 

empirical equations and the bias-adjusted s
R   and l

R   data to estimate the s
R   and 

l
R   data. 

The shortwave albedo ( ) is calculated as 1: 

s
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R

R
 


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So the bias-adjusted s
R   is calculated as: 

s s
R R   (3) 

For downward longwave radiation ( l
R  ), the parameterized method suggested by 

Brutsaert (1975), which uses measurements of meteorological variables near the 

surface has been employed: 

4
l

R T     (4) 

where   is atmospheric emissivity, T  is air temperature in ˚C,   = Stefan-

Boltzmann constant.  

The upward longwave radiation ( l
R  ) is calculated from the Stefan-Boltzmann 
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equation using land surface temperature: 

4
sl

R T   (5) 

where   is land surface emissivity, T  is land surface temperature in K. 

Combining equations (4) and (5) with the available data, the bias-adjusted l
R   is 

calculated as, 
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where 4
aT  is air temperature in ˚C, 4

aT  is the bias-adjusted air temperature in 

˚C. 

 

Supplementary Method 2. Calculation equation of PM-RC model 
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Where Ep is the atmospheric evaporative demand on the idealized grass surface (mm 

d−1), s is the slope of the saturation vapor pressure curve (kPa ℃−1) at the near-surface 

air temperature T (℃), Rn is the surface net radiation (MJ m−2 d−1), γ is the 

psychrometric constant (kPa ℃−1), u is the 2 m wind speed (m s−1), and V is the 

difference between the saturation and the actual vapor pressure (kPa). 

 

Supplementary Method 3. Calculation equation of PM-CO2 model 
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Where [CO2] denotes the atmospheric CO2 concentration (ppm). 
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Supplementary Figure 1. Time series of PET calculated from PM-RC under (a) SSP1-2.6, (c) 

SSP3-7.0 and (b) SSP5-8.5 by five GCMs. Note: the solid line represents the annual mean of 

all global grids, while the shades represent the lower (25th percentile) and upper limits (75th 

percentile). 

 

Supplementary Figure 2. Time series of CO2 concentration under SSP1-2.6, SSP3-7.0 and 

SSP5-8.5. 
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Supplementary Figure 3. Interannual variation of daily SPEI (PET calculated from PM-RC) 

under (a) SSP1-2.6, (c) SSP3-7.0 and (b) SSP5-8.5. Note: the solid line represents the annual 

mean of all global grids, while the shades represent the lower (25th percentile) and upper limits 

(75th percentile).  

 

Supplementary Figure 4. Total annual drought severity (PET calculated from PM-RC) for the 

base period (1980–2014) and three future periods (2015–2040, 2041–2070, and 2071–2100) 

under (a) SSP1-2.6, (c) SSP3-7.0 and (b) SSP5-8.5. 
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Supplementary Figure 5. Total annual drought duration (PET calculated from PM-RC) for the 

base period (1980–2014) and three future periods (2015–2040, 2041–2070, and 2071–2100) 

under (a) SSP1-2.6, (c) SSP3-7.0 and (b) SSP5-8.5. 

 

Supplementary Figure 6. Total annual drought frequency (PET calculated from PM-RC) for 

the base period (1980–2014) and three future periods (2015–2040, 2041–2070, and 2071–2100) 

under (a) SSP1-2.6, (c) SSP3-7.0 and (b) SSP5-8.5. 
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Supplementary Figure 7. Trends of TADS (PET calculated from PM-RC) from 2015-2100 by 

five GCMs under two SSP scenarios (spatial pattern). 
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Supplementary Figure 8. Trends of TADD (PET calculated from PM-RC) from 2015-2100 by 

five GCMs under two SSP scenarios (spatial pattern). 
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Supplementary Figure 9. Trends of TADF (PET calculated from PM-RC) from 2015-2100 by 

five GCMs under two SSP scenarios (spatial pattern). 

 

Supplementary Figure 10. Time series of precipitation under SSP3-7.0 by five GCMs. Note: 

the solid line represents the annual mean of all global grids, while the shades represent the lower 

(25th percentile) and upper limits (75th percentile). 
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Supplementary Figure 11. Time series of PET calculated from PM-CO2 under SSP3-7.0 by 

five GCMs. Note: the solid line represents the annual mean of all global grids, while the shades 

represent the lower (25th percentile) and upper limits (75th percentile). 

 

Supplementary Figure 12. Interannual variation of daily SPEI (PET calculated from PM-

CO2) under SSP3-7.0. Note: the solid line represents the annual mean of all global grids, while 

the shades represent the lower (25th percentile) and upper limits (75th percentile). 

 

Supplementary Figure 13. Total annual drought severity (PET calculated from PM-CO2) 

for the base period (1980–2014) and three future periods (2015–2040, 2041–2070, and 

2071–2100) under SSP3-7.0. 
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Supplementary Figure 14. Total annual drought duration (PET calculated from PM-CO2) 

for the base period (1980–2014) and three future periods (2015–2040, 2041–2070, and 

2071–2100) under SSP3-7.0. 

 

Supplementary Figure 15. Total annual drought frequency (PET calculated from PM-

CO2) for the base period (1980–2014) and three future periods (2015–2040, 2041–2070, 

and 2071–2100) under SSP3-7.0. 

 

Supplementary Figure 16. Trends of TADS (PET calculated from PM-CO2) from 2015-

2100 by five GCMs under SSP3-7.0 (spatial pattern). 
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Supplementary Figure 17. Trends of TADD (PET calculated from PM-CO2) from 2015-

2100 by five GCMs under SSP3-7.0 (spatial pattern). 

 

Supplementary Figure 18. Trends of TADF (PET calculated from PM-CO2) from 2015-

2100 by five GCMs under SSP3-7.0 (spatial pattern). 
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