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1 
 

Supplemental Methodology: 1 

1. Bias correction methodology (Ho et al., 2012) 2 

The bias correction methodology corrects the simulated raw annual runoff using the differences 3 

in the mean and variability between observations and the simulations in 1971-2000. In the 4 

simplest case, where the variability in observations and simulations is assumed to be the same -- 5 

the normal distribution, the annual runoff is simply shifted by the mean bias in the reference. 6 

 , ,( ) ( )BC RAW O REF M REFR t R t R R                 (Equation 1) 7 

Where ( )BCR t  is the bais-corrected simulated runoff, ( )RAWR t  is raw simulated runoff for 8 

future period, ,O REFR  is the mean of the observation in 1971-2000, ,M REFR  is the mean of the 9 

simulated runoff in 1971-2000. 10 

However, it is possible to apply a more general form of this bias-correction method that corrects 11 

not only the mean values but also the temporal variability of the model output in accordance with 12 

the observations (Ho et al., 2012), 13 
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Where ,T REF and ,O REF represent the standard deviation of the simulated runoff and 15 

observations in the reference period, respectively. 16 
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Supplemental Tables: 55 

Table S1 Main characteristics of the global gridded hydrological models (GGHMs) used in this study.  56 

Model name 
Energy 
balance 

Evaporation 
scheme a 

Runoff scheme a 
Vegetation 
dynamics 

References 

DBH Yes Energy balance Infiltration excess No Tang et al. (2007, 2008) 

H80 Yes Bulk formula 
Saturation excess, 
no-linear 

No Hanasaki et al. (200a, 2008b) 

LPJmL No Priestley-Taylor Saturation excess Yes 
Bondeau et al. (2007); Rost 
et al. (2008) 

MacPDM No Penman-Monteith 
Saturation excess, 
no-linear 

No 
Arnell (1999); Gosling and 
Arnell (2011) 

MATSIRO Yes Bulk formula 
Infiltration excess, 
saturation excess, 
groundwater 

No 
Takata et al. (2003); Pokhrel 
et al. (2012) 

MPI-HM No Penman-Monteith 
Saturation excess, 
no-linear 

No 
Hagemann et al. (2003); 
Stacke et al. (2012) 

PCR-GLBWB No Hamon 
Saturation excess, 
Beta function 

No 
Wada et al. (2010); Van Beek 
et al (2001); Wada et al. 
(2011) 

VIC 
Only for 
snow 

Penman-Monteith 
Saturation excess, 
no-linear 

No 
Liang et al. (1994); Lohmann 
and Raschke (1988) 

WaterGAP No Priestley-Taylor Beta function No 
Döll et al. (2012); Flörke et al. 
(2013) 

WBM No Hamon Saturation excess No 
Vörösmarty et al. (1998); 
Wisser et al. (2010) 

Note: a Bulk formula: Bulk transfer coefficients are used when calculating turbulent heat fluxes. 57 

b Non-linear: Subsurface runoff is a non-linear function of soil moisture. 58 

59 
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Table S2 Main characteristics of the global gridded crop models (GGCMs) used in this study. 60 

Model 
name 

Evapo- 
transpiration 

Irrigation a, b Crops References 

EPIC 
Penman- 
Monteith 

90/100/500/50/20 h 

maximum applied 
irrigation: 500 mm yr-1 

Maize, wheat, soybean, rice, 
barley, managed grass, millet, 
rapeseed, sorghum, sugarcane, 
drybean, cassava, cotton, 
sunflower, groundnut 

Williams (1995); 
Izaurralde et al. 
(2006) 

GEPIC 
Penman- 
Monteith 

90/100/20 
00/1000/0 .01h 

Maize, wheat, soybean, rice 
Williams (1990); 
Liu et al. (2007) 

LPJmL 
Priestley- 
Taylor 

300/90/10 0/varies g 

Maize, wheat, soybean, rice, 
millet, cassava, sugar beet, 
field pea, rapeseed, sunflower, 
groundnut, sugarcane 

Bondeau et al. (2007); 
Fader et al. (2010) 

LPJ- 
GUESS 

Priestley- 
Taylor 

200/90/10 0/100 g Maize, wheat, soybean, rice 
Bondeau et al. (2007); 
Smith et al. (2011) 

pDSSAT 
Priestley- 
Taylor 

40/80/100/75 g 
rice: 
30/50/100 /100 g 

Maize, wheat, soybean, rice 
Elliott et al. (2014); 
Jones et al. (2013) 

PEGASUS 
Priestley- 
Taylor 

40/90/100/100 g Maize, wheat, soybean Deryng et al. (2011) 

Note: a Irrigation rules: IMDEP(cm): Depth of soil moisture measured; ITHRL(%): Critical lower 61 

soil moisture threshold to trigger irrigation event; ITHRU(%): Upper soil moisture threshold to stop 62 

irrigation; IREFF(%): Irrigation application efficiency 63 

b Irrigation rules: EPIC and GEPIC models: BIR(%): Water stress in crop to trigger automatic 64 

irrigation; EFI(%): Irrigation efficiency - runoff from irrigation water; VIMX(mm): Maximum of 65 

annual irrigation volume; ARMX(mm): Maximum of single irrigation volume allowed; ARMN(mm): 66 

Minimum of single irrigation volume allowed 67 

68 
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Table S3 Overview of global climate models (GCMs) used in this study. 69 

 Name Institute References 

GCMs 

HadGEM2-ES Met Office Hadley Centre Jones et al. (2011) 
IPSL-CM5A-LR Institute Pierre-Simon Laplace Mignot et al. (2013) 

MIROC-ESM-CHEM 

Japan Agency for Marine-Earth Science and 
Technology, Atmosphere and Ocean Research 
Institute (The University of Tokyo), and 
National Institute for Environmental Studies 

Watanabe et al. (2011) 

GFDL-ESM2M Geophysical Fluid Dynamics Laboratory Dunne et al. (2012, 2013) 

NorESM1-M Norwegian Climate Centre 
Bentsen et al. (2013); 
Iversen et al. (2013) 

 70 

71 
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Table S4 Change rate for domestic water intensity (L person-1 day-1 year-1) (Hanasaki et al., 2013) 72 

  High efficiency 

(HE) 

Medium 

efficiency (HE) 

Low efficiency 

(HE) 

per captia GDP<2000 USD 
200≤idom -2 (200≤idom) 0 2 (idom<600) 

idom<200 2 (idom<200) 2 (idom<300) 2 (idom<400) 

2000 USD≤per captia GDP  -2 (200≤idom) 0 2 (idom<800) 

 73 

74 
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