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List of symbols

a soil exponent (unitless). See table S25. 51

a; soil exponent per layer ¢ (unitless). See table S25. 51

a., exponent for the unsaturated zone (unitless). See table S26. 52

A water abstraction (L2 L=2 T—1). See tables S32, S35. 58, 61

A9% actual groundwater abstraction (L? L =2 T—1). See table S53. 79

A%, actual surface water abstraction (L2 L=2 T—1). See table S53. 79

Aqet,irr actual water abstraction for irrigation (L3 L=2 T~1!). See table S43. 69
Adem,dam mean annual total water demand of the dam (L2 T~1). See table S37. 63

Adem,5dcells long term averaged water demand of 5 donwstream cells of a reservoir (L3 T~1). See table S37. 63

Adem 5deells,montr, Mean water demand of 5 downstream cells of a reservoir averaged over a specific month (L3 T~1). See
table S37. 63

Agom Water abstraction for domestic sector (L3 L=2 T—1). See tables S35, S59, S60, S61, S62, S63, S64. 61, 85-91, 93, 95,
97, 98, 100

A52  water abstraction from river for domestic sector, at the origin of an aqueduct (L3 L2 T~1). See table S62. 88

A%Y  water abstraction from groundwater storage for domestic sector (L3 L=2 T~ ). See tables $29, S59, S60 S61, S77. 55,

dom

85-87, 103
A9 water abstraction from non-renewable groundwater storage for domestic sector (L3 L2 T~1). See table S59. 85
AJet water abstraction from renewable groundwater storage for domestic sector (L3 L=2T1). See table S59. 85
Agg?nd water abstraction from pond, from local reservoir, for domestic sector (L3 L2 T-1). See tables S35, S62. 61, 88
Ave  water abstraction from reservoir for domestic sector (L3 L2 T-1). See tables S62, S79. 88, 105
Agiom water abstraction from river for domestic sector (L3 L=2 T—1). See tables S43, S62. 72, 88

ASY  water abstraction from surface water bodies for domestic sector (I® L=2 T—1). See tables S43, S59, S62, S63, S64,

dom

S78, S79, S80. 69, 85, 88-90, 104-106

Ay water abstraction from unlimited (unspecified) surface water source for domestic sector (L3 L2 T~1). See table S62.
88

Adom, cons Water consumption from domestic sector (L3 L=2 T~1). See tables S59. 86, 87, 89, 90, 92, 97, 100
Adom.cons domestic consumption (L? L2 T~1). See tables S60, S61, S63. 86, 87, 89, 96, 99

A5 cons domestic surface water consumption (L? L™ T~). See table S63. 89
A9y s domestic groundwater consumption (L* L2 T~1). See table S60. 86

Adom,dem Water demand for domestic sector (L3 T~1). See tables S59, S60, S61, S62, S63, S78, S79. 85-89, 104, 105
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Asw domestic surface water losses (L3 L=2 T—1). See table S63. 89

dom,loss

AI® domestic groundwater losses (L L=2 T—1). See table S60. 86

dom,loss

Adom.month, monthly water abstraction for domestic sector (L3 L=2 T~1). See tables S37, S79. 63, 105
Adom,ry return flow from domestic sector (L3 L2 T~1). See tables S60, S61, S63, S64. 86, 87, 89, 90

Aforn.ry return flow from domestic groundwater abstraction (L L~2 T~!). See tables S61, S60. 86, 87

Asw® ¢ return flow from domestic surface water abstraction (L3 L=2 T—1). See tables S64, S63. 89, 90

dom,r

Are,global

domm water abstraction from a global reservoir for domestic sector (L3 L2 T ). See tables S35, S62. 61, 88

A% water abstraction from surface water bodies for electricity sector (L3 L2 T~1). See tables S75, S76, S78, S79, S80. 101,

ele

102, 104-106
f5v abstraction surface water (L2 L=2 T~1). See table S59. 85, 86, 88, 89, 91-93, 95, 96, 98, 99
Ajfgw fossil groundwater abstraction (L3 L2 T~1). See table S53. 79
Agw water abstraction from groundwater storage (L3 L=2T1). See tables S29, S77. 55, 103
Agw,cons groundwater consumption (L3 L=2 T—1). See table S54. 80
Agw,ro Water abstraction from renewable groundwater storage (L3 L2 T-1). See table S53. 79

Apii,c household, industry, and livestock demand, at the grid cell (G) (L3 L2 T-1). See tables S78, S79. 104, 105

A;nq water abstraction for industry sector (L3 L2 T~ 1). See tables S35, S81, S59. 61, 85, 87, 88, 90, 91, 93, 95, 97, 98, 100,

107
A9 eroundwater abstraction for industry sector (L3 L=2 T~1). See tables S77, S69, S70. 95, 96, 103

ind

Apond

PO water abstraction from pond, local reservoir, for industry sector (L L2 T~1). See tables S35, S72. 61, 98

Are . water abstraction from reservoir for industry sector (L3 L=2 T~1). See table $79. 105

A;i 4 Water abstraction from river for industry sector (L3 L2 T~1). See tables S46, S72. 72, 98

T

Az, surface water abstraction for industry sector (L3 L=2 T~1). See tables S69, S72, S73, S75. 95, 98, 99
Aind,cons Water consumption from industry sector (L3 L=2 T~ ). See tables S59. 86, 87, 89, 90, 92, 96, 97, 99, 100

Aini cons surface water consumption for industry sector (L3 L=2 T~1). See tables S73. 99

gw
ind,cons

Aind,dem Water demand abstraction for industry sector (L3 T~1). See tables S69, S78, S79. 95, 104, 105

groundwater consumption for industry sector (L3 L=2 T~!). See tables S70. 96

Aind.montr, monthly water abstraction for industry sector (L3 L=2 T~1). See tables S37, S79. 63, 105

re,global
Aind

water abstraction from a global reservoir for industry sector (L3 L=2 T~1!). See tables S35, S72. 61, 98

A;, water abstraction for irrigation sector (L2 L2 T—!). See tables S1, S35, S43, S52, S59, S53, S54, S55, S56, S57, S58.

27,61, 78, 80-85, 88, 91, 93, 95, 98, 106
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A$? water abstraction from river for irrigation sector, at the origin of an aqueduct (L3 L=2 T~1). See table S56. 82

A% water abstraction from groundwater storage for irrigation sector (L3 L=2 T—1). See tables S29, S53, S54, S55, S77. 55,

wrr

78-81, 103

AJmT water abstraction from non-renewable groundwater storage for irrigation sector (L3 L=2 T~1). See table S53. 79

AZY™ water abstraction for irrigation sector taken from renewable groundwater storage (L* L2 T~1). See table S$53. 79

Ala  water abstraction for irrigation sector taken from lake (L3 L=2 T~1). See table S56. 82

Aneigh,cell

vy water abstraction for irrigation sector taken from neighboring cell surplus (L3 L=2 T~1!). See table S56. 82

AP°™ water abstraction for irrigation sector taken from pond, local reservoir (L3 L=2 T—1). See tables S35, S56. 61, 82

irr

Are  water abstraction from reservoir for irrigation sector (L3 L=2 T~1). See tables S56, S79. 82, 105

AT'  water abstraction for irrigation from river (12 L=2 T~!). See tables S46, S56. 72, 82

rr

A3™ water abstraction for irrigation sector taken from surface water (L3 L2 T~ ). See tables S43, S53, S56, S57, S58, S78,

wrr

579, S80. 69, 78, 79, 82-84, 104-106

AR jrrigation surface water abstraction from unlimited (unspecified) surface water source (L3 L2 T~ 1). See table S56. 82

Ajrrapp application requirement for an irrigation system due to irrigation conveyance inefficiencies (L3 L=2 T~1). See tables
S57, S58. 78, 83, 84
Ajirr.cons Water consumption from irrigation sector (L3 L=2 T~1). See tables S53, S54, S56, S57. 79-83, 86, 89, 92, 96, 99

Asw ¢ irrigation surface water consumption, at the grid cell (L3 L=2 T~1). See tables S57, S58. 104, 105

1rT,cons,

Asw irrigation surface water consumption (L3 L=2 T—1). See tables S57, S58. 83, 84, 104, 105

1rT,cons

ATY irrigation groundwater consumption (L? L=2 T—1). See tables S54, S55. 80, 81

rr,cons

Ajjrr.dem water demand for irrigation sector (L2 T—1). See tables S53, S78, S79. 79, 104, 105

A5 14, irrigation surface water losses (L? L~2 T~'). See table S57. 83

Ajirrmontn, monthly water abstraction for irrigation sector (L* L=2 T—1). See tables $37, $79. 63, 105

Ajrrnet daily net irrigation requirement. Amount of water required in the upper 50 cm soil to avoid crop water limitation
(L3 L=2 T1). See tables S57, S58. 78, 83, 84

A7 . return flow from irrigation groundwater abstraction (L® L =2 T~'). See table S55. 81

Asv  return flow from irrigation surface water abstraction (L3 L=2 T-1). See tables S57, S58. 83, 84

irr,r

Ajjrrrp return flow from irrigation sector (L? L=2 T~1). See tables S57, S58. 81

Ajrr g, pirr return flow fraction irrigated (unitless). See tables S55. 81

Are,global

i water abstraction from a global reservoir for irrigation sector (L3 L=2 T~1). See tables S29, S56. 61, 82

A, water abstraction from lake (L3 L=2 T—1). See tables S43, S78, S79. 58, 104, 105
Ay, water abstraction for livestock sector (L3 L=2 T—1). See table S35, S59. 85, 86, 88, 89, 91-93, 95, 96, 98, 99



95

100

105

110

115

120

AJY

7% water abstraction for livestock sector taken from groundwater storage (L3 L=2 T~1). See tables S29, S65. 55, 91

A7!Y water abstraction for livestock sector taken from surface water (L3 L=2T-1). See tables S43, S67, S78, S79, S80. 69,
93, 104-106

Aliv.cons Water consumption for livestock sector (L3 L =2 T~1). See tables S66, S68. 92, 94

gw

liv,cons Water consumption use for livestock sector taken from groundwater (L3 L=2T~1). See table S66. 92

Af%wns water consumption use for livestock sector taken from surface water (L3 L=2 T~ ). See tables S67, S68. 93, 94

Ajiv,dem Water demand for livestock sector (L3 T~1). See tables S65, S66, S67, S68, S78, S79. 91-94, 104, 105

f::m’r 7 return flow for manufacturing groundwater abstraction (L3 L=2 T71). See tables S71, S70. 96, 97
Az ¢ return flow for manufacturing from surface water abstraction (L L= T~). See tables S74, $73. 99, 100

A% water abstraction for manufacturing sector from river, at the origin of an aqueduct (L® L=2 T~!). See table S72. 98

Ace%¢ manufacturing cooling water per country (L3 T—1). See tables S70, S71, S73, S74. 96, 97, 99, 100

man

AC

man

water abstraction for manufacturing sector per country (L3 T~1). See tables S69, S70, S72, S73. 95, 96, 98, 99

Agwnrw water abstraction for manufacturing sector taken from non-renewable groundwater storage (L2 L=2 T~1). See table
S69. 95

Agwrw water abstraction for manufacturing sector taken from renewable groundwater storage (L® L~=2 T~1). See table S69.

95
A’I’E

re . water abstraction from reservoir for manufacturing sector (L3 L=2 T~1). See table S72. 98

Art  water abstraction from river for manufacturing sector (L3 =2 T~1!). See table S72. 98

A% water abstraction for manufacturing sector taken from surface water (L3 L=2 T—1). See tables S43, S72, S73, S74, S78,

man

S79, S80. 69, 98-100, 104-106

A5 manufacturing surface water abstraction from unlimited (unspecified) surface water source (L3 L~2T-1). See table

S72.98
APW.¢ manufacturing wastewater per country (L3 T~1). See tables S70, S71, S73, S74. 96, 97, 99, 100

man

Apnan.cons Water consumption for manufacturing sector (L3 L=2 T~1). See tables S70, S71, S73. 96, 97, 99

A9 water consumption for manufacturing sector taken from groundwater storage (L? L =2 T~1). See table S70. 96

man,cons

As® water consumption for manufacturing sector taken from surface water (L L=2 T—1). See table S73. 99

man,cons

Aran,dem Water demand for manufacturing sector (L3 T—1). See tables S69, S70, S71, S72 S73. 95-99

AYY . 10ss Manufacturing groundwater losses (L L™ T~). See table S70. 96
A3 10ss Manufacturing surface water losses (L° L™> T). See table S73. 99

A%m’r ¢ return flow for manufacturing abstraction per country (L3 L=2 T~1). See tables S71, S70. 96, 99

Agw  water abstraction for manufacturing sector taken from groundwater storage (L2 L=2 T 1). See tables S29, S69, S70,

S71.55,95-97
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Apnuni Water abstraction for municipal sector (L3 L=2 T~1!). See table S81. 107

Apcean seawater abstraction (L2 L=2 T—1). See tables S81, S82, S83. 107-109

Aocean,cons Seawater consumption (L3 L2 T~1). See table S82. 108

Aocean,ry return flow from seawater abstraction (L3 L2 T-1). See table S83. 109

AY%, potential groundwater abstraction (L? L~2 T~'). See table S$53. 79

A,. water abstraction from local reservoir (L2 L=2 T—1). See tables S35, S79. 61, 105

A,y return flow from water abstraction (L3 L2 T-1). See table S32. 58, 61, 69

Ay f nonirr return flow non-irrigated areas to river (L3 L2 T~ 1). See table $59. 87, 90, 97, 100
Ay f nonirr,eva return flow non-irrigated which is evaporated (L3 L=2 T-1). See table S59. 87, 90, 97, 100
A,; water abstraction from river (I3 L=2 T—1). See tables $43, S80. 69, 106

Asw,cons surface water consumption (L2 L2 T-1). See table S54. 80

Ayor total abstraction (L3 L=2 T—1). See tables $29, S53. 55, 79

Atot.cons total consumption (L3 L=2 T~1). See table S54. 80

AJS cons total consumption from groundwater (L L™2 T~1). See table S60, S66, S70. 86, 92, 96

A5, cons total consumption from surface water (L° L2 T~1). See table $63, S68, S73. 89, 99
AJY total abstraction from groundwater (L3 L=2 T—1). See tables S59, S65, S69. 85, 91, 95
A5% total abstraction from surface water (L3 L=2 T~1). See tables S62, S67, S72. 88, 93, 98

AET total amount of water from transpiration, evaporation, interception losses, and sublimation (L3 L=2 T—1). See tables
S1, S11, S20. 27, 37, 46

bweir Width weir (L). See tables S34, S37. 60, 63

B area (L?). See tables S35, S46. 61, 72

B.aim fraction of the calm areas (unitless). See table S21. 47

Bg area of a grid cell (L?). See table S29, S43. 55, 69

By, giobal global lake area (L?). See table S32. 58

By, global,maz maximum global lake area (L?). See tables S32, S49. 58, 77
Bia.10cal local lake area (L?). See table S32. 58

Biaiocal,maz maximum local lake area (L?). See tables S32, S49. 58, 77
B,. reservoir area (L?). See tables S35, S38. 61, 64

B¢ mas Maximum reservoir area (L2). See table S35. 61

Bgtormy fraction of the stormy areas (unitless). See tables S4, S21. 30, 47
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160
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175

180

Bue,giobar global wetland area (L?). See table S39. 65

Buye,global,maz maximum global wetland area (L2). See tables S39, S49. 65, 77

Bueiocar local wetland area (L2). See table S39. 65

B iocal,maz maximum local wetland area (L2). See tables S39, S49. 65, 77

cqir specific heat of air (unitless). See tables S2, S7, S11, S23, S24. 28, 33, 37, 49, 50

Cice specific heat ice (unitless). See tables S10, S12. 36, 38

Chur bulk transfer coefficient (unitless). See table S2. 28

Chuik,Eg bulk coefficient for evaporation from snow-free ground (unitless). See table S11. 37

Couik. B , bulk coefficient for evaporation from snow-covered ground (unitless). See table S11. 37

Cruik, i bulk coefficient for evaporation, from intercepted liquid water by canopy (unitless). See table S7. 33
Chpuik, i bulk coefficient for evaporation, from intercepted snow by canopy (unitless). See table S7. 33
CB,reqd areareduction factor (unitless). See tables S32, S35, S39. 58, 61, 65

Cerop crop coefficient (unitless). See tables S23, S24. 49, 50

Ceropan crop group number (GN) is an indicator of adaptation to dry climate (unitless). See table S23. 49
Cdam,c allocation coefficient for grid cell that can be supply by more than one dam (unitless). See table S37. 63
CW™ ™S domestic water use intensity (L? capita™" T~1). See tables $59, $62. 85, 88

Cdom,cons domestic consumptive use coefficient (unitless). See tables S60, S61, S63, S64. 86, 87, 89, 90

techchangerate
Cele

technological change rate for the electricity sector (unitless). See tables S75, S76. 101, 102

Cyw,q groundwater outflow coefficient or recession coefficient of groundwater zone (T~1). See table S31. 57

Csw
gw,rech

groundwater recharge rate below surface water bodies (L3 L2 T-1). See tables S32, S35, S39. 58, 61, 65

Cp surface exchange coefficient for sensible and latent heat fluxes between the surface and the lowest atmospheric level
(unitless). See tables S23, S24. 49, 50

Cice ice impedance coefficient determined from the ice content of the soil layers (unitless). See table S31. 57
C>"1 livestock specific animal water requirement (L3 capita™ T~!). See table S68. 94

C,, degree-day factor (L. ©~! T~1). See table S12. 38

C,scason seasonal degree-day factor (unitless). See table S12. 38

Cw:ints,2005 manufacturing structural water intensity of 2005 per country (L? money~!). See tables S69, S70, S72, S73. 95,

96, 98, 99
Cman,cons manufacturing consumptive use coefficient (unitless). See tables S73, S70, S74, S71. 96, 97, 99, 100

Cf;g?;” technological change rate for the manufacturing sector (unitless). See tables S69, S70, S72, S73. 95, 96, 98, 99
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Chrmontn monthly provisional release coefficient (L ~3 T~1). See table S37. 63

C)s Manning’s roughness coefficient for river bed (unitless). See table S46. 72
C1 Manning coefficient 1 (unitless). See table S46. 72

Cr2 Manning coefficient 2 (unitless). See table S46. 72

Cys Manning coefficient 3 (unitless). See table S46. 72

Cnrs,we Manning-Strickler coefficient for wetlands (unitless). See table S39. 68
Cp, extinction coefficient for rainfall (unitless). See table S5, S4. 30, 31

Cp,, throughfall coefficient (unitless). See table S5. 31

Cpr Priestley-Taylor coefficient: 1.26 in humid areas, 1.74 in semiarid / arid areas Kaspar [26] (unitless). See table S2. 28
Cri hydraulic hydraulic radius coefficient of the river channel (L). See table S46. 72
Cso,r reduction factor for frozen soil (unitless). See table S13. 39

Cso,i soil matric potential coefficient (unitless). See table S28. 54

Cy, surface drag coefficient (unitless). See tables S7, S11, S23, S24. 33, 37, 49, 50
Csw,out surface water outflow coefficient (T~1). See tables S34, S42. 60, 68

Cyo: total annual release coefficient (L=3 T~1). See table S37. 63

Cweir coefficient friction of the reservoir weir (unitless). See tables S34, S37, S45, S46. 60, 63, 71, 72
Cws reduction factor because of water stress (unitless). See table S23. 49

Cyear yearly release coefficient (L™ T~1). See table S37. 63

do threshold depth (L). See table S31. 57

dy,; layer ¢ node depth (L). See table S13. 39

dy.i+1 layer i + 1 node depth (L). See table S13. 39

dsv, . actual surface water depth for paddy irrigation (L). See table S57. 83

paddy

d maximal surface water depth for paddy irrigation (L) (50 mm). See table S57. 83

paddy,maz
dsn grid-average of depth of the snow cover (L). See table S13. 39

dso total soil depth (L). See tables S14, S20, S25, S29, S30. 40, 46, 51, 55, 56
dso,; soil depth for layer index 4 (L). See tables S14, S24, S25, S49. 40, 50, 51, 76
dso,root Tooting depth (L). See tables S18, S22, S49. 44, 48, 76

dqt water table depth (L). See tables S29, S30, S31. 55-57

duwt,i depth of the layer ¢ directly above the water table (L). See table S30. 56

D,, soil water diffusivity (L2 T~1). See table S14. 40
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235

240

245

e vapor pressure (kPa). See tables S7, S11, S23, S24. 33, 37, 49, 50

eqct actual vapor pressure (kPa). See table S2. 28

€cq Vvapor pressure in canopy air space (kPa). See tables S7, S11, S23, S24. 33, 37, 49, 50
esqt saturation vapor pressure (kPa); for Mac-PDM.20 (mb). See table S2. 28

€sat,dew Saturation vapor pressure at dew point; for Mac-PDM.20 (mb). See table S2. 28

FE., evaporation, water changes from liquid to vapour, from canopy storage (L3 L=2 T~ 1). See tables S1, S3, S5, S7, S9, S23,
S24. 217, 29, 31, 33, 35, 46, 50

Esmcov evaporation from snow-covered canopy (L® L =2 T~1). See table S1. 27
Esmfree evaporation from snow-free canopy (L® L=2 T~!). See table S1. 27

E.., amount of water, from rainfall, accumulated on the vegetation that changes from liquid to vapor (L3 L=2 T~1). See
tables S3, S7, S10. 29, 33, 36

Ecq,maz maximum amount of water accumulated on the vegetation that changes from liquid to vapor (L3 L2 T~ 1). See table
S7.33

Ecq s amount of water, from snowfall, accumulated on the vegetation that changes from solid to vapor (L? L=2 T~!). See
tables S3, S7, S9. 29, 33, 35

Eje. liquid dew, accumulated on the ground or snow that changes from vapor to liquid (L3 L—2 T—1!). See tables S8, S10. 34,
36

E., evaporation at the equilibrium (L3 L=2 T~1). See table S24. 50

Efloodpiain €vaporation from floodplain, it can be wetland (L? L=2 T~!). See table S1. 27

E;, evaporation from lake storage (L2 L2 T—!). See tables S1, S32, S33, S45, S47. 27, 58, 59, 71, 73
Ejq pot potential evaporation from lake storage (L? L=2 T—1). See tables S33, S47. 59, 73

Ejfsm leaf and stem surface evaporation (L3 L=2 T~1). See table S9. 35

E,,. evaporation from open water surfaces (L3 L2 T—1). See tables S57, S58. 83, 84

E,. evaporation from reservoir storage (L3 L=2 T—1). See tables S1, S35, S38, S45. 27, 61, 64, 71
E,e pot potential evaporation from reservoir storage (L? L=2 T~1). See table S38. 64

E,; evaporation from river storage (L3 L=2 T~1!). See tables S1, S47. 27, 73

E,, sublimation, water that changes from solid (snow and ice) to vapor (L? L=2 T—1). See tables S1, S8, S9, S11, S12. 27,
34, 35, 37, 38

E22v9" sublimation on snow covered ground (L3 L=2 T—1). See table S11. 37
E{frees” sublimation on snow free ground (L® L=2 T~1). See table S11. 37

E,, s, sublimation on soil, water that changes from solid (snow and ice) to vapor (L3 L=2 T~1). See tables S10. 36

Esn s, sublimation in a subgrid cell Miiller Schmied et al. [34] (L? L=2 T—!). See tables S8, S11. 34, 37



250

255

260

265

270

275

Esnunderca sublimation under canopy, water that changes from solid (snow and ice) to vapor (L3 L=2 T—1). See table S10,
S11. 36, 37

FE, soil evaporation, water changes from liquid to vapor (L3 L2 T-1). See tables S1, S8, S11, S14, S23, S24, S25. 27, 34,
37, 40, 49-51

Es,; soil evaporation from soil layer i (L? L=2 T~!). See table S14. 40

Eso ice soil evaporation from ground covered with ice (L3 L=2 T~1). See table S1. 27

sn,freegr
so,l

soil evaporation from snow free ground (L L2 T—1). See tables S1, S24. 27, 50
FE\. evaporation from wetland storage (L3 L2 T-1). See tables S1, S39, S41. 27, 65, 67
ETs,; evapotranspiration from soil layer ¢ (L3 L=2 T~1). See tables S1, S14, S24. 27, 40, 50
ETs, ;1 evapotranspiration from soil layer i — 1 (3 L=2 T~1). See table S24. 50

f fractional coverage (unitless). See tables S5, S7. 31, 33

fa fraction of the tile which is saturated and hence has aerodynamic resistance only (unitless). This represents 1 for lake, ice
or snow-covered tiles (unitless). See tables S7, S24. 33, 50

fan roughness length of the surface beneath the canopy (unitless). See table S11. 37
fvu fraction of the built-up areas (unitless). See tables S18, S20, S25. 44, 46, 51
fB, fraction of the area that receives precipitation rate greater than or equal to precipitation rate (unitless). See table S6. 32

fea fraction of the vegetation or canopy class in a grid cell (unitless). See tables S4, S5, S23, S24, S50, S52. 30, 31, 49, 50,
76,78

fea,ex fraction of the exposed canopy (unitless). See table S48. 74

fea,c fraction of the vegetation in a grid cell. See table S24. 50

fea,maz maximum fraction of vegetation type including non-biological fraction (unitless). See table S5. 31
fea,n vegetation fractional coverage for the n vegetation tile. See table S1. 27

fea,sn canopy wetness-snow cover fraction (unitless). See tables S7, S11. 33, 37

fea,wet fractional wetted area of the canopy (unitless). See table S23. 49

feons,a ratio of consumption to abstraction (unitless). See tables S54, S55, S57, S58, S60, S61, S63, S64, S70, S71, S73, S74,
S82, S83. 80, 81, 83, 84, 86, 87, 89, 90, 96, 97, 99, 100, 108, 109

fday,ca,wet fraction of the day-time when the canopy is wet (unitless). See table S23. 49
farai drainage decay factor (L~1). See table S31. 57
fr frozen ration in the uppermost soil layer (unitless). See table S11. 37

fquw,use sector- and cell-specific groundwater use fraction (unitless). See tables S53, S54, S56, S57, S59, S60, S61, S62, S63,
S64, S69, S70, S72, S73. 79, 80, 82, 83, 85-90, 95-100

fa,sqt fraction of the grid area which is saturated (unitless). It is determined by the topographic characteristics and soil mois-
ture state of a grid cell. See tables S22, S58. 48, 84



280

285

290

295

300

305

310

fc unsar fraction of the grid area which is unsaturated (unitless). See table S21. 47
fra2o fraction of the ground covered by water (unitless). See tables S21, S25. 47, 51
fng hydrogeology-related factor (unitless). See table S30. 56

fiy factor interflow (unitless). See table S26. 52

firr storage reduction factor due to irrigation water abstraction (unitless). See tables S29, S39, S43, S52, S53, S56. 55, 65, 69,
78,79, 82

firrepy irrigation efficieny (unitless). See tables S56, S58. 81, 82, 84
firrsw,efy country-specific surface water irrigation efficieny (unitless). See table S56. 82
fia lake area fraction of the grid cell (unitless). See table S49. 75

fiost proportion lost during delivery (unitless). See tables S55, S57, S58, S60, S61, S63, S64, S70, S73, S71, S74, S83. 81, 83,
84, 86, 87, 89, 90, 96, 97, 99, 100, 109

fiost,irr proportion lost during delivery from irrigation sector (unitless). See tables S61. 87, 90, 97, 100
frar interception efficiency of leaf area index (unitless). See tables S4, S9. 30, 35
fpg permafrost / glacier-related factor (unitless). See table S30. 56

fp percentage that receives a precipitation rate greater than or equal to precipitation rate over the fractions of a grid cell
(unitless). See table S6. 32

fpe,c fraction of the grid cell occupied by convective precipitation (unitless). See tables S5, S20. 31, 46
fre fraction of the reservoir fill equal to 1 at total storage capacity (unitless). See table S37. 63

fr relief-related factor (unitless). See table S30. 56

fri,sat tiver channel fraction in the saturated area (unitless). See table S22. 48

froot,i fraction of the roots per soil layer 7 (unitless). See table S24. 50

fr runoff component factor (surface, interflow, baseflow) (unitless). See table S19. 45

JRif.mae fraction of the maximum interflow or subsurface flow (unitless). See table S31. 43

IR, fraction of the area for which the maximum rate of infiltration (infiltration capacity) is less than rate of the infiltration
(unitless). See table S24. 50

fsn fraction of the ground covered by snow (unitless). See tables S7, S8, S10, S11, S12, S25. 33, 34, 36-38, 51
fsopare fraction of the bare soil in a grid cell (unitless). See tables S1, S24. 27, 50

fsopare,sat fraction of the bare soil in a grid cell that is saturated (unitless). See table S24. 50

fso,dep soil depletion fraction (unitless). See table S23. 49

fsotex soil-texture-related factor (unitless). See table S30. 56

fsu,gr fractional area of surface ground (unitless). See table S24. 50
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fswp fraction of the surface water bodies (lakes, wetlands, reservoirs) (unitless). See tables S32, S43. 58, 69
fSs0.mas fraction of the maximum soil moisture (unitless). See table S31. 43
fuw,ip coverage of the water on leaf (unitless). See table S7. 33
fwe fraction coverage of wetland in a grid cell (unitless). See tables S20, S25, S27, S39, S40, S41. 46, 51, 53, 56, 65-67
315 F mass gain due to frost (L3 L=2 T—1). See table S8, S13. 34, 39
F,, frozen soil (©). See table S13. 39
gea canopy conductance (M L T3 ©~1). See table S23. 49
g% water vapor conductance from the canopy air to the atmosphere (M L T3 ©7!). See table $23. 49
g vegetation sensible heat conductance (M L, T~3 ©~1). See table S23. 49
320 g, water vapor conductance from ground to canopy air (M L T3 ©~1). See table S23. 49
gso soil conductance (M L T3 ©~1). See table S24. 50
g+ water vapor leaf level stomatal conductance (M L T3 ©~1). See tables S7, $23. 33, 49
Jst,pot potential leaf level stomatal conductance, non-water stressed (M L T—3 ©~1). See table S23. 49
G grid cell (1). See table S49. 75
325 GAV gross added value per country (money T—1). See tables S69, S70, S72, S73. 95, 96, 98, 99
hoy overflow height (L). See tables S34, S37. 60, 63
h,, water height (L). See tables S34, S37. 60, 63
hw,we wetland water level (L ). See table S42. 68
H heat (M L? T~2). See table S12. 38
330 Hgy, heat flux from the overlaying atmosphere (M L2 T—3 L=2). See table S13. 39
H; excess or deficit of energy needed to change the soil layer temperature to freezing temperature (M T~2). See table S12. 38
H; latent heat (M T—3). See tables S2, S7, S8, S10, S12. 28, 33, 34, 36, 38
H, g latent heat of evaporation (M T—3). See tables S7, S8, S9, S11, S23, S24. 28, 33, 34, 37, 49, 50
H, g, latent heat of sublimation (M T—3). See tables S7, S11. 33, 37
335 Hj, latent heat of melt (M T—3). See tables S8, S12. 34, 38
H s ice latent heat of ice (M T—3). See table S12. 38
H,. sensible heat flux (M T~3). See tables S10,S12. 36, 38
H,,, snow heat content (M T—3). See table S12. 38
H,, ; snow heat content of layer ¢ (M T—3). See table S12. 38
340 Hg, soil heat flux density (M T—3). See table S2. 28
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345

350

355

360

365

370

H,,r1 reciprocal areal heat capacity of the top soil layer (M T~3). See table S12. 38

Hs,; specific heat capacity of layer i (M L? T~2). See table S13. 39

H,,, total surface heat capacity (M L2 T—2). See table S12. 38

¢ number of element or layer or space index (unitless). See tables S8, S12, S19. 34, 38, 45

igs growing-season index (unitless). See table S7. 33

Iy initial intercepted canopy snow load (unitless). See table S9. 35

I.qp interception capacity (L). See table S3. 30

7 weighting parameter that varies between 0 and 1. See table S52. 78

Jeie, A ints,; Water abstraction intensity of powerplant 7. See table S75. 101

Jele,cons,ints,i Water consumption intensity of powerplant ¢. See table S76. 102

Jeie,co0,i cooling system of powerplant <. See tables S75, S76. 101, 102

Jeie,pt,s Plant type of powerplant ¢. See tables S75, S76. 101, 102

Jele,prod,; thermal electricity production of powerplant i (MWh T—1). See tables S75, S76. 101, 102

k soil hydraulic conductivity (L T—1). See tables S13, S14, S21, S25, S27, S28. 39, 40, 47, 51, 53, 54

ksso hydraulic conductivity from the third soil layer to the deeper soil (L T—1). See tables S27, S28, S30. 53, 54, 56
kqq hydraulic conductivity of the layer containing the water table (unitless). See table S30. 56

kyo¢ hydraulic conductivity of the bottom soil with free gravitational drainage (L. T—'). See table S31. 56, 57
k; hydraulic conductivity at the interface j (unitless). See table S25. 51

k;, recession coefficient of the saturated/groundwater storage, producing baseflow /groundwater runoff (T~!). See table S31.
57

ko recession coefficient of the unsaturated zone storage, upper outlet for fast interflow (T~!). See table S26. 52
k1 recession coefficient of the unsaturated zone reservoir, lower outlet for slow interflow (T~1). See table $26. 52

k.. recession coefficient of the unsaturated zone reservoir to the saturated/groundwater reservoir (groundwater recharge /
percolation ) (T~1). See table S30. 56

ksqr effective saturated hydraulic conductivity (unitless). See tables S13, S25, S28. 39, 51, 54

k9%, saturated hydraulic conductivity for groundwater (unitless). See table S31. 57

kip thermal conductivity (unitless). See table S13. 39

Ky generatio ratio for interflow (unitless). See table S26. 52

Ky generatio ratio for overflow of the uppermost layer, i.e. the Horton runoff (unitless). See table S22. 48

lg distance between centers of neighboring grid cells (L). See table S46. 72

lg,ri distance between centers of neighboring grid cells, in river flow direction (L). See table S42. 68
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380

385

390

395

400

l-; length of river sections (L). See tables S45, S46. 25, 71, 72

lyri hom length of homogeneous rivers segments (L). See table S46. 72

L AT leaf area index (L L™1). See tables S4, S5, S6, S7, S9, S49. 30-33, 35, 74-77
LA, ., maximum leaf area index (L L~1). See table S7. 33

LAI,,;, minimum leaf area index (L. L~1). See table S7. 33

LAIL,onn leaf area index of monthly vegetation (unitless). See table S7. 33

LC' land cover (unitless). See table S19. 45

M snowmelt, water that changes from solid to liquid (L3 L=2T~1). See tables S8, S11, S12, S14, S20, S21, S25, S39. 34, 37,
38, 40, 46, 47, 51, 65

M., snowmelt on canopy (L2 L=2 T~1). See table S9. 35

M; snowmelt of layer i (L3 L=2T~1). See table S12. 38

M, flow of liquid water into layer i from the layer above (L3 L=2 T~1!). See table S8. 34
M,,; flow of liquid water out of layer i to the layer below (L3 L=2 T—1). See table S8. 34

M, potential snowmelt, amount of water that could change from solid to liquid independent of snow storage state
(L2 L=2T~1). See tables S8, S12. 34, 38

Msg, snowmelt in a subgrid cell Miiller Schmied et al. [34] (L3 L=2 T!). See table S8. 34
M, snowmelt at the time ¢ (L2 L=2T~1). See table S12. 38

M ynderca snowmelt under canopy (L3 L=2 T—1). See table S10. 36

n linear reservoir cascade index (unitless). See table S46. 72

NR net radiation flux (M L=2 T—3). See tables S2, S10, S12. 28, 36, 38

NR,, net radiation at crop surface (M J L=2 T~1). See table S2. 28

P, relative amount of convective precipitation (L2 L=2 T~1). See table S21. 47

Py, drip, dripping of water at the edge of the canopy (L2 L =2 T—1). See tables S5, S9. 31, 35
Py, dripping of rain at the edge of the canopy(L® L=2 T~1). See table S5. 31

Py s dripping of snow at the edge of the canopy (L3 L=2 T~1). See tables S5, S9. 31, 35
P,y effective precipitation reaching the soil surface (L® L=2 T~1). See table S57. 83

P,, total precipitation falls directly to the ground (snow or soil surface) (L® L=2 T~1). See table S6. 32
P,,.; rainfall falls directly to the ground (L3 L=2 T~1). See table S6. 32

Pyt catm rainfall falling to the ground in calm areas (L3 L=2 T—!). See table S4. 30

Pyt stormy rainfall falling to the ground in stormy areas (L L2 T~1). See table S4. 30

P, snowfall falls directly to the ground (L® L=2 T~1). See tables S6, S10. 32, 36
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410

415

420

425

430

435

Pyr.s catm snowfall falling to the ground in calm areas (L3 L=2 T~1). See table S4. 30

Py, stormy snowfall falling to the ground in stormy areas (L3 L=2 T—!). See table S4. 30

P;,,; precipitation intercepted by canopy (L3 L=2 T—1). See tables S4, S7, S3. 29-31, 33

Pyt interception of rainfall by canopy (L3 L =2 T—1). See tables S3, S4, S5, S10. 29-31, 36

Pint 1.calm interception of rainfall by canopy in calm areas (L3 L=2 T~1). See table S4. 30

Pint 1.stormy interception of rainfall by canopy in stormy areas (L* L=2 T—1). See table S4. 30
Pjnt,max calibration parameter of the canopy storage (L). See table S49. 76

Piyt,s interception of snowfall by canopy (L3 L=2 T-1). See tables S3, $4, S5, S9. 29-31, 35
Pint s calm interception of snowfall by canopy in calm areas (L3 L2 T~1). See table S4. 30

Pint,s stormy interception of snowfall by canopy in stormy areas (L3 L=2 T~1). See table S4. 30

P, rainfall (2 L=2 T—1). See tables S4, S5, S6, S8, S9, S12, S20, S25, $39. 30-32, 34, 38, 46, 51, 65
Priean,c grid cell average precipitation (L? L=2 T~1). See tables S5, S6. 31, 32

P,,, snowfall (L3 L=2 T~1!). See tables S4, S5, S6, S9, S12. 30-32, 34, 35

P; .o snowfall that is affected by the canopy interception and dripping (L? L=2 T~1!). See table S8. 34
P s, snowfall in a subgrid (SG) cell Miiller Schmied et al. [34] (L3 L=2 T~1). See table S8. 34

P, throughfall, total precipitation falls to the ground through canopy spaces (L3 L=2 T—1!). See tables S3, S5, S8, S9, S12,
S14, 820, S21, S22, S25, S30. 29, 31, 34, 35, 38, 40, 46-48, 51, 56

Py, rainfall falls to the ground through canopy spaces (L3 L =2 T~1). See tables S3, S5. 29, 31
Py, s snowfall falls to the ground through canopy spaces (L* L =2 T~1). See tables S3, S5. 29, 31

Py,: total precipitation which includes rainfall and snowfall (L3 L2 T~1). See tables S3, S4, S5, S7, S8, S9, S10, S20, S21,
S25, S32, S33, S35, S38, S39, S47. 29-31, 33-36, 40, 46, 47, 51, 58, 59, 61, 64, 65, 73

PAR photosynthetically active radiation. It is assumed to be 50% of shortwave incoming solar radiation (M L2 T~3). See
table S2. 28

PET total amount of water from transpiration, evaporation, interception losses, and sublimation that would occur if a suffi-
cient water source were available (L3 L=2 T—1). See tables S2, S7, S11, S23, S24, S33, S38, S41, S47, S52, S57. 28,
33, 37,49, 50, 59, 64, 67,73, 78, 83

PET’ overall PET flux reduced by canopy evaporation and evaporation from open-surface-bodies (L3 L=2 T~1). See table
S24.50

PET,,  total amount of water from transpiration, evaporation from the impervious areas, defined here as open water storage
(L3 L=2 T~1). See tables S20, S24. 46, 50

PFT plant functional type (unitless). See tables S48, S49. 74, 75
POP population within the gridcell. See tables S59, S62. 85, 88

POP,;, ; livestock type specific animal population within the gridcell. See table S68. 94
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445

450

455

460

465

POP, urban population within the gridcell. See tables S69, S70, S71, S72, S73, S74. 95-100

POP¢ urban population of a country. See tables S69, S70, S71, S72, S73, S74. 95-100

q specific humidity of near-surface air (M M~1). See tables S2, S7, S11, S23, S24. 28, 33, 37, 49, 50

qgr specific humidity at ground surface (M M™1). See tables S2, S23. 28, 49

qs%, saturated specific humidity at canopy temperature (M M~1). See tables S7, S11, S23, S24. 33, 37, 49, 50
qggt saturated specific humidity at ground surface (M M~1). See tables S2, S11, S24. 28, 37, 50

q?7°" saturated specific humidity at ground surface with snow (M M~1). See table S11. 37

q:", saturated specific humidity at snow (M M~1). See table S7. 33

gso relative humidity of the soil pore space (M M~1). See table S24. 50

sy relative humidity at the near-surface (M M~!) dimensions. See table S11. 37

Qcy environmental flow (L2 T—1). See tables S35, $56, S62, S72, S75. 61

Q; vertical water flux from soil layer above, including infiltration in the upper layer and percolation and capillary rise in all
layers (L2 T—1). See table S14. 40

Q;—1 vertical water flux to soil layer below, including infiltration in the upper layer and percolation and capillary rise in all
layers (L2 T—1). See table S14. 40

Qin.so soil moisture flux (L3 T~1). See table S13. 39
Qin,sury surface moisture flux remaining after surface runoft has been removed (L3 T~1). See table S25. 51

Qi,, inflow upstream of a grid cell (L3 T—1). See tables S32, S35, S43, S45, S46, S54, S55, S56, S57, S59, S60, S61, S62,
S63, S65, S66, S67, S68, S69, S70, S71, S72, S73. 58,61, 69, 71, 72, 80-83, 85-89, 91-99

Qiu,1o mean total annual inflow in a lake (L3 T~1). See tables S34, S43. 60, 69

Qiu.mean mean annual inflow in a reservoir (L3 T—1). See table S37. 63

Qiu.re inflow reservoir (L3 T~1). See tables S35, S37, S43. 61, 63, 69

Qiu.tot,re mean total annual inflow in a reservoir (L3 T~1). See table S37. 63

Qiv,we,up inflow from the wetland of an upstream grid cell (L3 T~1). See tables S39, S40, S45. 65, 66, 71
Q1o outflow from a lake (L3 T—1). See tables S32, S34, S43. 58, 60, 61

Q1a,globar outflow from a global lake (L3 T~1). See tables S32, S34, S39. 58, 60, 65

Q1a,l0car outflow from a local lake (L3 T~1). See tables S32, S34, S39. 58, 60, 65

Qumean outflow mean (L3 T~1). See table S35. 61

Qoq outflow downstream of a grid cell (L3). See table S43. 69

Qrv,up outflow from rivulet storage of upstream grid cells (L® T~1). See tables S40, S45. 66, 71
Qpy preferential flow (L3 T~1). See tables S21, S29, S30. 47, 55, 56
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480

485

490
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Q. outflow from a local reservoir that flows directly into the river channel of the cell (L? T~!). See tables S35, S37, S39,
S43, S46. 61, 63, 65, 69, 72
irr . outflow from a irrigation reservoir driven by water demand in downstream cells (L3T~1). See table S37. 63

re,de

re.alobal outflow from a global reservoir (L2 T—1). See table S37. 63
9 g

irr

re.globar OUtflow from a global reservoir designed for irrigation (L3 T71). See table S37. 63

Qnon—irr

re.globa Outflow from a global reservoir designed for other purposes than irrigation (L3 T~1). See table S37. 63

qurpose

re,globar OUtflow from a global reservoir for irrigation or others purposes (L? T~1). See table S37. 63

Qre.mean long-term mean outflow from a reservoir (L? T~1). See table $37. 63

Qre.min minimum outflow from reservoir (L2 T~1). See table $37. 63

Qre.na non-damaging outflow from reservoir (L? T~1). See table S37. 63

Qre.norm normal outflow from reservoir (L2 T~1). See table $37. 63

Qre.local Outflow from a local reservoir (L3 T~1). See tables S43, S37, S46. 61, 63, 72
Q; streamflow (L3). See tables S35, S43, S45, S46. 61, 69, 71, 72

Qri in streamflow inflow (L3 T~1). See tables S32, S35, S46. 58, 61, 72

Qrin outflow of river storage cascade n (L3 T~1). See table S43. 69

Qrin—1 outflow of prior river storage cascade n — 1 (L T~1). See table S43. 69

Qriout streamflow outflow (L3 T~1). See tables S32, S35, S46. 58, 61, 72

Qriup streamflow from the upstream grid cell (L3 T—1). See tables S40, S45. 66, 71
Qwe outflow from wetland (L3 T~1). See tables S39, S42. 65, 68

Quwe,globar outflow from a global wetland (L3 T—1). See tables S39, S42, S43. 65, 68, 69
Que,locar Outflow from a local wetland (L3 T—1). See tables S32, S35, S39, S42. 58, 61, 65, 68
rp bulk canopy resistance (T L1 . See tables S7, S11, S23. 33, 37, 49

Teq Vegetation or canopy aerodynamic resistance (T L~1; for Mac-PDM.20 cms~!). See tables S2, S7, S11, S23. 28, 33, 37,
49

Tca,dry aerodynamic resistance of the dry leaves (T L~1). See table S23. 49
T floodplain floodplain resistance (unitless). See tables S11, S24. 37, 50

ro architectural resistance (T L~1). See tables S7, S23. 33, 49

rsn SNOW resistance (unitless). See tables S7, S11, S23, S24. 33, 37, 49, 50
rs, bare soil resistance (T L~1). See tables S11, S24. 37, 50

T4o¢ total resistance to water vapor transfer from the canopy to the canopy air (T L~1) . See table S7. 33
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500

505

510

515

520

525

r. aerodynamic resistance (T L~!; for Mac-PDM.20 cms™1). See tables S2, S7, S23. 28, 33, 49
Twea aerodynamic resistance under canopy air space (T L~1). See tables S11, S24. 50

Ry runoff 0 (L3 L=2 T~1). See table S20. 46

Ry runoff 1 (L3 L=2 T—1). See table S20. 46

Ry runoff 2 (L3 L=2 T—1). See table S20. 46

Ry, immediate runoff in urban areas (L2 L=2 T~!). See table S18. 44

R, capillary rise (L3 L2 T-1). See tables S14, S26, S28, S29, S30. 40, 52, 54-56

Rcr maz maximum capillary rise in a cell fraction, depending on height of ground water table and relative elevation of grid
(L3 L=2T~1). See table S28. 54

R¢ total runoff of a grid (G) cell, a lag process between runoff generation and river routing for each grid cell (L3 L=2 T—1).
See table S19, S44. 45, 70

Rgi we,ia liquid runoff from glaciers, wetlands, and lakes / is this a part of saturation excess flow? (M L=2T-1). See table
S20. 46

Ry, groundwater runoff, outflow of the groundwater storage (L® L2 T~1). See tables S14, S29, S30, S31, S32, S43, S54,
S55, S56, S57, S59, S60, S61, S62, S63, S65, S66, S67, S68, S69, S70, S71, S72, S73. 40, 43, 44, 55-58, 69, 80-83,
85-89, 91-99

Ry, groundwater runoff which recharges rivers (L® L™2 T~1). See table S43. 69
Ry, max Maximum drainage when the water table depth is at the surface (L? L=2 T~1). See table S31. 57
Ryw,rout groundwater routing parameter for Mac-PDM.20 (unitless). See table S31. 57

Ryuwup groundwater runoff from the upstream grid cell (L? L=2 T—1). See tables S40, S45. 66, 71

Ry groundwater recharge (L? L=2 T1). See tables S14, S20, S29, S30, S54. 40, 43, 46, 55, 56

R;,’u”,,l; groundwater recharge below surface water bodies (I L2 T—!). See tables S32, S35, S39. 58, 61, 65
Ry groundwater recharge in layer ¢ (L2 L=2 T—!). See table S14. 40

Ryuyri—1 groundwater recharge in layer i — 1 (L3 L=2 T—1). See table S14. 40

Ryuwr.max maximum groundwater recharge (L L=2 T~1). See tables S30, S39. 56, 65

Ryuwr.min minimum groundwater recharge (L? L=2 T—1). See table S27. 56

¢ runoff concentration in a grid (G) cell, of a time step n, represents the lag process between runoff generation and river

routing, for each grid cell. The runoff generated for each grid cell is routed to the corner of each cell and a concentration
time is determined before it enters into the river storage (L2 L=2 T~1). See table S19. 45

R{, runoff concentration in a grid cell of the first time step (L? L=2 T~1). See table S44. 70

Rpo hortonian overland flow or infiltration excess overland flow occurs when precipitation exceeds the infiltration capacity of
the soil. The water excess runs off over the ground surface because soil cannot absorb it (L2 L =2 T~1). See tables S20,
S21, S25. 46, 47, 51
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Rho.calm hortonian overland flow in calm areas (L? L=2 T~1). See table S21. 47
Rh0,stormy hortonian overland flow in stormy areas (L3 L2 T~ 1). See table S21. 47

R;; interflow or subsurface flow, outflow of the soil storage that discharges into river, lake, and wetland storages. It doesn’t
reach the groundwater storage (L2 L=2 T—1). See tables S14, S17, S20, S26, S43. 40, 43, 46, 52, 69

R;f fast fast interflow from the unsaturated storage (L3 L=2 T—1). This does not flow from the soil storage. See tables S17,
S18, S26. 43, 44, 52

Rif.max maximum subsurface flow (L3 L=2 T~1). See table S31. 43

Rt siow slow interflow from the unsaturated storage (L3 L=2 T~1). This does not flow from the soil storage. See tables S17,
S18, S26. 43, 44, 52

R;,, infiltration (L3 L—2 T—1). See tables S8, S10, S14, S20, S18, S21, S25, S27, S57. 34, 36, 40, 44, 46, 47, 51, 53, 83
Rin o corresponding point infiltration capacity (L? L=2 T~!). See tables S20, S24. 46, 50

R;y, g1, infiltration from the base layer (BL) (L* L=2 T~1). See table S30. 56

Rin,cum cumulative infiltration (L2 L=2 T~!). See table S25. 51

R;y,; infiltration in layer ¢ (L2 L72T71). See tables S8, S14, S20, S25. 34, 40, 46, 51

R;p ;1 infiltration in layer 7 — 1 (L3 L=2 T-1). See tables S8, S25. 34, 51

R;p, 1, infiltration from layer (L) (L3 L=2 T~1). See table S26. 52

Ripn mae infiltration capacity or the maximum rate of infiltration (L L=2 T—!). See tables S20, S21, S24, S25. 46, 47, 50, 51
Rin over—so infiltration over soil covered cell fraction (L3 L =2 T~1). See table S25. 51

Rin pot potential infiltration (I3 L=2 T~1). See table S25. 51

Rin ., re-infiltration (L3 L=2 T~1). See table S14. 40

Rin sqt infiltration at saturation level (L3 L=2 T~1). See table S26. 52

Ripn 1y, infiltration from the top soil layer (TL) (L? L=2 T—1!). See table S20. 46

R,y runoff induced by the over saturation at the surface / is this similar to saturation excess flow (L3 L2 T~1). See table S20,
S56. 46, 82

R, percolation or drainage, infiltrated water into the soil that runs off toward the groundwater storage (L3 L=2 T~!). See
tables S14, S18, S25, S26, S27, S29, S30, S39. 40, 51-53, 55, 56, 65

Rye n2osfe bottom drainage from the surface water store (L3 L=2 T~1). See table S25. 51

R, water that leaves the surface layer (topsoil layer) e.g. as overland flow / fast runoff in ISIMIP2b (L3 L=2 T—1). See table
S16. 41, 42

R4 saturation excess overland flow occurs when the soil is saturated or filled with water, and any additional precipitation or
irrigation causes runoff. (L3 L=2 T~ ). See tables S20, S18, S22, S25. 44, 46, 48, 51

R4, sum of water that flows out from subsurface layer(s) including the groundwater layer (if present). Equals groundwater
runoff in case of a groundwater layer below only one soil layer in ISIMIP2b (L3 L=2 T—1). See table S17. 41, 43
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565

570

575

580

585

590

595

R,,, snow runoff, melted water that runs off on the ground surface covered with snow (L2 L =2 T~1). See table S12. 38
Rsnwep,ice ice runoff from snow-capped surfaces / is this a part of saturation excess flow (M L=2 T1). See table S20. 46
Rsoy, infiltration from soil layer ¢ (L3 L2 T1). See table S14. 40

Rsof,i—1 infiltration from soil layer i — 1 (L3 L2 T~1). See table S8. 40

R, surface runoff or overland flow, water excess that runs off over the ground surface as Hortonian overland flow and (rainfall
rate dependent) / or Saturation excess overland flow (soil saturated or filled with water) (L3 L~=2 T—1!). See tables S14,
S16, S18, S20, S22, S25, S32, S43, S44, S46. 40, 42, 44, 46, 48, 51, 58, 69, 70, 72, 85

Ry, ice ice water runoff at the land model resolution / is this the water that runs off over the ground surface covered with ice /
part of saturation excess flow (M L2 T—1). See table S20. 46

Ry, liquid water runoff at the land model resolution / is this the saturation excess flow (M L~2 T—1). See tables S20, S43.
46, 69

Rsupc n runoff generated for each cell that is routed towards the corner of each cell, with a concentration time, depending on

land cover class, slope, and runoff component (surface, interflow, or baseflow). Runoff generated for a grid cell is then
calculated using a triangular-weighting-function (L® L.=2 T~1!). See tables S19, S44. 45, 70

Ry, total runoff from land includes surface runoff, subsurface runoff, and groundwater recharge (L3 L=2 T~ 1). See tables
S14, S20, S18, S30, S35, S37, S43, S46. 40, 44, 46, 56, 61, 63, 69, 72

Riot.1510m1p2p total runoff ISIMIP2b, it includes surface runoff and subsurface runoff (L3 L=2 T~1). See table S15. 41
sy river bed slope (L L—1). See table S46. 72

Sup.sat Slope of saturated vapour pressure (M L= T2 ©~1). See table S2. 28

Swe,mean Mean slope within wetland (L). See table S42. 68

Spus storage buffer (L3 L=2 T~1). See table S57. 83

Sca canopy compartment that retains water from precipitation and loses water through throughfall, stemflow and interception
loss (evaporation) (L3 L—2). See tables S3, S4, S5, S7, S20, S23, S26. 29-31, 33, 46, 49, 52

Sca,aif the difference between the canopy storage capacity and the water stored on the canopy (L L=2). See table S5. 31
Scaint canopy compartment that retains water after precipitation is intercepted by canopy (L® L=2). See table S5. 31

Sca, canopy compartment that retains rainfall and loses water through throughfall, stemflow and evaporation (L3 L~2). See
tables S3, S4, S5. 29-31

Seca,maz Maximum value of canopy storage compartment (L3 L~2). See tables S4, S5, S7, S20, S23, S49, S51. 30, 31, 33, 46,
49,75, 77

Seca,min, Minimum value of canopy storage compartment (L3 L~2). See table S49. 75
Seca,p interception storage parameter (unitless). See tableS49. 75

Sca,s canopy compartment that retains snowfall and loses water through throughfall, stemflow and sublimation (L L=2). See
tables S3, S4, S5. 29-31

Scons conservative storage limit (unitless). See table S37. 63
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600

605

610

615

620

625

S} storage of the fast response reservoir (L3 T~1). See table S22, S26. 48, 52

S'ti00a4 flood storage limit (unitless). See table S37. 63

S specified threshold of the fast response reservoir (L3 T~1). See table S22. 48

Sgw groundwater storage (L3 L=2). See tables S29, S31, S53. 55, 57, 79

Sgw,nrw groundwater storage non-renewable (L3 L~2). See table S29. 55

Sgw.rw groundwater storage renewable (L® L~2). See tables S29, S31, S53, S59, $69. 55, 57, 79, 85, 95
S; storage of i element = overland, baseflow, river or wetland (unitless). See table S52. 78

Sice ice storage (L3 L™2). See table S12. 38

Sice,sn,i+1 solid water stored in the upper snow layer (i + 1), ¢ is the snow layer index (L3 L=2). See table S11. 37
Sj. lake storage (L2 L~2). See tables S32, S33, S34, S47. 58-60, 73

Sia,giobarglobal lake storage (L3 L™2). See tables $32, S34. 58, 60

Sla,global,maz Maximum global lake storage (L? L™2). See tables S32, S49. 58, 77

Sa.locar local lake storage (L3 L=2). See tables S32, S34. 58, 60

Sla,local,maz Maximum local lake storage (L3 L=2). See tables S32, S34, S49. 58, 60, 77

Sla,maz Maximum amount of water in the lake storage (L? L~2). See table S34. 60

Sisn,i+1 liquid water stored in the upper snow layer (¢ + 1), ¢ is snow layer index (L3 L=2). See table S11. 37
Snorm normal storage limit (unitless). See table S37. 63

Spaddy storage of flooded paddy rice (L* L™2). See table S22. 82

Spon ponding storage (sealed areas) (L3 L=2). See table S20, S24. 46, 50

Spon,maz Maximum ponding zone storage (L). See tables S20, S24. 46, 50

S, reservoir storage (L3 L~2). See tables S35, S37, S38. 61, 63, 64

Sre,act actual reservoir storage (L3). See table S35. 61

Sre,c TeServoir storage capacity (L3). See tables S35, S37, S49. 61, 63, 77

Sre,global global reservoir storage (L3 L=2). See tables S35, $43. 63, 69

gpurpose
T

e.globar 8lobal reservoir storage for irrigation or others purposes (L3 L™2). See table S37. 63

Sre,local local reservoir storage (L3 L=2). See table S37. 63

Sre,maz Maximum water amount of reservoir storage (L3 L~2). See tables S35, S37. 61, 63
Sre,tot total reservoir storage capacity (L3). See table S37. 63

S,.; river storage (L3 L—2). See tables S43, S45, S46. 69, 71, 72

Srin state of the nt" cascade in the river storage (L3 L~2). See tables S43, S46, S56. 69, 72, 82
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630

635

640

645

650

655

S, rivulet storage that collects water of small creeks, streams. (L3 L=2). See tables S19, S44. 45, 70
S;. root zone water storage (L3 L=2). See tables S7, S18, S24. 33, 44, 50

Syz,maz Maximum root zone water storage or root zone storage capacity (L3 L=2). See tables S7, S18, S24, S51. 33, 44, 50,
77

Ssn snow storage, compartment that accumulates snow below freezing temperature and loses snow by melting and sublimation
(L3 L™2). See tables S8, S11, S12. 34, 37, 38

Ssoc compartment that accumulates snow on canopy below freezing temperature and loses snow by melting and sublimation
(L3 L=2). See tables S9, S10. 35, 36

Ssn,i snow storage of layer i (L L™2). See table S12. 38

Ssn,i number of snow layers ¢ (unitless). See tables S8,S12. 34, 38

Sen,ice frozen water content in snow storage (L3 L™2). See table S8. 34

Sen, liquid water content in snow storage (L3 L~2). See tables S8, S12. 34, 38

Sen,sa; subcompartment that accumulates snow in subgrid cells below freezing temperature and loses snow by melting and
sublimation Miiller Schmied et al. [34] (L3 L—2). See table S12. 38

Ssue compartment that accumulates snow under canopy below freezing temperature and loses snow by melting and sublima-
tion (L3 L~2). See table S10. 36

Sso soil water storage compartment (L3 L~2). See tables S14, S20, S18, S22, S23, S24, S27, S30, S49, S57. 28, 40, 44, 46,
48-50, 56, 77, 83

Sso,31, soil moisture or soil water content for the third layer (3L) (L3). See table S27. 43
Sso,q,i simulated actual soil moisture content of layer ¢ (L3 L—3). See tables S52, S56. 78

Sso,crit critical volumetric soil moisture concentration that corresponds to a critical water suction potential (L3 L=2). See
tables S23, S24, S57. 49, 50, 83

Sso,cur current soil water content or current soil moisture (L3 L=2). See table S52. 78
Sso,r, frozen soil water or frozen soil moisture at layer index i (L3 L=2). See tables S14, S29. 40, 55

Sso,rc soil water content at field capacity (FC) (L3 L=2). See tables S2, S20, S23, S24, S25, S30, S57. 28, 46, 49-51, 53, 56,
78, 83

Sso.r1, soil water content in first layer (FL) (L3 L=2). See table S24. 50

Sso,i soil storage in layer i (L3 L=2). See tables S14, S24, S25. 40, 50, 51

Sso,in: initial soil water content or soil moisture (L3 L=2). See table S25. 51

Sso.1.i liquid soil storage in layer i (L3 L™2). See table S14. 40

Sso,max maximum soil storage (L? L=2). See tables S20, S23, S24, S30. 46, 49, 50, 56
Sso,maz,; Maximum soil moisture content of layer ¢ (L3 L—3) See table S25. 51, 76
Sso,pot potential soil water content or soil moisture (L3 L=2). See table S25. 51
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665

670

675

680

685

690

Sso,maz,31, Maximum soil moisture or soil water content of the third soil layer (3L) (L). See tables S17, S30. 43, 56
Sso,r,i residual soil moisture content of layer ¢ (L3 L73) See tables S24, S25. 50, 51

Sso,ready Teady available soil water content (L3 L=2). See table S57. 78, 83

Ssorel relative soil water content or soil moisture (L3 L=2). See tables S21, S23, S24, S25. 47, 49-51

Sso,sat, 1, SOil water content at saturation in first layer (L3 L=2). See table S25. 51

Sso,s¢ subgrid soil storage (L3 L—2). See table S20. 46

Ss0,5G,min, Minimum subgrid soil moisture storage (L3 L—2). See table S20. 46

Ss0,5G,maz Maximum subgrid soil moisture storage (L3 L=2). See table S20. 46

Sso,sat s0il water content at saturation (SAT) (L3 L=2). See tables S21, S25, S26, S$28, S30, S57. 47, 51-54, 56, 78
Sso,sat,p SOil water content at saturation parameter (unitless). See tables S49, S50. 75, 76

Sso,t,s target soil moisture content of layer i (L3 L=3). See tables S52, S56. 78

Sso,721. volumetric soil moisture content or soil storage for the top two layers (T2L) (L3). See tables S20, S57. 46, 83

Sso,r1. total available water capacity for the top soil layer (L2 L1 L~2). See tables S18, S22, S49. 44, 48, 76

Ssotor total soil water content or total soil moisture (L3 L2). See tables S20, S21, S23, S24, S25, S26, S28, S30. 46, 47,
49-52, 54, 56

Ssour unfrozen soil water or unfrozen soil moisture (L® L—2). See table S14. 39

Sso,ur; unfrozen soil water or unfrozen soil moisture at layer index 4 (L3 L=2). See tables S14, $29. 40, 55

Sso,uF;. ,,, unfrozen soil water or unfrozen soil moisture at the layer ¢ that has groundwater table (L3 L~2). See table S30. 56
Sso,w,i s0il moisture limit above which the actual transpiration is equated with the PET at layer ¢ (L3 L—3). See table S24. 50

Sso,wp soil water content at wilting point (WP) (L3 L=2). See tables S20, S21, $23, S25, $26, S30, S52, S57. 46, 47, 49, 51,
52,56, 78, 83

Sso,r frozen soil water or frozen soil moisture (L3 L=2). See table S14. 39

Su» unsaturated zone storage (L3 L=2), with two possible outflows: fast interflow and slow interflow. See tables S26, S30. 52,
56

Suz,thr threshold for the unsaturated zone storage (L) which triggers fast interflow. See table S26. 52
Sw,first the water storage at the beginning of the year (L3 L=2). See table S37. 63

Swe wetland storage, compartment filled by precipitation or inflow and emptied by evapo(transpi)ration, outflow and ground-
water recharge (L3 L2). See tables S39, S42, S$56. 65, 68, 82

Swe,globar global wetland storage (L L™2). See tables S39, S42. 65, 68
Swe,global,maz Maximum global wetland storage (L* L™2). See tables S39, S49. 65, 77

Swe.local local wetland storage (L3 L~2). See tables S39, S42. 65, 68
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695

700

705

710

715

720

Swe.local,maz Maximum local wetland storage (L? L~2). See tables S39, S42, S49. 65, 68, 77

S, specific yield depending on soil properties and water table location (M L~1). See table S29. 55
SAI exposed stem area index (unitless). See tables S4, S6. 30, 32

SR incoming solar radiation (M T~2). See table S2. 28

SWE snow water equivalent (L3 L=2 T-1). See tables S10, S13. 36, 39

t time (T). See tables S3, S7, S8, S9, S10, S11, S13, S14, S19, S25, S29, S31, S32, S34, S35, S39, S43, S44, S46. 29, 33-37,
39, 40, 45, 46, 51, 55, 57, 58, 60, 61, 65, 69, 70, 72

tret topographic index of the retention time (L). See tables S43, S45, S46. 69, 71, 72

tri, fast property of the fast reservoir (25 T L~1). See table S43. 69

tri slow property of the slow reservoir (3 T L~1). See table S43. 69

tri stream property of the stream reservoir (0.24 T L~—1). See tables S43, S45, S46. 69, 71, 72
twe lag time for outflow computation of the wetland storage (T). See table S42. 68

taay day of year (L). See table S12. 38

tyear Number of days in the actual year (L). See tables S2, S12. 28, 38

tri, triangular function (unitless). See table S19. 45

T transpiration, water evaporated by plants through their stomata (L3 L2 T~ 1). See tables S1, S14, $23, S25, S$52. 27, 40,
49, 51, 78

Tae: actual transpiration, the initial water evaporated by plants through their stomata (L3 L2 T~1!). See table $23. 49
T$™cov transpiration of snow-covered canopy (L3 L=2 T~1). See table S23. 49

Ts-free transpiration of snow-free canopy (L3 L=2 T~1). See table $23. 49

T; water removed by transpiration in each layer i (L2 L=2 T~1). See table S14. 40

Tnae maximum transpiration (L3 L2 T~ 1). See table S23. 49

Tpot potential transpiration, water evaporated by plants through their stomata, if a sufficient water source is available (L3 L=2 T—1).
See table S23. 49

Uca.sn canopy snow unloading from wind speed and above-freezing temperatures (L3 L=2 T~1). See table S9. 35
v flow velocity (L T—1). See tables S45, S46. 71, 72

Umean mean flow velocity (L T~1). See table S46. 72

W wind speed (L T—1). See tables S2, S7, S11, S23, S24. 28, 33, 37, 49, 50

W, wind speed at 2m height (L T—1). See tables S2, S23, S24. 28, 49, 50

w, . balance of surface water (M). See table S25. 51

X irrigation efficiency (unitless). See tables S54, S55, S57. 80, 81, 83
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725

730

735

740

745

750

Xconv conveyance efficiency (unitless). See table S57. 83

Xaiom Wwater use efficiency of the domestic sector (unitless). See tables S60, S63. 86, 89
X, evaporation efficiency (unitless). See table S2. 28

Xina water use efficiency of the industrial sector (unitless). See tables S70, S73. 96, 99
2z gravitational potential (M L~ T~2). See table S13. 39

Z vertical coordinate (L). See table S28. 54

Z. matric head induced by capillary action (L). See table S28. 54

« empirical parameter (unitless). See tables S13, S24, S25, S46, S52. 39, 50, 51, 72,78

[ empirical shape parameter. It needs to be fitted during the calibration processes (unitless). See tables S13, S18, S21, S24,
S25, S31, S46. 39, 44, 47, 50, 51, 57, 72

7 psychrometric constant. See tables S2, S7, S11, S23, S24. 28, 33, 37, 49, 50
A, root zone soil moisture stress parameter (unitless). See table S7. 33
I" gamma function (unitless). See tables S31, S46. 57, 72

0 time variation (unitless). See tables S3, S8, S9, S10, S11, S12, S13, S14, S20, S24, S25, S28, S29, S30, S32, S35, S39, S43,
S44, 545, S46. 29, 34-36, 38-40, 46, 50, 51, 54-56, 58, 61, 65, 69-72

At time step (T). See tables S4, S5, S7, S8, S9, S10, S11, S12, S13, S20, S25, S30, S34, S35, S37, S43, S45, S46, S53, S59,
569. 30, 31, 33-39, 46, 51, 53, 56, 60, 63, 71, 72, 78, 79, 85, 95

€. empirical constant (17.8), found by calibration [25] (unitless). See table S2. 28
Csn snow layer thickness of layer j (12 L=2). See table S12. 38

Cso,i soil layer thickness of layer 7 (L). See table S13, S52. 39, 78

n parameter (unitless). See table S31. 57

0 air temperature (©). Note: in the equations, air temperature is in Kelvin degrees. See tables S2, S7, S8, S9, S10, S11, S12,
S25. 28, 33-36, 38, 51

Oday,mae daily maximum air temperature (©). See table S2. 28
Oday,mean daily mean air temperature (©). See table S2. 28
Oday,min daily minimum air temperature (©). See table S2. 28
0, triple point temperature for water ©). See table S12. 38
Ofreeze freezing temperature (©). See table S12. 38

0min minimum air temperature (©). See table S7. 33

0 montyr, mean monthly air temperature (©). See table S2. 28

0y air temperature above 0 (O). See tables S8, S12. 34, 38
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755

760

765

770

775

780

05, snow temperature (O). See table S12. 38

Os,.i snow temperature of layer ¢ (©). See table S12. 38

05, soil temperature (©). See tables S12, S23, S25. 38, 49, 51

fs0.i soil temperature of soil layer ¢ (©). See table S13. 39

0s0.i+1 soil temperature of soil layer i + 1 (©). See table S13. 39

0., temperature of the surface layer (©). See table S10. 36

fsc, mean air temperature in a subgrid cell Miiller Schmied et al. [34] (©). See tables S8, S12, S13. 34, 38, 39
Oyeq vegetation temperature (©). See table S23. 49

¢ storage parameter, defined as the hydraulic retention time of a single linear reservoir segment of length [,.;. It can be calculated
as the average travel time of water through a single river segment (unitless). See table S46. 72

k calibration constant (2.3 x 10%) that approximately compensates for the differences in advection or in vapour transfer effect
[25] (unitless). See tables S2. 28

Kgw retention time for water in the groundwater storage (L). See table S30. 57

Ko retention time for water in the overland flow storage (L). See table S44. 45

Kr; retention time for water in the river flow storage (L). See tables S43, S46. 69, 72

A water distribution uniformity scalar, depending on the irrigation system. See table S57. 78
v decay coefficient (T'). See table S13. 39

IIg,, infiltration shape parameter (unitless). See tables S20, S24. 46, 50

Pair density of atmospheric air (M L3). See tables S2, S7, S11, S23, S24. 28, 33, 37, 49, 50
pice intrinsic density of ice (M L~3). See table S12. 38

psn.i snow density of layer i (M L~3). See table S12. 38

pw density water (M L—3). See tables S8, S9, S10, S11. 34, 36, 37, 78

o subgrid topographical variability (unitless). See table S20. 46

7 time constant (T). See table S25. 51

v scale parameter (unitless). See tables S31, S24. 50, 57

0so soil porosity (L3). See tables S13, S20, S22. 39, 46, 78

X constant, energy needed to melt ice (M L2 T2 L—3). See table S12. 38

X energy of fusion (M L? T—3 L=2). See table S12. 38

X energy flux given to the pack because of liquid water refreezing or removed from the pack during melt (M L=2 T2 L=3).
See tables S8, S10. 34, 36

Xrs energy flux advected to the snowpack by rain or snow (M L=2 T—2 L.=3). See tables S10, S12. 36, 38
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Xto total energy (M L2 T—2 L.—2). See table S12. 38
785 W matric potential(M L~ T~2). See table S13. 39
U, soil matric potential of layer i (M L~ T~2). See table S28. 54
W+ matric potential of the layer directly above the water table (M L~ T—2). See table S30. 56
W4, saturated soil matric potential (M L~! T—2). See table S13. 39
W,qe,s saturated soil matric potential of layer ¢ (M L~! T—2). See table S28. 54

790 W, matric potential at the water table (i.e. 0) (M L~ T~2). See table S30. 56
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Table S1. Actual evapotranspiration (AET)

Model Equation
CLM4.5 AET = Eco + Eso+T
CLMS5.0 AET = Eco + Eso +T
CWatM AET = Eco + Eio+Ere + Eri+Esp+ Eso +T
DBH AET = Eeo+ Eso+T
HO8 AET = Es,
JULES-W1 AET = Eco + Esn + Eso +T
LPJmL AET = Eco + Eio + Eve + Eri + Esp + Eso +T
Mac-PDM.20 AET =FEcq + E5o
MATSIRO AET = E°° + BT + Ban + Baosice + Bo0/ 70"
mHM AET = Ecq + ETso,
MPI-HM AET = Aipr + Eso + Eye +T
ORCHIDEE AET = Eco + Efioodplain + Esn + Eso
PCR-GLOBWB AET = Eco + Ejo + Eve + Eri + Eso
N

vIC AET = fean X (Eea +T) + faopare X Eso

N+1 e

for: " fean = 1 see details [28]; [29]; [20]

n=1
WaterGAP2 AET = Eca+ Eia+ Ere + Esn + Eso + Ewe
WAYS AET = Es,
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Table S2. Potential evapotranspiration (PET)

Model Equation
CLM4.5 not represented
CLMS5.0 not represented
0.408 X Sup sat X (NRn — Hso x 290 % W X (esat + €ac
CWatM PET = sepsar X )7 X 5 X Wa X (€sat F Cact)
Sup,sat 77 X (1 +0.34 x Wz)
DBH not represented
HOS PET — Pair X Tw X (qﬁét —ggr), et snow present
Pair X Tw X (q20, — qgr) X e, snow absence
Where zeta is ¢ in Milly [31].
1.0, 0.75 X Sso,Frc < Sso
And Xt = W xS, ’
{0-75;35;,0}707 0.75 x SSO,FC > Sso
JULES.W1 ppp — 0A08X sup sar X (NRy — Hso) +7 x 28 x W3 X (€sat + €act)
Sup,sat “I’X X (1 +0.34 x WQ)
LPJmL PET = — Swwsat___ 2XPAR
(Svp,sat +77 % 0) H g
Mac-PDM.20 PET = Svpsat X (NR,, — Hso) + ¥ X Cair X (€sat — esat,dcw)rx Tw
(597.3 — (0 — 273.15) x 0.564) X (Svp,sat +7v X (1+ 7))
MATSIRO PET — 0.408 X Sup,sat X (NRn — Hso) +7 X 28 x Wy X (€sat + €act)
Sup,sat + X (1 +0.34 x WQ)
(used only in crop growth scheme)
mHM PET =k X SR X ((Oday,mean — 273.15) 4+ €c) X \/Oday,maz — Oday,min)- See [25]
0.408 X Sup,sat X (NRn — Heo x 200 x Wa X (esat + €ac
MPI-HM PET = X Sup.sat X ) £ X "5 X Wa X (Caat +€act)
Svp,sat +v X (1 +0.34 x Wz)
ORCHIDEE PET = pair X Churie x W X (q2, — q). See [33]; [31]
€sat
PCR-GLOBWB PET =1x0.165 X 216.7 X tycar
x x X pear X g h —273.15) 1 273.3
0.408 X Sup,sat X (N Rn — Hyo) + pair X Caiy x (Eoattéact)
VIC PET = w
s Svp,sat +y
WaterGAP2 PET =Cpr x —2°"_ « NR
Svp,sat +y
1.26, G =humid
Cpr = . .
1.74, G = arid or semi-arid
4098x0.6108 x oxp (127X (0 -273.15) )
Svp,sat = (6—35.85)2
_ 0.0016286x101.3
H,
2.501 4+ 0.334(MJ kg 1), 0 < 273.15
H = +0.334MI kg ™), See [13]
2.501 —0.002361(MJ kg™") x (8 —273.15), 6 >273.15
WAYS ppp — 0408 X sup sar X (NRy — Hso) +7 x 28 x W3 X (esat + €act)

Svp,sat +v X (1 +0.34 x WQ)
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Table S3. Canopy storage (S¢q)

Model Equation Water Flux
Inflows Outflows
6SCG
CLM4.5 = Pint — (Pihi+ Pinys) — Eca Pint Piny Pins
ot E
53(,‘(1,
CLMS5.0 = Pint — (Pih,i + Pin,s) — Fea Pint Ping Pin,s
ot E
6SCG
CWatM g; = Ptot - Pth - Eca Ptot Ecu Pth
6 ca
DBH St = Ptot - Pth - Eca Ptot Eca Pth
HO8 not represented
6SCG
JULES-W1 5t = Ptot — Pth — Eca Ptot Eca Pth
6SCG
LPJmL 5t = Ptot - Pth - Eca Ptot Eca Pth
Mac-PDM.20 not represented (all water intercepted is assumed to evaporate)
ca 6 ca 6 ca,s
MATSIRO 08ca _ Ocat | Ocass Pint Pint.s Ecai Eea,s
ot ot ot
5Seat Pin,i Pin,s
5t = = Pint, — Pin,t — Eca,l
65‘::,5 = P’int,s - Pth,s - EcaA,s
mHM 65;@ = Ptot - Pth - Eca Ptot Eca Pth
MPI-HM not represented
6SCG.
ORCHIDEE St = Ptot - Pth - Eca Ptot Eca Pth
6SCG.
PCR-GLOBWB 5L Piot — Pih — Eca Piot Fea Pin
6SCG.
VIC ot = Ptot — Pth — Eca See [28] Ptot Eca Pth
6SCG.
WaterGAP2 = Ptot — Pth — Eca Ptot Eca Pth
WAYS 65;a = Ptot - Pth - Eca Ptot Eca Pth
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Table S4. Precipitation intercepted by canopy storage (P;t)

Model Equation

CLM4.5 Pint = 0.25 X (Prq + Pan) % (1 - exp( — 0.5 % (LAI + SAI)))
0.25 = scales interception from point to grid cell

CLMS5.0 Pint = 0.25 % (Pra + Pon) % (1 - eatp( — 0.5 x (LAI + SA1)>>
0.25 = scales interception from point to grid cell

CWatM Pint = min(Ptot,Sca,maz)
Sca,maz from Global Land Cover Characteristics database version 2.0 varying every 10 days depending
on land use class

DBH Past = Pao x (o few x exp SEEAT )

HO8 not represented

JULES-W1 not represented

LPImL not represented

Mac-PDM.20 Pint = Icap X (1.0 —exp(—0.5 X Piot))

MATSIRO Pint, = (Bstormy % Pint,stormy) + (1= Betormy) X Pint,t,caim
Pint,s = (Bstormy X Pint,s,stormy) + ((1 — Bstormy) X Pint,s,calm)

. P, r,l,storm S a,maxr Sca
Pint,l,stm'my =mn (fLAI X (Pg'r‘,L,(:alm + gB:;OimU y) 5 o At J)
Pint,l,calm =min (fLAI X Rqr,l,calm7 W)
. P{ r,8,5torma Sca,wLaw - Sca,s

Rnt,s,st(wrny =mn <fLAI X (Pgr,s,cul'm + ‘]Bstormy ! ) s At )
Pint,s,calm =min (fLAI X Rq'r,s,calm, W)

mHM Pint = min(Pt()hS(:a,maw)

MPI-HM not represented

ORCHIDEE not represented

PCR-GLOBWB not represented

VIC not represented

WaterGAP2 P’int - Ptot - (Sca,maz - Sca)

WAYS Pint,l = PTa - (Sca,maz - Sca)
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Table S5. Throughfall (P;)

Model Equation
Sca int — Sca max Pra
LM4. P = : : >
CLM3. AL 8 Prat Pan =0
P = ca,int — Pca,max sn >
o, At Pt P
Sca,int ?Sca + Pg}t x At >0 I
LMS5. P — ca,int — Pca,max ra >
C 5.0 th,l . AtS X Pra; Psn P 0
P = ca,int — Pca,max sn >
thi At Pt P
Seca,int = Sca + Pint X At >0
CWatM Pth, = Ptot + Sca - Eea
—Cp XLAI
DBH Pth = Ptot X (1 — fca + (fca X exp fea ))
HO8 not represented
fpc,g*XSca,max
Sca Prot XAt Sca
Jules-W1 Pth = Ptot X (1 — ) + (Ptot X 5 ) See [5]
LPJmL Pth = Ptot - Eca
Mac-PDM.20 not represented
MATSIRO Pin = Par + (Prot — Pint)
Pint = Pint,i + Pint,s
Pdr - PdT,l +Pdr,s
Parg =114 x 107" x exp (3.7 x 10° X Seq,1)
Pars =114 x 107" x exp (3.7 x 10° X Seq,s)
mHM Pth = maxr <0aPtot - (Sca,maz - Sca))
MPI-HM not represented
ORCHIDEE Pip = (Prot X (fea,maz X (1 —exp(~LAI)))) x Cp,,
Piot, Sca > Se
PCR-GLOBWB Pyp=4 00 Dee=Pcamaz
07 Sca < Sca,maz
VIC P = Poean.c ¥ exp<7_f = Sm*‘“’f)
mean,G
Seca » — Se
Sca,dif = 7ca’mzt “
P, ca,maz — Sca
WaterGAP2 Pu=14" tot < (Sea, Sea)
Piot — (Sca,maz — Seca), other
WAYS Pth = max (07Ptut - (Sca,'rnua; - Sca))
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Table S6. Precipitation falls directly to the ground (Fy,)

Model Equation

CLM4.5 Pyt =Pra x (1—0.25 % (1 —exp(—0.5 x (LAI + SAI))))
Pyrs = Poy X (1=0.25 x (1 —exp(—0.5 x (LAl + SAI))))

CLMS.0 Pyri=Pra X (1-0.25x (1 —exp(—0.5 x (LAI + SAI))))
Pyrs = Pop x (1—0.25 X (1 —exp(—0.5 x (LAl + SAI))))

CWatM not represented

DBH not represented

HO8 no canopy compartment, rainfall and snowfall fall directly to the ground. Py, = Prq + Psn

JULES-W1 not represented

LPJmL not represented

Mac-PDM.20 not represented

MATSIRO computed same as table S5

mHM not represented

MPI-HM not represented

ORCHIDEE not represented

PCR-GLOBWB not represented

VIC Py =- (%) xIn(fp); for 0< fp < 1. See details [29]

B
WaterGAP2 not represented "
WAYS not represented
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Table S7. Canopy evaporation (E.q)

Model Equation
CLM4.5 Foa = —pair x (92214
’I‘ tot
CLMS.0 Foa = —pair x (9014
Ttot
CWatM E.o=PET x ( : ) where: Sca,mas = LAT
LATI is varying every 10 days depending on land use class
DBH B, = 1 Cca =€\ [ Pair X Cair | Fraon
H g b
HO8 not represented
Jules-W1 FEcq = fo X PET. See [4]
LPJmL Eco = min{PET,Scq}
Mac-PDM.20 Ecq = P;yy (all intercepted precipitation is assumed to evaporate)
MATSIRO Eea = (Eca + Eea,s);
where:

Eeat ™ = (1= fon) X fuwis X Hig X pair X Coug, 5i X W X (ngtz+l —q);
Eeas'™ = (1= fon) X fuwir X Hip.,, X pair X Comin.mi X W X (ngtwl —q);
_ Hl,E7 0 <273.15

H, =
Hip.,, 0>273.15
2
Sca 3
mHM Boa = PET X (s) » Seamaz >0
0, Seca,maz =0
MPI-HM not represented
ORCHIDEE Eca =(gsar —q) X W X Coy X (1 —T5n) X Tca
PCR-GLOBWB Eeo = PET
2
3 .
VIC Eeamas = PET x ( Sea ) x T
ca,mazx (Tw + 7'0)

Seca,maz = 0.2 X LAImonth
Eco = Eca,maz X f
Seca + Prot X At

Fowne X AL ) See [28]
2

f=min <1,

H
WaterGAP2 E.o = PET x <A>

ca,max

where:
Sca,maz = 0.3mm x LAT
LAl is calculated based on simple growth model and based on land cover characteristics, see [34].

3
WAYS Eco = PET x <A> where: Sca,maz = 0.3mm x LAT

The leaf area index (LAI ) is seasonal varying which is determined by the growing-season index (igs),
day length (¢) and the current root zone water storage (Sy.), see [54].
LAI = LAILhin +ics X (LALnaz — LAInmin)X
iGs = f(Omin) X f(t) X f(Srz)
0, Omin < 271.15
F(Omin) = § 2min=2TL15 971 15 < 0,4, < 278.15;

278.15—-271.15"

1, Omin > 278.15
0, ¢ < 36000
— t—36000
F(t) = q 56528000 . 36000 < t < 39600
1, £ > 39600

Srz X (Srz,maz + Arz)

Srzmaz X (Srz + Arz)
The root zone soil moisture stress parameter A, is fixed at 0.07.
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Table S8. Snow storage (Ssr)

Model Equation

Water Flux

Inflows

Outflows

CLM4.5 0Ssnjice _ | Jon X (Pon+(F = Esn)) =M, i=38
—M, i=Semi+2,..
8Ssni | (fon X (Pra+ (Edew — Eso)) — Mout) + M,
S8t | (Min — Mowe) + M,
CLMS5.0 0Ssn,ice fb,, X (Psy 4+ (F —Esp)) =M, i=Ss,;+1
M, 1= Ssn,i+2,...,
0Sen, | (fsn X (Pra + (Baew — Fso)) — Mout) + M,
ot (Min — Mout) + M,
0Ssn
CWatM 5= Py — M — Egn
p [P 0<21315
o, 0>273.15
HO8 ‘sg—f" =Py — M — By,
JULES-W1 55;‘" = Py — M —E,,
LPJmL 3Ssn _ [Sen—Pin—M —Ewn, 6<273.15
ot Ssn — M — Eqn, 0> 273.15
Mac-PDM.20 5?;" =P —M
Piot, y
P, = ot, 0 <Om
0, 6>0nm
0Ssn
MATSIRO gt =Psca — Esn — M+ F
mHM 95sn _ P, — M
ot
P., = onz, 0 <On
0, 0> 0m
0Sen _ 0Ssniice | 0Ssni
MPI-HM O + 25
sn,ice — Psn M F
55& !
sn,l
= Mpot —M — F
5t pot
g [ Sens 0<21315
o, 0> 273.15
ORCHIDEE 0Ssn,i _ Psp + Pro — Rm,i —M ;i — Esn, Z =
ot Rin,i—1 — Rin,i — M, i=2,3
See [53]
6Ssn
PCR-GLOBWB  °" = Py, — M
0Ssn _ H XM
vie ot Frat (pw xHy g pwxHy < At
0Ssnice _ P+ H . xm
ot pw X Hip  pwx Hu
65 1 100
WaterGAP2 5t = 100 % ,:Zl (Ps,s6; — Msg, — Esn,s6;)
Piot, Osa, <273.15
Ps sc, =
0, other
WAYS 08sn _ Pon— M

ot

) x At. See [2]

ves0

]

Psn Pra Egew
F

IDS‘I], Pra Edew
F

Prot
Py

Prior for
6<273.15

P

Psp

Pica F

P F

Psn Pra

Pan

Pra Psp

Esn M Mou:

Esn M Mout

M E,,

Esn Rin
M Egn

M Eg,

M E;,

M

Esn M
M

M

Rini M Esn

M
H, Hi,p
xm Hym

Mg Esn

M




Table S9. Snow held on the canopy (Ssoc)

Model Equation Water Flux
Inflows Outflows
CLM4.5 Interception by vegetation does not distinguish between liquid and solid phases
CLM5.0 55(;% = Pint,s — (Par,s — Uca,sn) X At — Ejpsm X At Pint,s Eifsm Uca,sn
Par,s
CWatM not represented
DBH 85s0c = Piot — Psn — Pyr — Eea Piot Py Par Eca
for ambient temperature lower than the freezing temperature, precipitation is retreated as snow.
HO8 not represented
5 —Pig
JULES-W1 5‘;;“ - <o.7 x (4.4 x LAI) — Io) x (1 — expTAxLAT )) — Eup — Mo — 0.4 X Meq. See [5] Pyt for M Eon
0<273.15; Iy
LPJmL not represented
Mac-PDM.20 not represented
MATSIRO 6%% = Pint,s — Par,s — Eca,s Ping,s Par,s Eca,s
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
PCR-GLOBWB  not represented
VIC 2% = frar X Pan. Psn
frar =0.6 See [2], [48]
WaterGAP2 not represented
WAYS not represented
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Table S10. Snow under canopy (Ssuc)

Model Equation Water Flux
Inflows Outflows
CLM4.5 see table S8
6SG’LLC
CLM5.0 & = fsn X (Pint,i + Edew — Eca,) X At Pinti Edew Eea,
CWatM not represented
DBH 5‘5(;S;LC = qu,s - Esn,so - Rzn P_qr,s Esn,so R'Ln
HO8 not represented
6SS’LLC SSOC
JULES-W1 5t = I'tot — 5t - Munde'rca - Esnunderca Ptot for Munderca
6<273.15 Esnunderca
LPJmL not represented
Mac-PDM.20 not represented
MATSIRO see table S8
mHM not represented
MPI-HM not represented
ORCHIDEE see table S8
PCR-GLOBWB  not represented
6SS’U.C >< 057_1.
VIC Pw X Cice X —— =H;+ Hse + NR+ X + Xrs. See [2] Prot SWE
WaterGAP2 not represented
WAYS not represented
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Table S11. Sublimation (Esy)

Model Equation
CLM4.5 Esn = Eso —maz | Eso X Stosn.ict1 ,o) for Eso >0
Sice,sn,i+1 + St,sn,i+1
CLMS5.0 Esn =min (AET7 62:
CWatM Esn =min(M, Eso)
1 €ca — € Pair X Cai'r') Hl E
DBH E;, = X X X fea,sn X m——7——
Hip ( Ty ) ( ol f H e+ H k.,
HO8 Es, = PET
Pair ca
JULES-W1 Egn = ——— X (@sat —
Tso+ Tca p (q t q)
Esnunderca = T x (¢, — .S 171; [47
snunderea = 5 T (q2a: — q)- See [17]; [47]
1 -1 sn > 0.1
LPlmL. B — 0.1 (mm day1 ), Ssn>0.1(mm)
0 (mmday™"), Sen <0.1(mm)
Mac-PDM.20 not represented
MATSIRO E.sf»ﬁeegrtﬂ = (1= fon) X fr X Hi, B, X pair X Chutk,Bg X W X (qou X 0l - q)
Bt — £ X Hy g, X Pair X Chuik,gg X W X (qggisntﬂ —q)
mHM not represented
MPI-HM not represented
ORCHIDEE Esn = (q;gt - q) x W x Csu X (1 - Tfloodplain) X Tsn
PCR-GLOBWB not represented
VIC Bap= — L2 gee )
Pw X Hl,Esn
WaterGAP2 Egn,sq; = PET see [42]
WAYS not represented
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Table S12. Snowmelt (M)

Model Equation
CLM4.5 M= H A e it 1,.0
Hyp
CLM5.0 M = min (S i)
Hy
CWatM M = Cy X Cinyseason X (1+0.01 X Prg) X (05, — 0nr) X At — Esp; See[45]

for 10 elevation zones per grid.
Mglac'ier = Cmglacier X Cm,seasonglam‘er X (QSGi - 01\/[)
for 3 elevation zones per grid

DBH M =0frceze X (Hiot +0Hiot) — (0so X Hiot +0 X §Hyot)
HOS M= - with Hypjee = 0.333 x 10°
M,ice
min ( Ssn, __0-0n _
JULES-W1 M= Z;”IXHS"TL) for 6 > Oar; M x At < Sen; Hy x M x At < QH& for details see
soT L
[22]
- S 6 >273.15
LPJmL M ={ 0.3x
Rsn = Pth, Ssn > 20.000 (mm)
MacPDM.20 M min (San,Com X (0 —273.15)), 0> 273.15
0, 0 <273.15
N
MATSIRO M=>"M,
=1
fork=1,N

for k = 1( starting from top layer)
for Ssn(l) 75 0and Op < Osp1
Hsn — o — Hsnl _ Cice X Ssnl X (GJM - asnl)

s At
H,

M= . snl sn

mzn( AL ,Hlu

Mi=fonx M

Hsn = Hsn - (M X HIVI)

for2<k<N

0sn,k = asn,k +

Hsn
Cice X Ssn,k

X At

Hsn — max (Cice X Ssn,k X (esn,k - 91\4) 70)
At
; Ssn,i Hsn
]mem< At ’HM)
M; = fsn x M
mHM M = min (Ssn, (0 —0rr) x Cr,)  where 0 > 0
year

M = Mpot +maz (0,Ssn,; —0.06 X Ssp)
1.9 % 10° x 22t 5 (o X (Oom,i — 0) — Hs

ORCHIDEE M; = Seni — 7 " See [53]
M ice
PCR-GLOBWB M = min (Ssn, (0 —0rr) x Cr)  where 0 > 0y
VIC Xto = (NR+ Hge + Hy + xrs) X At. See [2]
m 5, —273.15), > 27315, Sen. 5,
WaterGAP2 A= J Omx(0sa; =273.15), Osc, > 27315, Sen 56, > 0 mm
0, other

C), = landcover specific degree-day factor, see [34]
min (Ssn,Cm X (0 —273.15)), 6 >273.15
0, 6 <273.15

WAYS M=
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Table S13. Frozen soil (Fso)

Model Equation
CLM4.5 Hed 80 5 (G0, 00, = Hatm "+ 5322 X (B0, —0s0,5) — oo K120t o)
ken X (0s0,i" 1 =0s0,i41" 1)
(170[) X =t dpit1—dn,i -
Where the superscripts n and n + 1 indicate values at the beginning and end of the time step, respectively.
Sf?e [374] kin X (850, =6 ")
s0,i XGso0,i n ny __ n atm n th X (Vso,i —0so,i
CLMS5.0 —ar X (950,i 1 *eso,i ) = Hautm +551;S7;Z X (950,i 1 *eso,i)*ax W —
n+l_ n+1
(1—a)x Fin (95;’2 _Z“’_Z“ ) See Oleson et al. [37]
SF n,i+1—dn,i J SF
CWatM 0= —(1-v)x F—0s¢, % —004XVUX —_); Fy=F,_ 22 x At. See [32
al 5 (1-v) sa; X exp( v SWE) t=Feat = ee [32]
DBH not represented
HO8 not represented. When a surface is snow-covered, soil moisture does not change through precipitation
or evaporation.
JULES-W1 not represented
LPJ-ML not represented
Mac-PDM.20 not represented
o
MATSIRO Qin,so =k x (g _ 1)
SsouF  \2x6+3
k= Cso.F X ksa X -
' ; (d)so_sso,F)
U= \Ilsa % so,uF —B
! ( ¢so 7SSso,F
Csop = (1 — =228 ) See [44
o F ( Sso,uF-‘rSso,F) [44]
« is unity. k£ and U are calculated after the formula in Clapp and Hornberger [10]. For more detail, see
[49].
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
PCR-GLOBWB not represented
VIC The motivation for development of the frozen soil algorithm is to represent the effects of seasonally
frozen ground on surface hydrologic response and the surface energy balance, at a level of complexity
consistent with the previously developed VIC algorithms. In this spirit, the VIC soil moisture transport
scheme was retained, and the thermal and moisture fluxes are solved separately. At each time step,
thermal fluxes through the soil column are solved prior to the prediction of soil layer ice content. Sub-
sequently, moisture fluxes are computed using the updated ice contents. Finally, soil thermal properties
for the next time step are estimated from the revised distribution of soil moisture and ice. See for details:
Section 2.1 in Cherkauer and Lettenmaier [8]
WaterGAP2 not represented
WAYS not represented
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Table S14. Soil storage (Sso)

Model Equation Water Flux
Inflows Outflows
CLM4.5 % =Qi-Qi1—T, Qi Qi1 T
CLM5.0 w =Qi—Qi-1—T; Qi Qi1 Ty
CWatM 6?;0 = Rcr + Rin - R_qu)r - sz - Eso =T Rcr Rin Eso ngr le
T
;0,1 ini_Esoi_ W,y i= t 1
DBH % = i ’ ’ Rg ’ 1 0 ( op ayer) Rin,i ngnifl Eso,i ngr,i T;
dt ngr,v’,fl - ngr,i - ﬂ, >0 :
HO8 ‘Sj;t“”’ =M + Pyp — Eao — Rin M Py, Euo Rin
JULES-W1 62;0 =M+ Py — Eso— Rif — Rsu M Py, Eso Rif Ry
LPImL 6g;" = (Rif + Rin) — Rgwr — Rif — Eso — T Rif Rin Eso Rguwr T
Mac-PDMZOM 6%;0 =M + Ptot — Eso — Rsu Ptot M Eso Rsu
6 so
MATSIR = so so,uF;) X dso
SIRO 5t n;ﬁ[(s F; F Ssour;) X dso]
mHM 0S50, _ Rini — ETso,i — Rsof,i, i'= 0 (top soil layer) Rins ETuri Rooys
ot RsofA,ifl - ETso,i - Rsof,i; >0
MPI-HM 5;;" =Rin— Rpe — Eso—T Rin Eso Rpe T
ORCHIDEE J g;" = Rin + Rin,r — Rsu — Fso Rin Rin,r Eso Rsu
PCR-GLOBWB 65;0 = Rzn - ngr - Rif - Esu =T Rin Eso ngr Rif
T
VIC 8550 = J X | Dy X 8850 + ok Duwd,y 1 kdso 1 kdso 1 Dwdso o
ot ddso ddso ddso R, . ' B N TR 5o
for the top two soil layers: mn s 9w
5350
X dso,i =Rin—Fsoo—T — k x d.so,i — Dy, X dso,i
for details see Gao et al. [20]; Liang et al. [29]
for lower soil layer:
65503
gt X (dso,3 = ds0,2) = kdyp o + Dw,2 =T — Rguw
WaterGAP2 6g;o = Rin — Rtot — Eso Rzn Rtot Eso
WAYS 8550 =M+ Py — Eso — Riot M Py, Eso Riot

ot
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Table S15. Total runoff in ISIMIP2b (R¢ot,7 5101 P2b)

Model

Equation

CLM4.5
CLMS5.0
CWatM

DBH

HO8
JULES-W1
LPImL
Mac-PDM.20
MATSIRO
mHM
MPI-HM
ORCHIDEE
PCR-GLOBWB
VIC
WaterGAP2
WAYS

Riot,1simrpay = Rs + Rsp
Riot,1simipay = Rs + Rap
Riot,1simipay = Rs + Rsp
Riot,151M1P20 = Rs 4+ Rsp
Riot,1s1Mm1P20 = Rs + Rsp
Riot,1s1m1P20 = Rs + Rsp
Riot,1s1Mm1P20 = Rs + Rsp
Riot,1s1mrpos = Rs + Rep
Riot,1s1Mm1P20 = Rs + Rsp
Riot,1stvmrpr2e = Rs + Ry
Riot,rstvmrpr2e = Rs + Ry
Riot,1s1m1p2s = Rs + Rsp
Riot,1simipay = Rs + Rap
Riot,isimipas = Rs + Rsp
Riot,1s1m1P20 = Rs + Rsp
Riot,151Mm1P20 = Rs + Rsp
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Table S16. Surface runoff in ISIMIP2b (R;)

Model Equation

CLM4.5 Rs = Rsu
CLM5.0 s = Rou
CWatM Rs = Rsu
DBH Rs = Rsu
HO8 Rs = Rsu
JULES-W1 Rs = Rou
LPJmL Rs = Rou
Mac-PDM.20 Rs = Rsu
MATSIRO Rs = Rsu
mHM Rs = Rsu
MPI-HM Rs = Rou
ORCHIDEE Rs = Rsu
PCR-GLOBWB Rs = Rsu
VIC Rs = Rsu
WaterGAP2 Rs = Rsu
WAYS R;=R

®»
g
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Table S17. Subsurface runoff in ISIMIP2b (R.;)

Model Equation
CLM4.5 Rsp = Rgw
CLM5.0 Rsb = ng
CWatM Rsy = Riy + gw
DBH not represented
HO8 Rsb = ng
JULES-W1 R, = Ry
LPJmL Rap, = Riy
Mac-PDM.20 R, = Rgw
MATSIRO Rsp = Rgw
mHM Rsy = Rif fast + Rif stow + Rgw
MPI-HM Rsp = Ryuwr
ORCHIDEE Ra = Ryu
PCR-GLOBWB Rsy = Rig

VIC Rep =

Rif maxXfR

if mas
e b G 0< S < xS,

fsso,mam XSs0,maz,3L s0,3L; = Pso0,3L > fsso,rn.u,x so,maz,3L
g o X IRy fomas X Sso,3L + (R’i_f,maz - M) x <Sso,3L _ ISs0,max XSs0,maz,3L )2’

fSso,maw XSso,max,3L fSso,max Sso,maz,3L = fSs0,maz XSso,max,3L

SSO,?}L Z szo,max X Sso.mam,SL
WaterGAP2 Rop = Rgw
WAYS R = Riy + Rgw
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Table S18. Total runoff from land (R0t )

Model

Equation

CLM4.5
CLMS5.0
CWatM

DBH

HO8
JULES-W1
LPImL
Mac-PDM.20
MATSIRO
mHM
MPI-HM
ORCHIDEE
PCR-GLOBWB
VIC

WaterGAP2

WAYS

not represented
not represented
not represented
not represented
not represented
not represented
not represented
not represented
not represented

Rtot = Rsu + Rif,fast + Rif,slow + Rgm

not represented
not represented
not represented
not represented

Rtot = Rin X

Ssu

Sso,maz

~
) +Rbu +Rsa{, with Ssn,nlam = Sso,TL X dsn,rm)t and Rbu =0.5x R1'n X fbu, Rvn

is reduced by Ry, before calculating R:o¢, 'g is the calibration parameter according to [3, 34].

ST'Z
Rigy = (1— (1— (l—i—ﬁ)x—Sm>) <
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Table S19. Runoff concentration in a grid cell (R¢)

Model Equation
CLM4.5 not represented
CLMS5.0 not represented
max
CWatM Ré = Z X Z X Z Xtriz X Rsupe p X (t—i+1); for "i" runs from 1 to maximum number of days.
LC  fR i

2

max max

2 4
tri, = / X [u? — %\ X du
is1

DBH not represented
HO8 not represented
JULES-W1 not represented
LPJmL not represented
Mac-PDM.20 not represented
MATSIRO not represented
mHM not represented
MPI-HM Rg = i”’

ORCHIDEE not repreglented
PCR-GLOBWB not represented
VIC not represented
WaterGAP2 not represented
WAYS not represented
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Table S20. Surface runoff (R )

Model Equation
CLM4.5 Rsu,i = Rglwe,la + Rsui + Rig
Rsu,ice = Rsnwep,ice
CLMS5.0 Rsul = Rglwe,la + Rsul + Rig
Rou,ice = Rsnwep,ice
CWatM Rsu = Rpo + Rif + Roy
DBH Rsu = Rpo + Rsat
(Sso,tot =dso X1000X (S50, FC—Sso,wP)) Sso,tot >1
HO08 Rey = t 7 dsoX1000X (S50, FC—Sso,wpP) —
k 0’ d xloooxf&“mm)t -5 4 <1
so 50, FC—Ss0,WP)
(Pm % Spf,c,:(m X exp (7 frec Ef;:;.g;wam ) ) + (Pm « (1 _ sﬁfﬁ:M) X exp (7 fpn,griirz,tm”> )
Rin X 0Py, < Sca
JULES-W1 Ray = {107 flin "= L
Pe,G(Rin X6Ptp+Sca,maz —Sca)
Pro xeap (- e )
for Rin X P > Sea
LPJmL Rsu = Piot — Rin,rL
P.o —AET, Sso,rc < Sso,tot
Mac-PDM.20 R = FES Psostol
0, Sso,tot < Sso,FC
Runoff is generated from excess rainfall (rainfall minus evaporation) when the soil water content exceeds the capacity of the
soil (field capacity).
MATSIRO Rsu = Rpo + Rsat + Roy
mHM R = fou x Rin = g2 (PET s~ Fra)
pon,max
occurs only on the fraction of the impervious/sealed land cover class, at the top soil layer: ¢ = 0
Pro+ M+ (Sso — Sso,maz), Ss0,5G,maz < Sso,5G 4+ Pra + M
MPI-HM Rsu =1— fueX  Pra+ M —max(0,Ss0,5G,min — Sso) — Ro,  Sso,5G,min < Sso,5G + Pra + M < Sso,5G + Pra + M
0, Ss0,5G6 + Pra + M < Sso,5G,min
Ss0,5G,maz — Ss0,5G,min
Ro= == e x (R1 — R
0 1+0o (Fa i)r
. Ss0,5G,max — Sso,5G ) 7
Ry = mm(l7 = . )
! (SSO,SG,ma:t — Ss0,5G,min
Ry — max<07SSO,SG,maz — Ss0,5G = Pra — Nf)”"
? Ss0,5G,maz — Ss0,5G,min ,
Ss0=8s0,8G,min T+o
Seos6 = Ss0,5G,maz — (Ss0,5G,maz — Ss0,5G,min) X (1 - m) y Sso > Sso,5G,min
Sso, Sso < Sso,5G,min
ORCHIDEE Rsuy = Ptn — Rin
PCR-GLOBWB Rsu = Rpo + Riy
VIC Since the top thin soil layer has a very small water holding capacity, the direct runoff (surface runoff) within each time step is
calculated for the entire upper layer (layer 1 and layer 2) as (Liang et al. [29]; Gao et al. [20]):
] 14T,
r = Pt = daoa % (900 = Suorran) + duoe x g x (1= Bt liot ) TR P4 Rin g < Rinmas
Piot — dso2 X (¢so — Sso,12L), Piot + Rin,0 > Rin,max
WaterGAP2 Rou = Riot — Rguwr
WAYS Rsu = Riot — Rguwr
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Table S21. Hortonian overland flow (Rno)

Model Equation
CLM4.5 Rho = max (Rin - (1 - tho) Rin,'muﬂuo)
CLMS.0 Rho = max (Rin - (1 - thO) Ri7L,7na:I:70)
CWatM Rho = M + Py, — Qp‘f — Rin

Preferential flow, that bypass the soil matrix

SS re E
Qps = (Pin + M) x (Lel)
so,sat
fa unsat
DBH R}Lo = / Pth X Pconu —k
0
HO8 not represented
JULES-W1 not represented
LPJmL it is taken into account when surface runoff is computed, but not separately considered.
Mac-PDM.20 not represented
MATSIRO Rpo = Bstm'my X Rho,stormy + (1 - Bcalm) X Rho,calm)
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
PCR-GLOBWB Rpo =1 Deosat =Ssotot  p
Sso,tot - Sso,WP

Rio = maz(Rin — (1 — fr20) X Rin,maz,0)
VIC not represented
WaterGAP2 not represented
WAYS not represented
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Table S22. Saturation excess overland flow (Rsat)

Model Equation
CLM4.5 not represented
CLMS5.0 not represented
CWatM not represented
fa,sat
DBH Rsat = / Py
0

HO8 not represented
JULES-W1 any saturation excess is moved to the soil layer below (the move of excess water to upper soil layers due to

saturation is restricted. The excess saturation water is forced down to lower layers, and if the bottom soil layer

becomes super-saturated, then the excess water is added to the interflow (Best et al. [5]).
LPJmL Rsat = Rsu
Mac-PDM.20 Rsat = Rsu
MATSIRO Rsat = fa,sat X frisat X Pin
mHM not represented
MPI-HM implicitly included in surface runoff computation
ORCHIDEE not represented
PCR-GLOBWB not represented
VIC same as Table S20.
Wa[erGAP2 Rsat — SSO - SSO,WLGOE’} SSO > Sso,mtm;

0, other cases

with Sso,maz = dso,root X Sso,TL

WAYS Ruwr — max(0,Sf — Srer)

Ky
The Overflow of the uppermost layer is only active when the storage of the fast response reservoir exceeds the
specified threshold S,
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Table S23. Transpiration (T")

Model Equation
CLM4.5 T = —rca,dry X Pair (ggér xXq +ggcyg X qgr — (gg;r +g;i> X (qggt + 0450t Aeveg)) X L
00vcq géa" + g{i”t + 957
CLM5.0 T = —Tca,dry X Pair ggy X q+ ggr X qgr — (ggy +gci> x| gear + 045 Abye X L
e ’ o .o T 0wy gesr + g% + 952
CWatM Toct = Cuws X (Tpot - Eso)
Cws — so,totlsol — Pso,WPlsol
Sso,c'r'itlsol - Sso,WPlsol
Sso,critisol = (1 = fso,dep) X (Sso,FC1s0l — Sso,wP1sol) + Sso,w P1sol
=——— 0.1 x (65X Cero
Jrosder = 576315 X Torae X (5% Ceropan)
€ca — € Pair X Cair
DBH = —X X X (1= fea,we
Hi g gi+2><rb 0% (1= fearwer)
HO8 Transpiration is not explicitly computed, but is considered in the parameter snow-free albedo, taken from the
GSWP2 standard monthly land use data set and included plant phenological aspects.
Jca
JULES-W1 T =PET X feqg X —————
f gea +Cr X W2
1.391
LPJmL T =min (Tm,lz X Sso,rels (1 = fday,ca,wet) X PET % W)
3.26
(1 = fday,ca,wet) is remaining day time canopy available energy.
MaC-PDM.20 Transpiration is not modeled separately, see Table S24.
MATSIRO T =T e + T
mHM Transpiration is not modeled separately, see Table S24, where the Feddes equation based on the PET concept is
used.
MPL-HM T = fea X PET x min | 1,max ( 0 Ss0 = SsowP
o ’ ’ 0.75 x Sso,maz - SSD,WP
ORCHIDEE T =(gsa: —q) X W X Cs X (1 = 7Tsn) X Tca)
PCR-GLOBWB T =min(Cerop X PET,050)
2
3
VIC T = 17(L) X PET x ——
Sca,max Tw+To+ Tca
See details in: Blondin [6]; Ducoudré et al. [16]
WaterGAP2 Transpiration is not modeled separately, see Table S24.
WAYS Transpiration is not modeled separately, see Table S24.
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Table S24. Evaporation from soil (Es,)

Model Equation
g — o
CLM4.5 E., = ,M
T‘SO
(a2 g
CLMS.0 Faop=— Pair (4 — q2at)
Tso
CWatM Eso =Cerop X PET
1 Gso X (eca - 6) Pair X Cair
DBH Eso = 1- r
T H g TeotTwea X (1= faugr)
HO8 Eso =ax PET
where:
o= 17 Sso,tat 2 Sso,crit
o= %7 Sso‘tot, < Ssn,crz‘t
Sso,crit = 0.75 X Sso,rc (fixed at 150 [kgm~2]. For detail see [40].
- fca) X gso
JULES-W1 Eso=PET x (1— fa) %
( f) (l_fca)xgso+CH><W2
_ L ~ Sso,FL 2
Gso = 100 Sso,cm’t
LPJmL Eso=Feg X X Sso,ret X (1= fea,c)
Mac-PDM.20 E, is assumed to occur at the P ET rate until Sso, pc is reached, below which the ratio of Es, to PET
declines linearly to zero:
ES()
=1 so > so.
PEET ,S Sso 2> Sso,FC
so — so S < S
PET Ssn,FC ) so X Pso,FC
MATSIRO Eqo = ESITe00"
HM BT = a X froot,i X PET’,/ . for 4 = 0 (first layer)
a X froot,i X (PET — =0 ETSO,ifl), fori >0
PET' = PET — Ecq — T Spon (PETows — Eea)
pon,mazx
07 % S Ssom,?i
Sso.i ’
=] S Suo
YT e Seors <72 < Seow
11 Sso,w,i < %
. Sso - 005 X Sso mazx
MPI-HM Eso = fsopare X PET X min (l,max (07 S —0.05 s:sonnam ))
ORCHIDEE Eso = (gsar —q) X W X Cou X (1 = T f100dplain) X (1 —Tsn) X Tso
PCR-GLOBWB Eso =Cerop X PET
VIC The bare soil evaporation only occurs on the top thin layer. When the surface soil is saturated, it evapo-
rates at the potential evaporation rate. When the top soil layer is not saturated, its evaporation rate (E1)
is calculated using the Arno formulation by Franchini and Pacciani [19].
fso,bare,sat 1
Rin,o0
Eso = PET x 5me,o + X - 1 5me,o
=0 fso,bare,sat Rin,maa (1 - (1 - me,o)HRm )
WaterGAP2 Eso =min (PET — FEecay, (PET maz — Eeca) X A)
Sso,maw
PET mae =15 (mm day ")
Note: Evaporation and transpiration are calculated together.
WAYS Eso = (PET — Ecq) X min (1, Ses

U X Spzmaz X (1+5)
the scale parameter v is set to 0.5, and the shape parameter 3 need to be fitted during the calibration
processes.
Note: Evaporation and transpiration are calculated together.
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Table S25. Infiltration (R;,,)

Model Equation
CLM4.5 sz = Rin,m;er—so + Rpc,h?usfc
Rin‘overfso = (1 - fh2u)Qin,su1'f - Rhu - (1 - fsn - f}L2o)Eso
. wS c
Rpe,h20sfc =min (thORin,maz7 Tft)
CLMS5.0 R'Ln = Rin,over—so + Rpe,hZosfc
Rin,ove'r‘—so = (1 - tho)Qin,surf - Rho - (1 - fsn - tho)Eso
. wS c
Rpe,hZosfc =mn thORin,maza Tft
S.‘.‘() sat Sso sat B+1
CWatM Rin pot = 23050t _ Dso. (1—1— ﬁ)
a pot i1 B+1 X 1-a)
Oé:l—(l— so,rel)ﬁ
so,sat
Rin =min (PtotyRin,pot)
The infiltration capacity of the soil is estimated using the Xinanjiang (also known as VIC/ARNO) model
[ = shape parameter of the Xinanjiang model
_ (Sso,sat - Ssu,ini) X Sso,put
DBH Rin =ksat X (1+ T
HOS Rin = Sso,pc Ssotor . See [21]
t SSO,FC
t =100 [days] = 86400 x 100 [s]; T is set at 2.
5T 0 \2xa+3
JULES-W1 Rin =k x ( + 1) ok = kaa (—)
ddso Oso
LPJmL Rin = Piot X 41— _Seotor = Ssowr i = top layer
Sso,sat,FL - Sso,WP
Mac-PDM.20 Rin = Ptot - Rsat
MATSIRO Rzn - Pth — Rho - Rsat
Pip+ M — Rsy, i =0 (top soil layer)
mHM Rin,z = 550 L —Sso,ri a;
Rini—1r =52 smm> ; 1>0
MPI-HM Rin = (Pra+ M) X (1= fuwe) = Rsu
ORCHIDEE Rin; = sz“”
PCR-GLOBWB Rin =min(Pra + M, ksat)
VIC for there is no vegetation coverage:
Rin = I'ra — Rpe
for there is vegetation coverage:
Rin = Pth - Rpe
See [20]; [29].
WaterGAP2 Rin =M + Py, — (0.5 X (M + Pin) X fou)
WAYS Rin =M+ Py

51



Table S26. Interflow (R;y)

Model Equation
CLM4.5 not represented
CLMS.0 not represented
CWatM Rif = f-;f X Rpe
DBH not represented
HO8 not represented
07 Sso,tot < Sso,WP
JULES-W1 le = Rin,sat X Sca X gj:’t;:t:i:;,‘jvl;’ Sso,WP S Sso,tot < Sso,sat
Rin,sat, Sso,tm‘, > Sso,sat,
Sso tot — Sso WP
LPJmL Rif =Rin,py|1 — 57—F——F""
m gl 'L\/ Ssmsat - Sso,WP
Mac-PDM.20 not represented
MATSIRO not included in the version used in ISIMIP2b
k X Sz_Suz )5 S >Suz v
mHM Rif.fast — 0 ( u ,th ) uz ,th
! 07 Suz S Suz,th'f‘
Rif,slow = kl X (Suz)l+a“z
Interflow originates from the unsaturated zone storage, a bucket below the soil storage.
MPI-HM not represented
ORCHIDEE not represented
PCR-GLOBWB Rif = Rpe — Rer for Rpe > Rer
VIC not represented
WaterGAP2 not represented
Sf
WAYS Rif = —
f K;

Ky needs to be fitted.
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Table S27. Percolation (R )

Model Equation
CLM4.5 not represented
CLM5.0 not represented
CWatM Rpe = (1 = fuwe) X min(Rin, k3so)
Unsaturated conductivity using Van Genuchten equation for each soil layer
DBH not represented
HO8 not represented
JULES-W1  not represented
LPImL Rpe = (Sso,sat — Sso,pc) X [1 - ezp(%)]
Mac- not represented *
PDM.20
MATSIRO  not explicitly represented
mHM not represented (defined as groundwater recharge, see Table S30)
MPI-HM not represented
ORCHIDEE not represented
PCR- not represented
GLOBWB
VIC not represented
WaterGAP2  not represented
WAYS not explicitly represented
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Table S28. Capillary rise (Rcr)

Model Equation
CLM4.5 Represented through the concept of soil matrix potential:
Cso,i
SR (Q> > —1x10°
Sso,sat
CLMS5.0 Represented through the concept of soil matrix potential:
Cso,i
Wi = Wonr s (%) >—1x10°
so,sat

CWatM Rc'r‘ =0.5x \% k3so X ksat X Rcr,maz

Rer maz: cell fraction, depending on height of ground water table and relative elevation of grid
DBH not represented
HO8 not represented
JULES-W1 not represented
LPJmL not represented
Mac-PDM.20 not represented
MATSIRO Rer =k x (5522” 1)
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
PCR-GLOBWB Rer = 0.5 X Vk3so X ksat X Rerymaz

Rer maz: cell fraction, depending on height of ground water table and relative elevation of grid
VIC not represented
WaterGAP2 not represented
WAYS not represented
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Table S29. Groundwater storage (Sqw )

Model Equation Water Flux
Inflows Outflows
CLM4.5 Only represented indirectly through changes in the water table Rywr Ryw
depth (unconfined aquifer)
Y
CLMS5.0 Only represented indirectly through changes in the water table Rgwr Ryw
depth (unconfined aquifer)
5S, ’
Wit 22— Qi+ Rpe — Rer = Ryu — Alfs = Al = Al — ALY By Qs Rer Ry
t Agw Ag'w
irr ““dom
Afan Al
DBH not represented
5‘9 w
HOS (;; = Sgw,r'w - Sgw,nrw ngr ng Atot
Atut
Sgw,rw = ngr - ng - Bic,‘
JULES-W1 not represented
LPJmL not represented
Mac-PDM.20 O5gw _ Rgwr — Rgw Rguwr Rgw
t
0
MATSIRO T = ( Sso,F; + Sso,ur; dsa)
It explicitly diagnoses groundwater table depth and calculate water flux between
groundwater storage and unsaturated soil based on the condition of the soil layer
that has groundwater table. Groundwater pumping and baseflow are used in-
stead of root uptake and interflow.
mHM no water table depth or confined aquifers are considered:
0Sgw
6i - Rgun“ - ng Rgun“ ng
MPI-HM very simple representation, no water table depth or confined aquifers are con-
sidered
0Sgw
St = Rguw‘ - ng - fim' X Sgw Rguw' ng
ORCHIDEE not represented
6 w w w w w
PCR-GLOBWB ii = Rpe — Rer — Rgw — A — ASY  — ASS — ALY Rpe RELRQ;‘LJ
A;Lv’f"f‘ do7rz
Afan Ay,
VIC not represented
6 w
WaterGAP2 Si = Rguwr — Rgw — Aguw Rguwr Rgw Agw
5 w
WAYS (; = Rguwr — Rgw Rguwr Rgw
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Table S30. Groundwater recharge (Rgur)

Model Equation
CLM4.5 Ry = —hag (et = Wowe)

b ((&l’m - ?I}m,i))
CLM5.0 Ryur = —kag -t

g Y (dwt — duwt,i)
CWatM Ryuwr = Rpe + Qps — Rer
DBH Rar = oo x (2520mest )

‘ 0dso,3
HO8 Rguwr = min(Rgwr.maz; [r X fsotex X frg X fog X Riot). See [11]
JULES-W1 Rguwr = kpot. See [4] and [5].

Sso,tot — Sso,wP

LPJmL Rguwr = Rin, -

g BL Sso,sat — Sso,w P
Mac-PDM.20 Ryuwr = Sso — Sso,rc

0S50,uF; g
MATSIRO Rywr = T’g
mHM Rywr = kuzSuz
Sso 4 Sso = 0.90 X Sso,maz b
MPI-HM Ryuwr = (1 - fue) X Rgwr,min X Seoman + (ngr-maz - nghm“l) X (mm(l’max (07 Ssomaz — 0.90 X Sso,maz) ) )
if Sao > 0.05 X Seo.maz

ORCHIDEE Rywr = maz(0,1— L) X Rguw See [15]
PCR-GLOBWB Rgwr = Rpe — Rer
VIC not represented
WaterGAP2 Ry = 0 (semi)arid grid cell, sandy texture and P, < 12.5(mm day ')

min(Rgwr,mazs fr X fsotex X frng X fpg X Riot) other cases

where Ryuwr,maz is setto 7, 4.5, 2.5 mm d~* for sandy, loamy, and clayey soils. See [11]
WAYS Rguwr = min(Rgwr.maz; fr X fsotex X frng X fog X Riot). See [11]
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Table S31. Groundwater runoff (Rg.)

Model Equation
CLM4.5 Ryuw = Cice X Rgw,max €xp (= faraiduwt)
CLM5.0 Rgw = Cice X Rgw,maz €Xp (— faraiduwt)
CWatM Rgw = Cguw,@ X Sguw
DBH not represented
_ Sgwmaa Sgw,rw )"
HO8 Rgyy = 2241 o | 8010
’ t Sguwmaz
where 17 =2 and ¢ = 100 days.
JULES-W1 not represented
LPJmL not represented
Mac-PDM.20 Rgw = Rguw,rout X (Sgw/100)?
ki x v? B-=D!  (—uxdo) = B-=1!  do" B! (—vxdo) 2 s do™
MATSIRO Ry = =2 | do x ( 5= =T x ;T X g ) = e et % ;}ﬁ X gt ) |- See 1271155
mHM Ryw = ko Sgw
MPI-HM Ryw = ﬁ
gw
ORCHIDEE Rgw = kot
PCR-GLOBWB Rgw = Cguw,@ X Sguw
VIC not represented
0, Sgw <0
WaterGAP2 Rgw = g =
Cyw,@ X Sgw, Sgw >0
where Cyu,0 = 0.01d7!
WAYS Rgw = Cgu,@ X Squ

where Cyy.o =0.01d""
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Table S32. Lake storage (Siq)

Model Equation Water Flux
Inflows Outflows
CLM4.5 virtual storage, i.e. P-E automatically balanced by lake runoff term
CLMS5.0 virtual storage, i.e. P-E automatically balanced by lake runoff term
CWatM it has two types of lakes: "global lakes" are lakes that receive inflow not only from the grid cell Q74 in Qri,out
itself and "local lakes" receive inflow from the grid cell itself.
6Sla
6t = QTi.in - QTi.out
DBH not represented
HO8 not represented
JULES-W1 not represented
6 a
LPJmL ? - = Piot + Qiv — Qo — Fia — A Piot, Qin Era, A
Mac-PDM.20 not represented
MATSIRO Lake storage is a part of river storage. Not explicitly included in the version used for ISIMIP2b.
mHM not represented
MPI-HM Lake storage is part of the wetland storage.
ORCHIDEE not represented
PCR-GLOBWB  Lake storage is a part of river storage.
VIC not represented
WaterGAP2 WaterGAP2 has two types of representations of lakes. Local lakes receive water only from Ry, Rgw, R;ﬁji, A,
the grid cell itself, while global lakes receive water from grid cell itself and the inflow from  Piot, Qin, Qla,locals
upstream cells. Que,locals Qia,globals
(SS oc SW
7“3; 4 = (Rou X fowb) + Rgw + Arf + Bia,tocat X (Peot — Eia) — Ry — Ata — Qla,local Ars Ela
Bla,local = CB,red X Bla,local,maz
|Sla local — Sla lacaLmaz| 3.32
CB.red =1- - - - ’
’ ( 2814, l0cal,maz )
swb 0, humid cell
Rgur = sw . .
ow,rech X CB,red X Bla,local, arid and semi-arid cells
65 a ooba Sw
! é.gtl bal = Qzu + Arf + Qwe,local + Bla,global X (Ptot - Ela) - Rgu;};‘ - Ala - Qla,globa,l
Bla,global = CB,red X Bla,global,maz
|Sla global — Sla global 7710.1“ 3.32
CByrea=1— - - - '
Bored ( 2Sla.,global,maz )
REwb _ 0, humid cell
gur Cow.rech X CB,red X Bia,giobat, arid and semi-arid cells
WAYS not represented
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Table S33. Evaporation from lake (E},)

Model

Equation

CLM4.5
CLMS5.0
CWatM

DBH

HO8
JULES-W1
LPImL
Mac-PDM.20
MATSIRO
mHM
MPI-HM
ORCHIDEE
PCR-GLOBWB
VIC
WaterGAP2
WAYS

not represented
not represented

Ela = min(sla7Ela,pot - min(PtohEla,pot)

not represented
not represented
not represented

Ela = mil’l(Sza, Ela,pot)
Eio = Piot — PET

not represented
not represented
not represented
not represented
Ejo=PET

not represented

E), = PET with albedo = 0.08

not represented
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Table S34. Outflow from lake (Q;q)

Model Equation
CLM4.5 not represented
CLMS.0 not represented
CWatM Modified Puls approach (Chow et al. [9]; Maniak [30]). Routing, reservoirs and
lakes are done in sub steps of a day.
Sta1 + Staz _ Qiuja1 + Qiugta2  Qiar + Qa2
At R 2 2
for: 1 = first time step (¢); 2 = second time step (¢t + At)
DBH not represented
HO8 not represented
JULES-W1 not represented
LPJmL for Sla 2 Sla,maz,Qla = (Sla,maz — Sla), else Qla =0
Mac-PDM.20 not represented
MATSIRO not included in the version used for ISIMIP2b
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
PCR-GLOBWB Qra = 1.7 X Cyeir X maz(huy — hos)"® X bueir
VIC not represented
WaterGAP2 Qla,local = Cs’w,out X Sla,local X (%)1-5
Qla,global = Csw,out X Sla.,global
for Csu,out = 0.01d™"
WAYS not represented
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Table S35. Reservoir storage (Sye)

Model Equation Water Flux
Inflows Outflows
CLM4.5 not represented
CLMS5.0 not represented
557‘&
CWatM 5t = Qm'ym — Qm‘,out Qm’,m Qri,out
DBH not represented
65 oca
HO8 72;; L = Riot X Bre — Ave — Qre Riot Qriin Are  Riot
Qri.out
0Sreglobal
T - Qri,in - Qri,out
JULES-W1 not represented
0Sre
LPJmL 5t€' = Ptot + Qiu - Qla - Ere - A Ptot Qiu Qla Ere A
Mac-PDM.20 not represented
0Sre
MATSIRO &f' = Sreglobal + Srelocal Qiu,re Qre Adom
6Srelocal QTe,lncal ond ond ond Airr Aind
= Riot — - Alc;om - Afnd - Azprr
557-}11017(11 _ Qiu+ Qre,éocal —Qre A;z;«il()bal _ A:Zliglobal _ A;':;global
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
5 Q'ri - QmeanfOT' Sre > 0.7 x S’re,C
PCR-GLOBWB ?t =0 Qri=maz (Quean X 55 T2 Qup) for 0.3> Sre > 07X Spec
Qesfor 0.3 < Sre
VIC not represented
WaterGAP2 98re = Qiu + Ars + Queytocal + Bre X (Prot — Ere) — Riwh — Are — Qre Qius Questocat,  Ere, Ry,
for Bre = CB,red X B're,maz Ptots A’V‘f BT€7 Q’f‘€7
2.814
for Cip,pea = 1= (225 emecl) e
for R;Zﬁ _ 0 ‘ for hu.mid cell o
C;jjj,,.(,,ch X CB,red X Bre  for arid and semi-arid cells
WAYS not represented
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Table S36. Inflow from upstream surface water bodies for reservoir storage

Model

Equation

CLM4.5
CLMS5.0
CWatM

DBH

HO8
JULES-W1
LPJmL
Mac-PDM.20
MATSIRO
mHM
MPI-HM
ORCHIDEE
PCR-GLOBWB
VIC
WaterGAP2
WAYS

not represented
not represented

sum of inflows of water from neighboring upstream grid cells routed with kinematic wave approach

not represented
not represented
not represented
not represented
not represented
not represented
not represented
not represented
not represented

sum of inflows of water from neighboring upstream grid cells routed with kinematic wave approach

not represented
not represented
not represented
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Table S37. Outflow from reservoir (Qre)

Model Equation
CLM4.5 not represented
CLMS5.0 not represented
Min(Qremin, a3 X fre X Sre,c, fre <2 X Secons
Qremin + (Qremorm = Qreomin) x (5Les2ifsgne ), Sorm > fre > 2% Seons
CWatM Qre = o norm cons
Quemorm + e=Ssemn s maz ((Quure = Qrewmorm): (@reaa = Qrenorm) ) Stood = fre > Snorm
re—=Sfloo
mar(% X Sre,cs Qre,nd)s fre > Sfiood
DBH not represented
HO8 Non-irrigation dam

Qre = Qiu,mean

Irrigation reservoir dam

0 Cyear X Crmonth

re =4 S,..c? Sre.c?
542" X Cyear X Coomin + (1 (T2

for:

Q,u_;nwn % (1 " zjcdmﬁx(Am,T,LOTX::HA;:immm+Adum,munm)) , Adem.dam > 0.5 % Qi mean

Sre,c =
Qiuymean + Y Cdam,c X (Airrmonth + Aind,month + Adom,month) — Adem,dam, Adem,dam < 0.5 X Qiu,mean
Z Cdam,c = for an area downstream of the dam up to 10 grid cells;

Ciot = Crmonth X Qm,tot,m;

c Sw. first .
month = ~—or—— o
0.85 X Sre,tot’
Sre tot
Sre,c = ——
Ctot
LPJmL for Sre > Sre.maz, @re = (Sre;maz — Sre), else Qre =0
Mac-PDM.20 not represented
MATSIRO Qre = Qre,global + Qre,local
_ maz(Sre,iocal + Riot X At — Sre giobat;0)
Qrelocal = At
Qrurpose | ST Srestobat  gpurpose () QPP Y S AL
re,global + At ) re,global + ( re,local — rc,global) > Ore,global
s,
. — purpose re,global purpose __ purpose
Qre.global Qre globar T —2K7 Sr e tobar T (Qretocal — QL iopar) X At <0
purpose
Qv»e,globalv else
purpose __ ,yirr non—irr
re,global — Qre global OF Qf'e,global
mHM not represented
MPI-HM not represented
1.5
PCR-GLOBWB Qre = 1.7 X Cueir X maz (b — hof)"® X bueir
‘WaterGAP2 irrigation reservoir type:
irr Sre,maz
—remar > ().
Qre = ’"f’d‘fg’ s an can — 0.5
re = Sre,maz_\2 irr resmaz |2 ) Sre,maz
X (G e ) X Qrlae + (L= A (GIEm)™ X Quure), g o <05
A
) i Cyear X Qrt,;nean x (1 + d(X,,5dcell.am,onth)7 Ade.m,sdcells > Qrt,;nr:n,n
— dem,5dcells
with Qre.de Qremean
Cyear X Qre,mean + Adem,sdcelis,month — Adem,sdeells, Adem,5dcells < =5

non-irrigation reservoir type:
Sre max
0 {Cym X Qre,mean, Sremar 505
re —

5 s Qs'r‘e‘,m,rnn,
N r \2 s 2 s a
A (22002 5 Cear X Qresmean + (1= 4 X (25220)2 5 Qg ), 22222 <05

both reservoir types:

Qre,mean Qre,mean

c ~Jo0.1, filling phase for Sye < (Sre,maz X 0.1)
veer m, not filling phase
Qre, Sre > Sre.maz x 0.85 x 0.1

and Qre =
Qre X 0.1, Sre < Sre;maz X 0.85 % 0.1
For details on the calculation of reservoir outflow please see [23] and [14]
WAYS not represented
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Table S38. Evaporation from reservoir (Er.)

Model

Equation

CLM4.5
CLMS5.0
CWatM

DBH

HO8
JULES-W1
LPImL
Mac-PDM.20
MATSIRO
mHM
MPI-HM
ORCHIDEE
PCR-GLOBWB
VIC
WaterGAP2
WAYS

not represented
not represented

Ere = min(sreyEre,pot - min(PtOiiE’f‘expot) X Bre

not represented
not represented
not represented

Ere - min(sre 5 ETa,pot)

not represented
not represented
not represented
not represented
not represented
E.. = PET

not represented

FE. = PET with albedo = 0.08

not represented
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Table S39. Wetland storage (Swe)

Model Equation Water Flux
Inflows Outflows
CLM4.5 not represented
CLMS5.0 not represented
CWatM not represented
DBH not represented
HO8 not represented
JULES-W1 not represented
LPJmL not represented
Mac-PDM.20 not represented
MATSIRO not represented
mHM not represented
6S‘UJ(’. R wr,maxr
MPI-HM = fwe X sz + M — —genmAT ) Ewe + Qtu,me,up - Qwe - fiT‘T X Swe Qiu,we,ups Rps» Ewe, Qwe
ot 10
PT‘UM M
ORCHIDEE not represented
PCR-GLOBWB  not represented
VIC not represented
WaterGAP2 WaterGAP2 has two types of representations of wetlands. Global wetlands are wetlands ~ Qa,10cal, Prots Fue, R;“{,j’,’.,
that receive inflow from the grid cell itself and the upstream grid cells, while local ~ Qia,giobal, @re  Que,locals
wetlands receive inflow only from the grid cell where have been identified. Quwe,global
65’(1]6 oca Sw
Luwelocal Qia,local + Buwe,iocal X (Prot — Fuwe) — ngl; — Que,local
for Bue,iocal = CB,red X Bwe,local,maz
S‘UJE ocal — S‘UJC ocal,max 3.52
for Cpreqd =1 — (‘ docal docal, ‘)
Swe,local,nmx
swb 0, for humid cell
for Rgyr = . ..
- Cirech X CB red X Buwe,locat, for arid and semi-arid cells
6S’UJE oba Sw
2wl — 14 globat + Qre + Buegiobal X (Peot — Ewe) — Ry — Que,globat
for Bwe,global - CB,?'ed X Bwe,global,'m,az 339
for CB"V'({d —1_ (‘Swe,global - Swe,global,mu.z|>
' Swe,global,m,a:l:
0, for humid cell
for Ryt =3 : o
: C;meech X CB,red X Buwe,global, for arid and semi-arid cells
WAYS not represented
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Table S40. Inflow from upstream grid cell for wetland storage (Qiu,we,up)

Model

Equation

CLM4.5
CLMS5.0
CWatM

DBH

HO8
JULES-W1
LPImL
Mac-PDM.20
MATSIRO
mHM
MPI-Hm
ORCHIDEE
PCR-GLOBWB
VIC
WaterGAP2
WAYS

not represented
not represented
not represented
not represented
not represented
not represented
not represented
not represented
not represented
not represented

Qivywe,up = fwe> X (Qroup + Row,up + Qriup)

not represented
not represented
not represented
not represented
not represented
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Table S41. Evaporation from wetland (Ey.)

Model

Equation

CLM4.5
CLMS5.0
CWatM

DBH

HO8
JULES-W1
LPImL
Mac-PDM.20
MATSIRO
mHM
MPI-HM
ORCHIDEE
PCR-GLOBWB
VIC
WaterGAP2
WAYS

not represented
not represented
not represented
not represented
not represented
not represented
not represented
not represented
not represented
not represented

Ewc =PET x fwc

not represented
not represented
not represented

FE. = PET with albedo = 0.08

not represented
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Table S42. Outflow from wetland (Quwe)

Model Equation
CLM4.5 not represented
CLMS.0 not represented
CWatM not represented
DBH not represented
HO8 not represented
JULES-W1 not represented
LPJmL not represented
Mac-PDM.20 not represented
MATSIRO not represented
mHM not represented
MPI-Hm Que = f’”"‘
for tye = lG"T; .
CJWS,we X hw,we§ X Swe,mean 2
ORCHIDEE not represented
PCR-GLOBWB not represented
VIC not represented
WaterGAP2 Qucstocat = Comnont X Suestocar X (2 etocel_ )2
Swe,local,ma,x
Qurcygl()bal = Csw,tmf, X Swe‘global
with Caw our = 0.01d™"
WAYS not represented
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Table S43. River storage (.Sr;)

Model Equation Water Flux
Inflows Outflows
0Sri
CLM4.5 el Qiv — Qri + Reuyl Qri Qiu
0.Sri
CLM5.0 5t = Qiu— Qri+ Rsu, Qri Qiu
0Sri sw sw sw sw
CWatM i Rif + Rgw + Rsu + Qiv — Qod — Ao — Ajrr — Alivy — Apnan
DBH not represented
HO8 5;” = Qri — Qiu; Qinis modified if a reservoir is present. See [36] Qri Qiu
JULES-W1 not represented
0Sri
LPJmL st Qiu — Qiuyta — Qri — Aact,irr Qiu Qiu,la> Qris
t Aget
Mac-PDM.20 not represented
MATSIRO at a grid without reservoir Qiures  Qius  Qre
0Sri Riot
5t = Q“”é ?FT;
for Qju,re = e 00t
or Qiu, Bo
at a grid with reservoir
0Sri _ Sre,global
Y
5%,
mHM 5t Riot + Qiu — Qri Qiu Qri
0Srin
MPI-HM 5 = = Qri;n—1— Qri,n — firr X Srin Qiu Qri
forn=1[1,...,5] and Qri0 = Qin
Qrin = Srinforn=1,...5]
Rri
0Sri, fast,i i fast,i
ORCHIDEE OSrifastir _ g LR, - Oridasti Raus Rgw
ot : ! tret X Uri,fast
0Sri stow,it+1 i, slow,i
7T — i slow.i R w — [ ettt A,
at towsi o = o s stow
08ri,stream,i i fast,i i slow, i i, stream, i
st Y+1=AS‘T‘Z'st7‘ca,7n,i"l_ S Jast, S sl - S i .
ot ' U tret Xlrifast  tret Xlrisiow  tret X tristream
0Sri sw sw sw sw sw
PCR-GLOBWB ? = Bir + Rgw + Rew + Qin = Qod = Adom — Airr — Aiiy — Aman Riy, Rguw, Qod, Adom.
Rsu, Qiu Afrrs Ajfys
Arnan
VIC not represented
8Sri ri
WaterGAP2 Srt  Quut B x (1 faun) 4 Ry 4 Ary — Avi = Qo Quetorats Avis Qo
R Ryuw arid and semi-arid cells Rows Rgu
with Rg;, = .
’ Rgw X (1= fswp) humid cells
WAYS not represented
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Table S44. Rivulet storage (Sry )

Model Equation Water Flux
Inflows Outflows

CLM4.5 not represented

CLMS5.0 not represented

CWatM 6?7 = RS"LC,R - Ré Rsupe Ré
DBH not represented

HO8 not represented

JULES-W1 not represented

LPJmL not represented

Mac-PDM.20 not represented

MATSIRO not represented

mHM not represented

MPI-HM 6?;” = Rsu— Rg Ry Rg
ORCHIDEE not represented

PCR-GLOBWB  not represented

VIC not represented

Water-GAP2 not represented

WAYS not represented
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Table S45. Inflow from upstream surface water bodies (Q;v,)

Model Equation
CLM4.5 sum of inflows of water from neighboring upstream grid cells
CLM5.0 sum of inflows of water from neighboring upstream grid cells
CWatM sum of inflows of water from neighboring upstream grid cells, lakes and reservoirs.Kinematic wave approach.
DBH not represented
HO8 QiuG =V X S,vicfl for v =0.5
JULES-W1 not represented
LPJmL Qiu = Qri —Fig — Fre
Mac-PDM.20 not represented
MATSIRO Qiu= Y xQurretreame
upstreamG

mHM sum of inflows of water from neighboring upstream grid cells
MPI-HM Qiu = ngélp + Qrv,up + QTi,up - Qiu,we,up

ri,stream,upper
ORCHIDEE Qlu - Z tret X tri,strcam
PCR-GLOBWB w= g i 4 Cryeir X Cueir X Qi Cweir™ x 622:-
VIC not represglgted
WaterGAP2 inflow from upstream grid cells is routed through global lakes see Table S32.
WAYS not represented
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Table S46. Streamflow (Qr;)

Model Equation
CLM4.5 Qri = -— X Sri
2 .
CLMS5.0 Qri _ rz,hydraulic 3 X Spi
Cwum Out Ot
At rij41 T @ri
CWaM = X Qriili +ax (Qriif1)" = l L Quit™ b ax (Quitn) + At x (Gt + @it
For each cell and for each time step using an iterative approach given in Chow et al. [9]. The coefficients can
be calculated using Manning’s equation.
DBH not represented
HO8 QM = Z Rsu + Q’iu
When a dam is present, outflow from dam is used, see Table 35.
JULES-W1 not represented
LPImL ! e
m Qri,out erzanL>ZF><n><Z Xe v
for: n = 7 ", = Ehom. p o gamma function which allows for non-integer values of "n"
ri,hom Umean
Mac-PDM.20 not represented
MATSIRO at a grid without reservoir
¥ Sm' - Sri, i i
Qrij = (Q'Lu + Rtot ) - % (Azrr + Adom + Atnd)
A part of Ryt flows into a pond and is stored in the pond, then R;o¢ becomes R0t which = Qe iocal
at a grid with reservoir
QT’itle’l‘E - (A;fr + Adom + Al:Ld) .
mHM Qm‘iil =Chw1 X sz + Chra2 X Qriz‘ + Cnz X Qrijt
for each cell ¢ and for each time step ¢ using an iterative approach given in Chow et al. [9]. The coefficients
Carr — C w3 are fully derived in Thober et al. [50].
MPI-HM Qri = Srin lforn=5
"
ORCHIDEE Qi = ——rbstream,i
tret X tm’ stream 5
PCR-GLOBWB Qri = 220 4 iy X Cupeir x QuaCreir D) ¢ 89t
617 i At
VIC not represented
WaterGAP2 Qi = li X Syi
forv = CIV171 X Cri,hydraulic% X s'r‘i%
for details see Verzano et al. [52]
WAYS not represented
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Table S47. Evaporation from river (E;)

Model Equation

CLM4.5 not represented

CLMS.0 not represented

CWatM Eri = Elu“,pot - min(PtotyEla,pot)
DBH not represented

HO8 not represented

JULES-W1 not represented

LPJmL EM' = Ela = min(Sla,Ela,pot)
Mac-PDM.20 not represented

MATSIRO not represented

mHM not represented

MPI-HM not represented

ORCHIDEE not represented

PCR-GLOBWB E.=PET

VIC not represented

WaterGAP2 not represented

WAYS not represented
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Table S48. Minimum and Maximum values of each water storage Part I

Water Storage

Canopy storage

Snow storage

Soil storage

Groundwater storage

Lake storage

Wetland storage

Reservoir storage

River storage

CLM4.5 CLM5.0 CWatM DBH
Min Max Min Max Min Max Min Max
depends on depends on
vegetation vegetation specific to each land 4
0 characteristics 0 characteristics 0 cover class and time 0 %i;ox Laz(} 5x
(>20 PFT) and (>20 PFT) and of the year
state (LAI) state (LAI)
107*x  for canopy
0, for canopy LAIx
0 no upper limit 0 no upper limit 0 no upper limit 0.002m, for ground Foacas
surface no limit,  for ground
(saturated soil layer surface
water content - 100%, absolute
0 100% 0 100% 0 residual soil layer 0 capacit_y is .
water content) X soil determl_ned by soil
layer depth properties
0 no upper limit 0 4800mm 0 no upper limit not represented not represented
the storage is the storage is
forced constant forced constant
(any imbalance (any imbalance
between P and between P and
ETis ETis
0 compensated 0 compensated 0 no upper limit not represented not represented
by an artificial by an artificial
runoff term, runoff term,
keeping lake keeping lake
depth at a depth at a

not represented

not represented

not represented

constant value)
not represented

not represented

not represented

not represented

not represented

not represented

constant value)
not represented

not represented

not represented

not represented

not represented

defined for each
reservoir, cannot be
exceed because of
included non
damaging outflow
function

no upper limit

not represented

not represented

Reservoir storage
capacity
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Table S49. Minimum and Maximum values of each water storage Part II

Water Storage

Canopy storage

Snow storage

Soil storage

Groundwater storage
Lake storage
Wetland storage

Reservoir storage

River storage

HO8 JULES-W1 LPJmL MATSIRO
Min Max Min Max Min Max
Sea,p specific to
each PFT,
respectively, tropical
and temperate trees
Seca,maz = 0.02, boreal trees
Sea.min +0.05 X 0.06, grasses 0.01.
LAI Canopy water
Minirlnum .LAI storage is assumed to
permitted in be the product of
calculation of the daily precipita2on,
albedo in snow-free leaf area index, and a
not represented  not represented  Sca,min = 0.5 conditions is set to 0 PFTand CFT—s;)eciﬁc not represented
0.5 m2/m2, parameter that
maximum LAI value approximates the
ranges between 1 leaf form of the
and 5 depending on PFTs and the
the plant functional precipita2on regime
type (PFT). [5] (rainfall intensity)
where they typically
grow. The parameter
is tabulated in Gerten
et al. (2004).
0 no upper limit 0 no upper limit 0 mm 20000 mm not represented

wilting point

0
not represented
not represented

no limit

field capacity

no upper limit
not represented
not represented

dam capacity

no limit

Depends on the soil
type per grid cell.
Defined per grid cell
(0.5 degrees).
Volumetric soil
moisture content at
the wilting point (m3
water per m3 soil)
i.e. the point at
which soil moisture
stress completely
prevents
transpiration, ranges
between 0 (for ice
covered regions) and
0.263. The
configuration uses
soil data from the
Harmonized World
Soil Database

not represented

not represented

not represented

not represented

not represented

Depends on the soil
type per grid cell.
Defined per grid cell
(0.5 degrees). The
volumetric soil
moisture content at
saturation (m3 water
per m3 soil) ranges 0
between 0 (for ice
covered regions) and
0.458. The
configuration uses
soil data from the
Harmonized World
Soil Database. [35]

not represented
not represented 0
not represented

not represented 0

not represented 0

not represented

not represented

Sso,sat,p specific to
soil type clay=0.468;
silty clay=0.468; sandy
clay=0.406; clay
loam=0.465; silty clay
loam=0.464; sandy
clay loam=0.404;
loam=0.439; silt
loam=0.476; sandy
loam=0.434;
silt=0.476; loamy
sand=0.421;
sand=0.339; rock and
ice=0.006.

not represented
fia X 5 x G x 1000
not represented

Reservoir dependent,
this is an input to the
model

no upper limit

Soil storage is
constrained by soil
layer thickness and
porosity

not represented
not represented
not represented

Reservoir storage
cannot exceed
storage capacity
specified in GRanD
data

not represented
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Table S50. Minimum and Maximum values of each water storage Part III

Water Storage

Canopy storage

Snow storage

Soil storage

Groundwater storage
Lake storage

Wetland storage
Reservoir storage

River storage

Mac-PDM.20 mHM MPI-HM ORCHIDEE PCR-GLOBWB
Min Max Min Max Min  Max Min Max Min  Max
not not Pint.maz = 1no upper no upper
represented re(;)resemed 0.15 — 0.4mm 0 limit 0 0.02x LAI'X fea 0 limit
0 no upper no upper 0 no upper 0 no upper 0 no upper
limit limit limit lgmit . limit
s0,sat,p Specific to
soil type (m® m™?)
clay=0.3; silty
clay=0.36; sandy
ZN S d clay=0.38; clay
0 no upper 0 hi:1 jéu;mg’”_‘f so 0 Sso,maz = 0 loam=0.41; silty clay porosity *
limit W ex: ; lhl ) Sso, 1L X dso,root loam=0.43; sandy clay layer depth
number of soil layers loam=0.39; loam=0.43;
silt loam=0.45; sandy
loam=0.41; silt=0.46;
loamy sand=0.41;
0 no upper 0 no upper 0 no upper not rsl%?d=0'43‘ 0 no upper
limit limit limit represented  represented limit
not not no upper not not no upper
not represented  not represented 0 - 0 -
represented  represented limit represented  represented limit
not not t cented " cented 0 no upper not not 0 no upper
represented  represented not represente not represente limit represented  represented limit
not not not not not not 0 design
represented  represented  represented represented represented  represented capacnt}./ of
P P! P! P P! P!
not not no upper not 0 no upper 0 a%%‘aigg
represented  represented limit represented limit limit

76



Table S51. Minimum and Maximum values of each water storage Part IV

Water Storage

Canopy storage
Snow storage

Soil storage
Groundwater storage
Lake storage

Wetland storage

Reservoir storage
River storage

VIC WaterGAP2 WAYS
Min Max Min Max Min Max
0 no upper limit 0 Sca,maz = 0.3 x LAI 0 f(LAI maz)
0 no upper limit 0 1000 mm 0 no upper limit
0 porosity * layer depth 0 Sso,max 0 Srz,maz
0 no value no limit no limit 0 no upper limit
0 no upper limit —Sla,local,max Sla,local,maz = not represented
7Sla,global7maz Bla,local,mam X dbm
Sla,global,maz =
Bla,glnbal,mam X bm
0 no upper limit 0 we,local,maz = not represented
Bwe‘local,maac X 2m
ch,globul,'maw =
Bw(’.,global,'muw X 2m
0 design capacity of reservoir 0 Sre,c % 0.85 not represented
0 no value 0 no limit 0 no upper limit
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Table S52. Irrigation water demand (A;r.r.)

Model Equation
CLM4.5 Airr = X Sso,sat + (1 =) X Sso,w P — Sso,cur
CLM5.0 Airr = J X Sso,sat + (1 = 7) X Sso,wp — Sso,cur
CWatM Airr = AT + A7
DBH not represented
HO8 Airr = AJ0 + A7
JULES-W1 not represented
LPImL Airr = Airrnet + Airrapp

Airr,net = mam(O, Sso,FC - Ssa,ready)

Airr,app = mam(O, (Sso,sat - Sso,FC) XA — Ssn,ready), see [41]
Mac-PDM.20 not represented

3

MATSIRO Asmr = B2 x ;mam[(sso,t,i ~ Sao.,i),0] X Caosi

Sso,t,i =aX ¢so

«is set at 1 for rice and 0.75 for the other crops, see [38].
mHM not represented
MPI-HM Aigr = (T  Jea=firr | ppp f) -T

fca

firr=1— ZMSTz ; for i = base flow, river, wetland
ORCHIDEE not represented
PCR-GLOBWB Airp =AY+ AT
VIC not represented
WaterGAP2 Airr = ALY + A7
WAYS not represented
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Table S53. Irrigation groundwater abstraction (AJY)

irr

Model Equation
CLM4.5 not represented
CLMS5.0 not represented
CWatM AJS = Avor — ASt
A5 =min(Sgw — Adst)
Afgw = Ajor — Adcy
DBH not represented
HO8 Al = AL ALY
w,rw : S K "1
A,LQTT’ = mln(fgw,use X Aim“,dem X gzg = )
Ag:l:v,nrw = fgw,usc X Air'r,dem - Agw,'r'w
JULES-W1 not represented
LPJmL not represented
Mac-PDM.20 not represented

MATSIRO Given the amount of water requirement for irrigation, water is firstly taken from local river flow (potentially
regulated by global reservoir), then from local reservoir (same cell or upstream cell). Then, rest of water require-
ment unmet is taken from groundwater resource. Here MATSIRO assumes unlimited groundwater resource.
AZY = AirT,dem - Af:;y‘

irr

mHM not represented
MPI-HM ALY = firr X Squ
ORCHIDEE not represented
PCR-GLOBWB AV, = Avor — Agey

A% =min(Sgw — Agi)“t)
Afgw = ATY — AT"

pot act
VIC not represented
w Airhcons
‘WaterGAP2 A%u; = — X fgw,use
Airr,cons 18 calculated with a Global Irrigation Model, see [34] and [12].
WAYS not represented
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Table S54. Irrigation groundwater consumption (

ALY

irT,cons)

Model Equation

CLM4.5 not represented

CLMS.0 not represented

CWatM Agw,(:ons = Atut,cons - Asw,cons

DBH not represented

HO8 A:Li]g‘,cons = fcons,A X A'?:;‘

JULES-W1 not represented

LPJmL not represented

Mac-PDM.20 not represented

MATSIRO Theoretically speaking, A7, . = X x A7 where X is overall irrigation efficiency (which does not consider
combinations of irrigation system type and water sources.)

mHM not represented

MPI-HM no water losses are computed

ORCHIDEE not represented

PCR-GLOBWB ALY cons = % X Ajrr x X

VIC not represented

WaterGAP2 ALY cons = Airrcons X fgw,use Airr,cons is calculated with a Global Irrigation Model, see [34] and [12].

WAYS not represented
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Table SS5. Return flow from irrigation groundwater abstraction (A, ;)

Model Equation
CLM4.5 not represented
CLMS.0 not represented
CWatM Airrrg = firreff X Airr, See [12]
Airr,rf,firr = Airr - Airr,cons
DBH not represented
HO8 Agﬁi,rf = (1= fiost) X (1 — feons,a) X ALY [24]
JULES-W1 not represented
LPJmL not represented
Mac-PDM.20 not represented
MATSIRO In MATSIRO, return flow is implicitly accounted for.
MATSIRO estimates potential irrigation water amount to keep soil moisture at the target level of 0.75. Irrigation
water added, added as sprinkler irrigation, can percolate into deeper layers, ultimately recharging groundwater,
or contribute to local runoff depending on the rate of consumptive use by crops and soil wetness conditions.
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
w R w
PCR-GLOBWB = m X Ajr X (1= X)
VIC not represented
WaterGAP2 'Lgr‘u;",rf = ASZTU; - gr‘l'l;',(:uns
WAYS not represented
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Table S56. Irrigation surface water abstraction (A$Y.)

Model Equation
CLM4.5 Al = Airr
CLMS5.0 Al = Airr
CWatM A::f; _ irr,cons
firr,eff
firrefr: see [46].
It also simulates overflow of the flooded topsoil for paddy rice land use. This saturation excess it is not controlled
by soil hydraulic properties, but by human intervention.
Roy = max(0, Spaddy — 0.05 m); Spaddy = the storage of flooded paddy rice (only for paddy rice land use)
DBH not represented _
HO8 Aj = AR+ A+ Al + ALY
JULES-W1 not represented _ ‘
LPJmL Aty = Alf,  Apeiohet AT 4 AT,
Mac-PDM.20 not represented
MATSIRO Given the amount of water requirement for this sector, water is firstly taken from local river flow (potentially
regulated by global reservoir), then from local reservoir (same cell or upstream cell).
A::; — Af::Ld + A;:;global + A:;r
mHM not represented
MPI-HM A5 =3 (firr X Srisn) + firr X Suwe
n=1
ORCHIDEE not represented
PCR-GLOBWB A = _ G X Airr
Rgw + Qiu
VIC not represented
Ai'r‘r cons . . . .
WaterGAP2 Al = fi X (1 = fgw,use) Airr,cons is calculated with a Global Irrigation Model, see [34] and [12].
irr,sw,ef f
WAYS not represented
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Table S57. Irrigation surface water consumption (A7) cons)

Model Equation
CLM4.5 A;'u;,cons = A157w7 - f;‘;,rf
CWatM For paddy irrigation:
Ai'r-r,cons = (d;;uddy,maz - ( ;I;ddyt_l - efft))
;z:ddyt = f)?:ddyt71 + Popf' + Aipr + Rin — Eosuy™
For non paddy:
A‘ o Sso,TZL - Sso,Tea,dy (Sso,rea,dy < Ssn,crit)
frmeons 0 (Sso,rcady 2 S.so,crit)
SSD,TZL = Ssn,FC - Sso,WP
Ssn,rea,dy = Sso - SSO,WP
Sso,erit = (1 =p) X Sso, 121 + Sso,(WP )
1 PET —0.6
P= 076+ 15xPET) AT 1 seBl
DBH not represented
HO8 Airr = Airr cons + Airrioss T Airrr s
A;‘:f;‘,cons = fcons,A X A::;
'?Tz‘li‘,loss = flost X (1 - fcons,A) X Af:?)"
JULES-W1 not represented
LPImL A5 ons = Airrmet + )?i”’““’ — Sty 0.95, see [7] and Table S52.
conv
Mac-PDM.20 not represented
MATSIRO Theoretically speaking, Ay cons = X X Ajr
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
PCR-GLOBWB ASY cons = _ Q. X Airr
’ ng + Qiu
VIC not represented
WaterGAP2 A cons = Airrcons X (1= fgw,use)
Airr,cons 18 calculated with a Global Irrigation Model, see [34] and [12].
WAYS not represented
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Table S58. Return flow from irrigation surface water abstraction (A

sw
irr,rf

)

Model

Equation

CLM4.5
CLMS5.0

CWatM
DBH

HO8
JULES-W1
LPJmL

Mac-PDM.20
MATSIRO

mHM

MPI-HM
ORCHIDEE
PCR-GLOBWB
VIC
WaterGAP2
WAYS

sw

irr,rf = fG,sa

% Asw
t >

irr

sw . sw
irr,rf — fG.sat X Airr

sw

not represented

0 p = (1= frost) X (1= feons,a) X A5 See [12], [24]

not represented

sw sw
rr,rf — Airr,cons

not represented

Return flow from irrigation using surface water is not separately estimated in MATSIRO; this component is a
part of the return flow from the total water use within a grid cell.

not represented
not represented
not represented
not represented
not represented

sw sw

irr,rf — Airr

not represented

—A

irr,rf = f’irr,eff X Airr, See [12]

- Airr,nct - Air'r',app

Where: Easw = (7Ai7'7',nct - Airr,app) X 05

sw
irr,cons
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Table S59. Equations for domestic groundwater abstraction (A9 )

dom

Model Equation
CLM4.5 not represented
CLMS5.0 not represented
CWatM ALY = (1= f3") X (Airr + Aina + Adom + Aliv)
CWatm only calculates total abstraction from groundwater or surface.
sw __ Rsy
A 7 ReutRgw
DBH not represented
HO8 AQE = ARSI g AgEnT )
AZZ;’JW = min(fgw,use X Adom,dem X gm,rw)
AZLUT;ZLMU = fgw,usc X Adom,dem - Agf{,;w
JULES-W1 not represented
LPJmL prescribed data offered by ISIMIP2b framework
Mac-PDM.20 not represented
MATSIRO Given the amount of water requirement from the domestic sector, water is firstly taken from local river flow (potentially regulated by ¢

where Agom,dem is do-
mestic sectoral water
requirement.

mHM

MPI-HM

ORCHIDEE

PCR-GLOBWB

VIC
WaterGAP2

WAYS

sw

gw __
A - Adom,dem - Adnm

dom

not represented
not represented
not represented
qw Rgw
dom — ng +Qzu
not represented
Agfm = Adom X fgw,use
Adom = Co™ x POP

dom

for C¥™ S gee [18].

dom

not represented

X Adn'm,dem
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Table S60. Equations for domestic groundwater consumption (A%" )

dom,cons

Model Equation
CLM4.5 not represented
CLMS5.0 not represented
CWatM AL cons = (1= f4°) X (Airr,cons + Aind,cons + Adom,cons + Aliv)
DBH not represented
HO38 Aggwum = Agzum,cons + AZZ)T;I,UJOSS + qujm,rf
Agg;m,cons = fcons,A X Aflom w
Agém,loss = ferSf/ X (1 - fcons,A) X Ag;m
JULES-W1 not represented
LPJmL prescribed data offered by ISIMIP2b
Mac-PDM.20 not represented
MATSIRO only 10 % of domestic water use is assumed to be consumptively used.
Theoretically speaking:
AZ;”m,,cons = Xd‘”'” X AZZ;TL
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
PCR-GLOBWB Agzjm coms = ng Ado'm,cons
’ ng + Qiu Admn,dem
VIC not represented
WaterGAP2 Agzjchuns = Adom,‘cons X fgu),use
A _ J Adom X Caom,cons, year <2000
G Ao — Adomrs,  year > 2000
Starting with 2000 Agom,cons is based on return flow data, see [18].
WAYS not represented
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Table S61. Equations for return flow from domestic groundwater abstraction (A%7 . /)

Model Equation

CLM4.5 not represented

CLMS5.0 not represented

CWatM It computes only total return flow from non-irrigated water abstractions.

Arfnonirr = (1= fiost) X (Aind + Adom — (Aind,cons + Adom,cons))
Arfnonirr,eva = fiost X (Aind + Adom — (Aind,cons + Adom,cons))

DBH not represented
HO8 AGY o= (1= fiowt) X (1= feons,a) X AJS . see [24]
JULES-W1 not represented
LPJmL not represented
Mac-PDM.20 not represented
MATSIRO 90 % of domestic water use is implicitly assumed to have returned to the original source (groundwater; see
[39D.
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
gw _ ng Adom,dem — Adum,cons
PCR-GLOBWB Ao s Fow+ O Adomdom
VIC not represented
WaterGAP2 Ao rg = Adom,rf X fgw,use
A _J Adom — (Adom X Caom,cons) year < 2000
domarf = Adom,rf year > 2000
Starting with 2000 Agom,rf is based on wastewater volume data, see [18].
WAYS not represented
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Table S62. Equations for domestic surface water abstraction (A3%,,)

Model Equation
CLM4.5 not represented
CLMS5.0 not represented
CWatM Ajor = f2" X (Airr + Aina + Adom + Aliv)
DBH not represented
HOS = ASL AT AT+ A
JULES-W1 not represented
LPJmL prescribed data offered by ISIMIP2b
Mac-PDM.20 not represented
MATSIRO Given the amount of water requirement for this sector, water is firstly taken from local river flow (potentially
regulated by global reservoir), then from local reservoir (same cell or upstream cell).
o = AT AT AT
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
PCR-GLOBWB dom = 7ngQ_;_” o X Adom,dem
VIC not represented
WaterGAP2 Agom = Adom X (1 — fgw,use)
Adom = C '™ x POP
for C™ """ see [18].
WAYS not represented
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Table S63. Equations for domestic surface water consumption (AZ,, .on.)

Model Equation
CLM4.5 not represented
CLMS.0 not represented
CWatM tot.cons = Ja. X (Airr,cons + Aind,cons + Adom,cons + Ativ)
DBH not represented
HO8 (Si:;)m = Azzum,cons + AZ‘Z}m,loss + Aiz)m,rf
zsi’g)m,cons = fcons,A X Aizum, see [12]
Azsiz:fn,loss = flost X (1 - fcons,A) X Aflq;)m
JULES-W1 not represented
LPJmL prescribed data offered by ISIMIP2b
Mac-PDM.20 not represented
MATSIRO only 10 % of domestic water use, from surface water bodies, is assumed to be consumptively used. Theoretically
Speaking: A;ﬁ;n,cuns = Xdom X AZZNL
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
PCR-GLOBWB S ome = i Adomcons
’ ng + Qiu Adom,dem
VIC not represented
WaterGAP2 Zg)m,cons = Adom,cons X (1 - fgw,use)
Adom X Caom,cons, year < 2000
for Adam.cons = ’
' Adom — Adom,rf¢ year > 2000
Starting with 2000 Agom,cons is based on return flow data, for details see [18].
WAYS not represented
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Table S64. Equations for return flow from domestic surface water abstraction (Agg,, ;)

Model Equation
CLM4.5 not represented
CLMS.0 not represented
CWatM Artnonirr = (1 = fiost) X (Aind + Adom — (Aind,cons + Adom,cons))
Arfnonirr,eva = fiost X (Aind + Adom — (Aind,cons + Adom,cons))
DBH not represented
HO8 A(Si’g)fn,rf = (1 - flost) X (1 - fcons,A) X AZZJm [24]s [12]
JULES-W1 not represented
LPJmL not represented
Mac-PDM.20 not represented
MATSIRO 90 % of domestic water use, from surface water bodies, is implicitly assumed to have returned to the original
source (surface water; [39]).
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
PCR-GLOBWB not represented
VIC not represented
WaterGAP2 Adomrf = Adom,rf X (1= fgw,use)
A | Adom — (Adom X Caom,cons) year < 2000
dom,rf = Adom,rf year > 2000
Starting with 2000 Agorm,r5 is based on wastewater volume data, for details see [18].
WAYS not represented
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Table S65. Equations for livestock groundwater abstraction (

AJY

liv

)

Model

Equation

CLM4.5
CLM5.0
CWatM

DBH

HO8
JULES-W1
LPJmL
Mac-PDM.20
MATSIRO
mHM
MPI-HM
ORCHIDEE

PCR-GLOBWB

VIC
WaterGAP2
WAYS

not represented
not represented

ALY = (1— fa*) X (Airr + Aing + Adom + Aliv)

not represented
not represented
not represented
not represented
not represented
not represented
not represented
not represented
not represented
A9Y — Row

tiv ng + Qiu

not represented

water used in the livestock sector is solely abstracted from surface water bodies

not represented
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Table S66. Equations for livestock groundwater consumption (AY." )

liv,cons

Model Equation
CLM4.5 not represented
CLMS.0 not represented
CWatM ALt cons = (1= f4") X (Airr,cons + Aind,cons + Adom,cons + Aliv))
no duifference between withdrawal and consumption for livestock
DBH not represented
HO8 not represented
JULES-W1 not represented
LPJmL not represented
Mac-PDM.20 not represented
MATSIRO not represented
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
gw _ ng Aliv,cons
PCR-GLOBWB Allio cons = Fow+ O X Arvo dom
VIC not represented
WaterGAP2 not represented
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Table S67. Equations for livestock surface water abstraction (A;;;)

Model Equation

CLM4.5 not represented

CLMS5.0 not represented

CWatM Ajor = 2" X (Airr + Aina + Adom + Aliv)
DBH not represented

HO8 not represented

JULES-W1 not represented

LPJmL not represented
Mac-PDM.20 not represented

MATSIRO not represented

mHM not represented

MPI-HM not represented

ORCHIDEE not represented
PCR-GLOBWB AP = Rgff‘b X Al dem
VIC not represented

WaterGAP2 tio = Aliv cons

WAYS not represented
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Table S68. Equations for livestock surface water consumption (Af;‘v’,cons)

Model

Equation

CLM4.5
CLM5.0
CWatM

DBH

HO8
JULES-W1
LPIJmL
Mac-PDM.20
MATSIRO
mHM
MPI-HM
ORCHIDEE
PCR-GLOBWB

VIC
WaterGAP2
WAYS

not represented
not represented

same as Table S67

not represented
not represented
not represented
not represented
not represented
not represented
not represented
not represented
not represented

A =
liv,cons —

not represented

sw _ 10
Al cons = 2imq POPiiv i X C

not represented

for 10 livestock types [1], [34].
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Table S69. Equations for manufacturing groundwater abstraction (A%, )

Model Equation
CLM4.5 not represented
CLMS.0 not represented
CWatM Ay = (1= f4°) X (Airr + Aina + Adom + Auiv))
DBH not represented
Hos Al = A+ AR
Where:
A = minFouse X A, e x 22200
Ai]nu;,:'r‘w = fgw,use X Aman,dem - A!r]nlz)v’:w
JULES-W1 not represented
LPJmL not represented
Mac-PDM.20 not represented
MATSIRO combines manufacturing sector and electricity sector and calls this sector industrial sector. Given the amount
of water requirement for the industrial sector, water is firstly taken from local river flow (potentially regulated
by global reservoir), then from local reservoir (same cell or upstream cell). Then, rest of water requirement
unmet is taken from groundwater resource. Here, here MATSIRO assumes unlimited groundwater resource.
A?Y = Aind,dem — Aing Where Aing,dem is water requirement of the industrial sector.
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
PCR-GLOBWB Age = o e
Rgw + Qiu ’
VIC not represented
gw e POP,
WaterGAP2 AT = Aman X POP: X fow,use
Asian = Cran' 727 X GAV x Cri”
WAYS not represented
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Table S70. Equations for manufacturing groundwater consumption (A%, cons)

Model Equation
CLM4.5 not represented
CLMS5.0 not represented
CWatM AL cons = (1= f4") X (Airr,cons + Aind,cons + Adom,cons + Aliv))
DBH not represented
HO8 A%Lf]l" = ATg’f:/Lf]ln,flon-‘! + Awgnu;n,loss + Afr:‘:zn,rf

A%1é71,,co71,s = fCDnS.A X A%‘;n [43]

Ag:én“lass = flost X (1 - fC(mS,A) X Agri‘z;n
JULES-W1 not reﬁresented
LPJmL not represented
Mac-PDM.20 not represented
MATSIRO 10 % of domestic water use is assumed to be consumptively used. Theoretically speaking:

A'nglud,cons = Xi'”'d X A’Lg’l/llﬁd

where X4 is overall water use efficiency of the industrial sector.
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
PCR-GLOBWB AS i cons = Rgw Aman,cons

' ng + Qiu Aman,dam

VIC not represented
WaterGAP2 Adpan cons = (Aman — Aman,rf) X %ﬁ; X fow use

Afian = Crngn' 727 X GAV x Cric”

¢ _J Afan X Cranscons  year < 2000
et A+ At year 22000

For details on manufacturing cooling and waste water see [18].

WAYS not represented
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Table S71. Equations for return flow from manufacturing groundwater abstraction (AY" )

man,rf

Model Equation
CLM4.5 not represented
CLMS.0 not represented
CWatM Artnonirr = (1 = fiost) X (Aind + Adom — (Aind,cons + Adom,cons))
Arfnonirr,eva = fiost X (Aind + Adom — (Aind,cons + Adom,cons))
DBH not represented
HO8 Agnu;nwf - (1 - flost) X (1 - fcon&,A) X Agr;.u;.n
JULES-W1 not represented
LPImL not represented
Mac-PDM.20 not represented
MATSIRO 90 % of domestic water use is implicitly assumed to have returned to the original source (groundwater; [39]).
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
PCR-GLOBWB Af,:f;n‘rf _ Rgur ™ Aman,dem - A?‘rban,c()ns
’ ng + Qiu Ama,n,dem
VIC not represented
qgw
WalerGAP? Aty = e e -
' (Amah + Ama';L ) X pop’é X fgw,use, year Z 2000
For details on manufacturing cooling and waste water see [18].
WAYS not represented
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Table S72. Equations for manufacturing surface water abstraction (A; s, )

Model Equation

CLM4.5 not represented

CLMS5.0 not represented

CWatM Ai;‘é = Zw X (Az‘rr + Aind + Adum + Ali’u)
DBH not used for ISIMIP2b

HO8 A = AR ATE 4 ATE b ALY
JULES-W1 not represented

LPJmL prescribed data offered by ISIMIP2b
Mac-PDM.20 not represented

MATSIRO combines manufacturing sector and electricity sector and calls this sector industrial sector.
Given the amount of water requirement for this sector, water is firstly taken from local river flow (potentially
regulated by global reservoir), then from local reservoir (same cell or upstream cell).

sw __ ppond re,global T
ind — Aind + Aind + Aind

mHM not represented
MPI-HM not represented
ORCHIDEE not represented
sw Qiu
PCR-GLOBWB Aman ==X Aman em
Rgw + Qiu A
VIC not represented
POP,

WaterGAP2 At = Agnan X = X (1= fow,use

atert man mavn POPI‘,? ( fg ) )

Asian = Cran' 2% X GAV x Crie”

WAYS not represented

98



Table S73. Equations for manufacturing surface water consumption (Azs1 cons)

Model Equation
CLM4.5 not represented
CLM5.0 not represented
CWatM :Zﬁ,cons = fj\w X (Airr,cons + Aind,cons + Adom,cons + Ali'u)
DBH not represented
HO8 Afr"zvan = Afrzzuan,cons + Afr%n,loss + fr?(}zn,rf
Afsrzzvan?cons = fcons,A X Afrzzuan [12]
igé,n,lnss = flost X (1 - fcons,A) X A::;n‘:
JULES-W1 See [12]
LPJmL prescribed data offered by ISIMIP2b
Mac-PDM.20 not represented
MATSIRO only 10 % of domestic water use is assumed to be consumptively used. Theoretically speaking:
'?:Lud,cons = Xina X Af’r‘lfd
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
sw Qiu Amang:ons
PCR-GLOBWB Avan,cons = Fow+ O X ——
VIC not represented
WaterGAP2 Afrzzuanﬁons = (Afnan - A(r:nan,v‘f) X igiz X (1 - fgw,use)
Afnan _ C:fl,;;ztsQOOS x GAV X Cytsgz,m‘
c _ A(;nan X Cman,cons year < 2000
Al T Asone 4 Al year > 2000
For details on manufacturing cooling and waste water see [18].
WAYS not represented
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Table S74. Equations for return flow from manufacturing surface water abstraction (

Asw )

man,rf

Model

Equation

CLM4.5
CLM5.0
CWatM

DBH

HO8
JULES-W1
LPJmL
Mac-PDM.20
MATSIRO
mHM
MPI-HM
ORCHIDEE
PCR-GLOBWB
VIC

WaterGAP2

WAYS

not represented
not represented

Arf,nonirr - (1 - flnsf,) X (Aind + Adnm -

(Aind,cons + Adom,cons))

ATf,noniTr,eva = fl()st X (Aind + Adom - (Aind‘cons + Adom‘cons))

not represented

:;(LU(LH,T'f = (1 - flost) X (1 - fcons,A) X A::}an- See [24]

not represented
not represented
not represented

90 % of domestic water use is implicitly assumed to have returned to the original source (surface water; [39]).

not represented
not represented
not represented
not represented
not represented

sw

Af#im X Cm,an,cons

man,rf — coo,c ww,c
’ (A‘ITLG’VL + A7YllZ7L ) ><

POP,
POP¢

X (1 - fgw,use)

year < 2000
year > 2000

For details on manufacturing cooling and waste water see [18].

not represented
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Table S75. Equations for electricity surface water abstraction (AZ;")

Model Equation

CLM4.5 not represented

CLMS.0 not represented

CWatM It combines manufacturing and electricity sector in industry sector.

DBH not represented

HO8 not represented

JULES-W1 not represented

LPJmL not represented

Mac-PDM.20 not represented

MATSIRO represented in table S72. It combines manufacturing and electricity sector in industry sector.
mHM not represented

MPI-HM not represented

ORCHIDEE not represented

PCR-GLOBWB not represented

VIC not represented

WaterGAP2 S =Y Jeteproai X Jete, Avinto i (Jetecoosis Jetepr,i) X CLichehangerate
WAYS not represented
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Table S76. Equations for electricity surface water consumption

Model

Equation

CLM4.5
CLMS5.0
CWatM

DBH

HO8
JULES-W1
LPIJmL
Mac-PDM.20
MATSIRO
mHM
MPI-HM
ORCHIDEE
PCR-GLOBWB
VIC
WaterGAP2
WAYS

not represented
not represented
not represented
not represented
not represented
not represented
not represented
not represented
not represented
not represented
not represented
not represented
not represented
not represented

sw

not represented

n
ele — zi:l Jele,prod,i X Jele,consjnts,i(Jele,coo,iy Jele,pt,i)

techchangerate
x Cele
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Table S77. Groundwater abstraction (Ag.)

Model Equation

CLM4.5 not represented

CLMS.0 not represented

CWatM It calculates the water abstraction in total from all users and afterwards it distributes the total withdrawal to

different sources: surface water, sustainable groundwater (available groundwater), unsustainable groundwater
(fossil groundwater), human water use sectors (domestic, livestock, irrigation, industry).

DBH not represented

HO8 not represented

JULES-W1 not represented

LPJmL not represented
Mac-PDM.20 not represented

MATSIRO Agw = A7 — ASY — AT
mHM not represented

MPI-HM Agw = AJY

ORCHIDEE not represented
PCR-GLOBWB not represented

VIC not represented

WaterGAP2 Agw = AT — A0 — ATY
WAYS not represented
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Table S78. Total lake abstraction (A;4)

Model Equation

CLM4.5 not represented

CLMS.0 not represented

CWatM It calculates the water abstraction in total from all users and afterwards it distributes the total withdrawal to
different sources: surface water, sustainable groundwater (available groundwater), unsustainable groundwater
(fossil groundwater), human water use sectors (domestic, livestock, irrigation, industry).

DBH not represented

HO8 not represented

JULES-W1 not represented

LPJmL Ala = (Af:;”,cons,G + Ah,il,G) + (A;‘g;‘;‘,co71sdowns{meam + Ahil,Gdownstream)

Mac-PDM.20 not represented

MATSIRO not represented

mHM not represented

MPI-HM Ala = A3Y.

ORCHIDEE not represented

PCR-GLOBWB Ala = Adom,dem + Aind,dem + Airr.dem + Aliv,dem

VIC not represented

WaterGAP2 Al = Ajgrn + AL + Ail + Alls + A
The net surface water abstraction is satisfied in WaterGAP2 in following order 1. River, 2. global lakes and
reservoirs and 3. local lakes

WAYS not represented
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Table S79. Total reservoir abstraction (A )

Model Equation

CLM4.5 not represented

CLMS.0 not represented

CWatM It calculates the water abstraction in total from all users and afterwards it distributes the total withdrawal to
different sources: surface water, sustainable groundwater (available groundwater), unsustainable groundwater
(fossil groundwater), human water use sectors (domestic, livestock, irrigation, industry).

DBH not used for ISIMIP2b

HO8 Are = Adom,month + Aind,month + Airr,month

JULES-W1 not represented

LPJmL ATE = (A;;:f;,cnns.G + Ahil,G) + (Af:f;-,consdownstream + Ahll,Gdown.stream)

Mac-PDM.20 not represented

MATSIRO Ave = Agom + Aivia + Alrr

mHM not represented

MPI-HM not represented

ORCHIDEE not represented

PCR-GLOBWB Ala = Adom,dem + Aind,dem + Airr.dem + Atliv,dem

VIC not represented

WaterGAP2 Ape = Ao, +ASL + AS + AJ + AT
The net surface water abstraction is satisfied in WaterGAP2 in following order 1. River, 2. global lakes and
reservoirs and 3. local lakes

WAYS not represented
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Table S80. Total river abstraction (Ar;)

Model Equation

CLM4.5 not represented

CLM5.0 Ari = Airr

CWatM It calculates the water abstraction in total from all users and afterwards it distributes the total withdrawal to
different sources: surface water, sustainable groundwater (available groundwater), unsustainable groundwater
(fossil groundwater), human water use sectors (domestic, livestock, irrigation, industry).

DBH not represented

HO8 not represented

JULES-W1 not represented

LPJmL not represented

Mac-PDM.20 not represented

MATSIRO not represented

mHM not represented

MPI-HM combined with lake abstraction

ORCHIDEE not represented

PCR-GLOBWB not represented

VIC not represented

WaterGAP2 A= ASE + ASE + ASE + AT+ A
The net surface water abstraction is satisfied in WaterGAP2 in following order 1. River, 2. global lakes and
reservoirs and 3. local lakes

WAYS not represented
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Table S81. Seawater abstraction (Aocean )

Model Equation

CLM4.5 not represented

CLMS.0 not represented

CWatM not represented

DBH not represented

HO8 To have the potential to use desalination three conditions must be met:

1) GDP > 14000 USD person / year in terms of purchasing power parity (PPP)

2) humidity index below 8%

3) within 3 grid cells of the seashore

It is assumed that seawater desalination is not used for irrigation and all demand for municipal and industrial
water is abstracted by desalination if available. Therefore:

Aocean = Aind + Amun?ﬁ

JULES-W1 not represented
LPJmL not represented
Mac-PDM.20 not represented
MATSIRO not represented
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
PCR-GLOBWB not represented
VIC not represented
WaterGAP2 not represented
WAYS not represented

107



Table S82. Seawater consumption (Aocean,cons)

Model Equation

CLM4.5 not represented
CLMS.0 not represented
CWatM not represented
DBH not represented

HO8 Desalination is not used for irrigation.
Aocean,cons = fcons,A X Aocean
Where fcons, a is the ratio of consumption to withdrawal and is equal to 0.1 and 0.15 for industrial and municipal
water use, respectively.

JULES-W1 not represented
LPJmL not represented
Mac-PDM.20 not represented
MATSIRO not represented
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
PCR-GLOBWB not represented
VIC not represented
WaterGAP2 not represented
WAYS not represented
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Table S83. Return flow from seawater abstraction (Aocean,rt)

Model Equation

CLM4.5 not represented
CLMS.0 not represented
CWatM not represented
DBH not represented

HO8 Desalination is never used for irrigation.
Aocean;rf = (1 - flost) X (1 - fcons,A) X Aocean
Where, fcons,a is the ratio of consumption to withdrawal (-) and fj,¢ is the proportion lost during delivery (-).
The fist factor is set to 0.1 for industrial use and 0.15 for municipal use, the second factor is set to 0.

JULES-W1 not represented
LPJmL not represented
Mac-PDM.20 not represented
MATSIRO not represented
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
PCR-GLOBWB not represented
VIC not represented
WaterGAP2 not represented
WAYS not represented
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Global Water Models

Global water models (GWMSs) were developed from the earliest land surface models (LSMs) created by Thornthwaite and
Mather (1957), Manabe (1969), Freeze and Harlan (1969), and Deardorff (1978). These first land surface models simulated
the terrestrial water cycle by considering vegetation processes, evaporation, soil moisture, and snow cover. Later on, during
the 1980s, the first global hydrological model (GHMs) is developed, with a spatial resolution of 0.5°x0.5°, accompanied by
its essential inputs, calibration and validation datasets, and modeling application studies, thereby, emphasizing the necessity
of global-scale hydrology (Vérésmarty et al., 1989). Dooge (1982) identified the two major challenges of global hydrology,
scaling and parameterization, and concluded that a global scale model requires prudent simplification (Dooge, 1986).
Eagleson (1986) underlined the necessity of global-scale hydrology.

In the 1990s, LSMs were intensively improved (Sellers et al., 1997), other GHMs were developed (Yates, 1997; Arnell,
1999), experiments on parameterization were done (Federer et al., 1996), and a global hydrological data compendium was
made publicly available for model calibration and validation (Vérésmarty et al., 1996). Furthermore, Vorosmarty et al., 1997
assessed globally the impact of hydraulic engineering (i.e., on dams and reservoirs) on the river systems. This decade is
remarkable through the community's progress toward a global-scale capability.

In the 2000s, other studies appeared on the hydrological calibration (Nijssen et al., 2001; D6l et al., 2003), human impact
schemes (Alcamo et al., 2003; de Rosnay et al., 2003), and vegetation dynamics, including CO2 fertilization effects (Gerten
et al., 2007). Ultimately, over the years, many global water models have been developed and improved and many studies
have been done to assess freshwater resources on the global scale (Bierkens, 2015). Global water models impose
uncertainties from forcing data, model parameters, processes included or excluded, and numerical algorithms used.
Additionally, each modeling group has a different model development concept and purpose. Therefore, many models
combined in an ensemble approach collect many uncertainties and structural differences. It is recommended to evaluate
GWAWM s for historical periods before making future projections, in order to validate their performance and reduce
uncertainties (Krysanova et al., 2018; Do et al., 2020).

In the end, Arheimer et al., 2020 showed that the catchment models can be applied at a global scale because of the new
global datasets, increased computational capacity, new methods to estimate parameters, and collaboration. GWMs may even
become a part of the Earth System Models used to simulate the water cycle at a high resolution, including human water
demand and use (Wood et al., 2011; Bierkens, 2015).

Evaluation of 16 global water models analyzed in the present study

Zaherpour et al. (2018) proved that the models simulate better the monthly runoff in the wetter equatorial and northern
hydrobelts than in drier southern hydrobelts. They also showed that GWMSs overestimated mean and extreme monthly
runoff.

Veldkamp et al. (2018) identified that mean, high and low flows are improved by considering water abstractions and
reservoir operations. However, these are also influenced by uncertainties regarding water abstraction sources, return flow
sinks, and the timing of these issues. Masaki et al. (2017) reported that different simulated outflows from reservoirs depend
on dam operation algorithms, with similar concepts in some cases, and on the simulated river inflows. Zhao et al. (2017)
highlighted the influence of the routing scheme on streamflow timing and magnitude and recommended inclusion of
floodplain storage and backwater effects in models.

Wartenburger et al. (2018) demonstrated the importance of actual (simulated) land evapotranspiration in global water cycle
and concluded that model results are affected by the methods used to estimate evapotranspiration, number of soil layers,
model structure, and uncertainties in the climate input datasets. Wartenburger et al. (2018) recommended improving the
simulation of low runoff and the magnitude and timing of seasonal cycles, investigating methods to calibrate models, testing
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models with different parameter values, and examining the interconnected uncertainties (e.g., perturbed parameter
ensembles: Gosling, 2013).

Scanlon et al. (2019) pointed out that some GWMs agree better with GRACE than others. They concluded that GWMs
underestimated GRACE-derived seasonal water storages amplitudes in tropical and (semi-)arid basins and overestimated
them in northern high-latitude basins. They suggested to increase the number of soil layers in the models, improve the
simulation of snow physics by including processes that delay snowmelt, improve evapotranspiration schemes, and add
surface water and groundwater storage compartments to some models.

GWMs were evaluated for a specific case: the 2003 European heatwave and drought (Schewe et al., 2019). They found that
most of the models overestimate the impacts on water resources and hydropower in some river basins. They also underlined
the need to further evaluate and improve the models for extreme conditions and to consider all optimistic and pessimistic
results in an ensemble as hypotheses.

GWNMs were also applied to model projections of climate change on irrigation water requirements (Wada et al., 2013), on
regional and global water scarcity (Schewe et al., 2014), on hydrological drought (Prudhomme et al., 2014), and on soil
moisture drought (agricultural drought, Grillakis, 2019). The first two studies, Wada et al. (2013) and Schewe et al. (2014),
concluded that hydrological model uncertainty is higher than climate model uncertainty and explained the high variation of
projected impacts of climate change on the irrigation sector and river discharge through the differences existent in the model
structures.

Prudhomme et al. (2014) underlined that models project little or even no increase in drought frequency if they include the
active response of vegetation to CO- and to climate change in their structure. Generally, it is also recommended to include
this process in models because elevated CO; concentrations cause physiological and structural effects on plants and
indirectly influence runoff and evapotranspiration over a geographical area. The physiological effect reduces the opening of
leaf stomata because less water is needed to assimilate carbon, leading to decreased transpiration and, indirectly, increased
runoff. The structural effect or fertilization effect causes an increase in plant growth and leads to increased transpiration per
unit area and, indirectly, a decreased runoff (Gerten et al., 2004). However, Singh et al. (2020) demonstrated that increased
leaf area under elevated CO, concentrations (structural effect) might counterbalance the increased water use efficiency
(physiological effect).

Reinecke et al. (2021) highlighted less severe decreases of groundwater recharge, and even increases in some regions, when
the CO?2 fertilization effect (active vegetation) is considered.

In summary, GWMs can be apply to assess the large-scale impacts of climate change and human activity on freshwater
systems, in addition to some model shortcomings (Hattermann et al., 2017). Gosling et al. (2017) underlined that the global
and regional water models share many similarities regarding runoff simulation results and their conceptual approach to
model development, although the GWM results vary more than regional water results.

References:

Alcamo, J., Déll, P., Henrichs, T., Kaspar, F., Lehner, B., Rosch, T., and Siebert, S.: Development and testing of the
WaterGAP 2 model of global water use and availability. Hydrol. Sci. J. 48(3), 317-337,
https://doi.org/10.1623/hysj.48.3.317.45290, 2003.

Arnell, N. W.: A simple water balance model for the simulation of streamflow over a large geographic domain, J. Hydrol.,
217, 314-335, https://doi.org/10.1016/S0022-1694(99)00023-2, 1999.

115



Bierkens, M. F. P., Bell, V. A, Burek, P., Chaney, N., Condon, L. E., David, C. H., de Roo, A., Déll, P., Drost, N.,
Famiglietti, J. S., Florke, M., Gochis, D. J., Houser, P., Hut, R., Keune, J., Kollet, S., Maxwell, R. M., Reager, J. T,
Samaniego, L., Sudicky, E., Sutanudjaja, E. H., van de Giesen, N., Winsemius, H., and Wood, E. F.: Hyper-resolution global
hydrological modelling: what is next?, Hydrol. Process., 29, 2, 310-320, https://doi.org/10.1002/hyp.10391, 2015.

Deardorff, J. W.: Efficient prediction of ground surface temperature and moisture, with inclusion of a layer of vegetation, J.
Geophys. Res., 83, 1889-1903, https://doi.org/10.1029/JC083iC04p01889, 1978.

Do, H. X., Zhao, F., Westra, S., Leonard, M., Gudmundsson, L., Boulange, J. E. S., Chang, J., Ciais, P., Gerten, D., Gosling,
S. N., Miller Schmied, H., Stacke, T., Telteu, C.-E., and Wada, Y.: Historical and future changes in global flood magnitude
— evidence from a model-observation investigation, Hydrol. Earth Syst. Sci., 24, 1543-1564, https://doi.org/10.5194/hess-
24-1543-2020, 2020.

Dall, P., Kaspar, F., and Lehner, B.: A global hydrological model for deriving water availability indicators: model tuning and
validation, Journal of Hydrology, 270, 05-134, https://doi.org/10.1016/S0022-1694(02)00283-4, 2003.

Dooge, J.: Parameterization of hydrologic processes, in: Proceedings of the Greenbelt Study Conference, edited by:
Eagleson, P., Cambridge University Press, new York, N.Y., 243-288, 1982.

Dooge, J. C. I., Looking for hydrologic laws, Water Resour. Res., 22(9), 46S-58S, 1986.

de Rosnay, P., Polcher, J., Laval, K., and Sabre, M.: Integrated parameterization of irrigation in the land surface model
ORCHIDEE. Validation over Indian Peninsula, Geophys. Res. Lett., 30, 1986, https://doi.org/10.1029/2003GL018024,
2003.

Eagleson, P.: The emergence of global-scale hydrology, Water Resour. Res., 22, 6S5-14S,
https://doi.org/10.1029/WR022i09Sp0006S, 1986.

Federer, C.A., Vorosmarty, C.J., and Fekete, B.: Intercomparison of methods for potential evapo-transpiration in regional or
global water balance models, Water Resources Research 32, 2315-21, https://doi.org/10.1029/96WR00801, 1996.

Freeze, R. A. and Harlan, R. L: Blueprint for a physically-based, digitally simulated hydrologic response model, J. Hydrol.,
9, 237-258, https://doi.org/10.1016/0022-1694(69)90020-1, 1969.

Gerten, D., Schaphoff, S., Haberlandt, U., Lucht, W., Sitch, S.: Terrestrial vegetation and water balance - hydrological
evaluation of a dynamic global vegetation model. Journal of Hydrology, 286(1-4), 249-270,
http://dx.doi.org/10.1016/j.jhydrol.2003.09.029, 2004.

Gerten, D., Schaphoff, S., and Lucht, W.: Potential future changes in water limitation of the terrestrial biosphere, Clim.
Change, 80, 277-299, https://doi.org/10.1007/s10584-006-9104-8, 2007.

Gosling, S. N.: Systematic quantification of climate change impacts modelling uncertainty, Impacts World 2013
International Conference on Climate Change Effects (Potsdam: PIK), 268-274,

https://gfzpublic.gfz-potsdam.de/rest/items/item_152514 5/component/file 152588/content, 2013.

Grillakis, M.G.: Increase in severe and extreme soil moisture droughts for Europe under climate change, Sci. Total Environ.,
660, 1245-1255, https://doi.org/10.1016/j.scitotenv.2019.01.001, 2019.

116


https://gfzpublic.gfz-potsdam.de/rest/items/item_152514_5/component/file_152588/content

Gosling, S. N, Zaherpour, J., Mount, N. J., Hattermann, F., Dankers, R., Arheimer, B., Breuer, L., Haddeland, I., Kumar, R.,
Kundu, D., Liu, J., van Griensven, A., Veldkamp, T., Vetter, T., Wang, X., and Zhang. X.: A comparison of changes in river
runoff from multiple global and catchmentscale hydrological models under global warming scenarios of 1°C, 2°C and 3°C.
Clim Chang., doi:10.1007/s10584-016-1773-3, 2017.

Hattermann, F. F, Krysanova, V., Gosling, S. N., Dankers, R., Daggupati, P., Donnelly, C., Flérke, M., Huang, Sh.,
Motovilov, Y., Buda, S., Yang, T., Miller, C., Leng, G., Tang, Q., Portmann, F. T., Hagemann, S., Gerten, D., Wada, Y.,
Masaki, Y., Alemayehu, T., Satoh, Y., and Samaniego, L.: Cross-scale intercomparison of climate change impacts simulated
by regional and global hydrlogical models in eleven large river basins. Clim Chang. doi.10.1007/s10584-016-1829-4, 2017.

Krysanova, V., Donnelly, C., Gelfan, A., Gerten, D., Arheimer, B., Hattermann, F., and Kundzewicz, Z. W.: How the
performance of hydrological models relates to credibility of projections under climate change, Hydro. Scie. J., 63:5, 696—
720, https://doi.org/10.1080/02626667.2018.1446214, 2018.

Manabe, S.: Climate and the ocean circulation: The atmospheric circulation and the hydrology of the earth’s surface, Mon.
Weather Rev., 97, 739-774, https://doi.org/10.1175/1520-0493(1969)097<0739: CATOC>2.3.CO;2, 1969.

Masaki, Y., Hanasaki, N., Biemans, H., Miller Schmied, H., Tang, Q., Wada, Y., Gosling, S. N., Takahashi, K. and Hijioka,
Y.: Intercomparison of global river discharge simulations focusing on dam operation—multiple models analysis in two case-
study river basins, Missouri—Mississippi and Green—Colorado, Environ. Res. Lett. 12, 1-17, https://doi.org/10.1088/1748-
9326/aa57a8, 2017.

Nijssen, B., Schnur, R., and Lettenmaier, D.P.: Global retrospective estimation of soil moisture using the variable infiltration
capacity land surface model, 1980-93, J. Clim., 14 (8), 1790-1808, https://doi.org/10.1175/1520-
0442(2001)014<1790:GREOSM>2.0.CO;2, 2001.

Prudhomme, Ch., Giuntoli, I., Robinson, E. L., Clark, D. B., Arnell, N. W., Dankers, R., Fekete, B. M., Franssen, W.,
Gerten, D., Gosling, S. N., Hagemann, S., Hannah, D. M., Kim, H., Masaki, Y., Satoh, Y., Stacke, T., Wada, Y., and Wisser,
D.: Hydrological droughts in the 21st century, hotspots and uncertainties from a global multimodel ensemble experiment,
PNAS, 111, 9, 3262-3267, d0i/10.1073/pnas.1222473110, 2014.

Reinecke, R., Muller Schmied, H., Trautmann, T., Andersen, L. S., Burek, P., Florke, M., Gosling, S. N., Grillakis, M.,
Hanasaki, N., Koutroulis, A., Pokhrel, Y., Thiery, W., Wada, Y., Yusuke, S., and D6ll, P.: Uncertainty of simulated
groundwater recharge at different global warming levels: a global-scale multi-model ensemble study, Hydrol. Earth Syst.
Sci., 25, 787-810, https://doi.org/10.5194/hess-25-787-2021, 2021.

Scanlon, B. R., Zhang, Z., Rateb, A., Sun, A., Wiese, D., Save, H., Beaudoing, H., Lo, M. H., Miiller-Schmied, H., Déll, P.,
van Beek, R., Swenson, S., Lawrence, D., Croteau, M., and Reedy, R. C.: Tracking seasonal fluctuations in land water
storage using global models and GRACE satellites. Geophysical Research Letters, 46, 5254-5264,
https://doi.org/10.1029/2018GL081836, 2019.

Schewe, J., Heinke, J., Gerten, D., Haddeland, 1., Arnell, N.W., Clark, D.B., Dankers, R., Eisner, S., Fekete, B., Colén-
Gonzélez, F.J., Gosling, S.,N., Kim, H., Liu, X., Masaki, Y, Portmann, F.T., Satoh, Y., Stacke, T., Tang, Q., Wada, Y.,
Wisser, D., Albrecht, T., Frieler, K., Piontek, F., Warszawski, L., Kabat, P.: Multi-model assessment of water scarcity under
climate change, Proceedings of the National Acadamy of Sciences 111, https://doi.org/10.1073/pnas.1222460110, 2014.

117


http://www.pnas.org/cgi/doi/10.1073/pnas.1222473110
https://doi.org/10.1073/pnas.1222460110

Schewe, J., Gosling, S. N., Reyer, Ch., Zhao, F., Ciais, Ph., Elliott, J., Francois, L., Huber, V., Lotze, H. K., Seneviratne, S.
., van Vliet, M. T. H., Vautard, R., Wada, Y., Breuer, L., Biichner, M., Carozza, D. A., Chang, J., Coll, M., Deryng, D., de
Wit, A., Eddy, T. D., Folberth, Ch., Frieler, K., Friend, A. D., Gerten, D., Gudmundsson, L., Hanasaki, N., Ito, A.,
Khabarov, N., Kim, H., Lawrence, P., Morfopoulos, C., Miller, Ch., Miiller Schmied, H., Orth, R., Ostberg, S., Pokhrel, Y.,
Pugh, T. A. M., Sakurai, G., Satoh, Y., Schmid, E., Stacke, T., Steenbeek, J., Steinkamp, J., Tang, Q., Tian, H., Tittensor, D.
P., Volkholz, J., Wang, X., and Warszawski L.: State-of-the-art global models underestimate impacts from climate extremes,
Nat. Comm., 10, 1-14, https://doi.org/10.1038/s41467-019-08745-6, 2019.

Sellers, P. J., Dickinson, R. E., Randall, D. A., Betts, A. K., Hall, F. G., Berry, J. A, Collatz, G. J., Denning, A. S., Mooney,
H. A., Nobre, C. A,, Sato, N., Field, C. B., and Henderson-Sellers, A.: Modeling the Exchanges of Energy, Water, and
Carbon Bewww.hydrol-earth-syst-sci.net/21/4169/2017/ Hydrol. Earth Syst. Sci., 21, 4169-4193, 20174190 Y. Wada et al.:
Human—water interface in hydrological modelling between Continents and the Atmosphere, Science, 275, 502-509,
https://doi.org/10.1126/science.275.5299.502, 1997.

Singh, A., Kumar, S., Akula, S., Lawrence, D. M., and Lombardozzi, D. L.: Plant Growth Nullifies the Effect of Increased
Water-Use Efficiency on Streamflow Under Elevated CO2 in the Southeastern United States, Geophysical Research Letters,
47, 4, 4-10, https://doi.org/10.1029/2019GL.086940, 2020.

Thornthwaite, C. W. and Mather, J. R.: Instructions and tables for computing potential evapotranspiration and the water
balance, Climatology, 10, 183-311, 1957.

Veldkamp, T. I. E., Zhao, F., Ward, P. J., de Moel, H., Aerts, J. C. J. H., Miiller Schmied, H., Portmann, F. T., Masaki, Y.,
Pokhrel, Y., Liu, X., Satoh, Y., Gerten, D., Gosling, S. N., Zaherpour, J., and Wada, Y.: Human impact parameterizations in
global hydrological models improve estimates of monthly discharges and hydrological extremes: a multi-model validation
study, Environ. Res. Lett., 13, 1-7, https://doi.org/10.1088/1748-9326/aab96f, 2018.

Vorosmarty, C.J., Moore, B., Gildea, M.P., Peterson, B., Melillo, J., Kicklighter, D., Raich, J., Rastetter, E., and Steudler, P.:
A continental-scale model of water balance and fluvial transport: Application to South America. Global Biogeochemical
Cycles 3: 241-65, https://doi.org/10.1029/GB003i003p00241, 1989.

Vorosmarty, C.J., Fekete, B., and Tucker, B.A.: River Discharge Database, Version 1.0 (RivDIS v1.0), Volumes 0 through 6.
A contribution to IHP-V Theme 1. Technical Documents in Hydrology Series. UNESCO, Paris,
https://www.rivdis.sr.unh.edu/, 1996.

Vordsmarty, C.J., Sharma, K., Fekete, B., Copeland, A.H., Holden, J., Marble, J., and Lough, J.A.: The storage and aging of
continental runoff in large reservoir systems of the world,Ambio 26, 210-19, 1997.

Wada, Y., Wisser, D., Eisner, S., Florke, M., Gerten, D., Haddeland,l., Hanasaki, N., Masaki, Y., Portmann, F. T., Stacke,
T., Tessler,Z., and Schewe, J.: Multimodel projections and uncertainties of irrigation water demand under climate change,
Geophys. Res.Lett., 40, 46264632, https://doi.org/10.1002/grl.50686, 2013.

Wartenburger, R., Seneviratne, S. 1., Hirschi, M., Chang, J., Ciais, P., Deryng, D., Elliott, J., Folberth, C., Gosling,S.N.,
Gudmundsson, L., Henrot, A.-J., Hickler, T., Ito, A., Khabarov, N., Kim, H., Leng, G., Liu, J., Liu, X., Masaki, Y.,
Morfopoulos, C., Miller, C., Mller Schmied, H., Nishina, K., Orth, R., Pokhrel, Y., Pugh, T.A.M., Satoh, Y., Schaphoff, S.,
Schmid, E., Sheffield, J., Stacke, T., Steinkamp, J., Tang, Q., Thiery, W., Wada, Y., Wang, X., Weedon, G. P., Yang, H.,
Zhou, T.: Evapotranspiration simulations in ISIMIP2a—Evaluation of spatio-temporal characteristics with a comprehensive
ensemble of independent datasets, Environmental Research Letters, 13, 075001, doi: 10.1088/1748-9326/aac4bb, 2018.

118


https://doi.org/10.1029/2019GL086940

Yates, D.N.: Approaches to continental scale runoff for integrated assessment models. J. Hydrol. 291, 289-310,

https://doi.org/10.1016/S0022-1694(97)00044-9, 1997.

Zaherpour, J., Gosling, S. N., Mount, N., Miller Schmied, H., Veldkamp, T. I. E., Dankers, R., Eisner, S., Gerten, D.,
Gudmundsson, L., Haddeland, 1., Hanasaki, N., Kim, H., Leng, G., Liu, J., Masaki, Y., Oki, T., Pokhrel, Y., Satoh, Y.,
Schewe, Ja., and Wada, Y.: Worldwide evaluation of mean and extreme runoff from six global-scale hydrological models
that account for human impacts, Environ. Res. Lett., 13, 1-18, 065015, https://doi.org/10.1088/1748-9326/aac547, 2018.

Zhao, F., Veldkamp, T. I., Frieler, K., Schewe, J., Ostberg, S., Willner, S., Schauberger, B., Gosling, S.N., Schmied, H.M.,
Portmann, F.T., Leng, G., Huang, M., Liu, X., Tang, Q., Hanasaki, N., Biemans, H., Gerten, D., Satoh, Y., Pokhrel, Y.,
Stacke, T., Ciais, P., Chang, J., Ducharne, A., Guimberteau, M., Wada, Y., Kim, H., and Yamazaki, D.: The critical role of
the routing scheme in simulating peak river discharge in global hydrological models. Environ. Res. Lett., 12, 075003,
https://doi.org/10.1088/1748-9326/aa7250, 2017.

Definitions used by 16 global water models

Table S84. Glossary with variables used in the study

Symbol  Dimension  Variable: with synonyms  Definition
(L=
length; T =
time)
A L3L2T!t water abstraction: water ~ amount of water extracted, from surface water or groundwater, by
withdrawal humans for various economic sectors. It represents the sum of the
water consumed by humans (water consumption), evaporative and
percorative loss, and water returned to the groundwater or surface
water, being the part of the water not consumed.
Apot L3271 potential water amount of water extracted by humans considering unlimited water
abstraction: potential supply.
water withdrawal
Aget LdL2Tt actual water abstraction:  amount of water extracted by humans considering water
actual water withdrawal  availability.
Acons  L3L2TH water consumption: part of water extracted that evapotranspirates during use of purpose.
water use
Agom  L3L2TH domestic water amount of water extracted by humans for households and small
abstraction: domestic businesses.
water withdrawal
Agle 32Tt electricity water amount of water extracted by humans to cool thermal and nuclear
abstraction: electricity power plants, which are using the heat, obtain by burning of fossil
water withdrawal fuels, gas, biomass or through nuclear energy, to produce
electricity.
Aipr L3L2Tt irrigation water amount of water extracted by humans for use in agricultural
abstraction: irrigation irrigation.
water withdrawal
Aing L3L2Tt industrial water amount of water extracted by humans for use in industrial sector, in

abstraction: industrial
water withdrawal

some models this sector includes manufacturing and electricity
sectors.
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L3 L-2 T-l

L3 L-2 T-l

L3 L-2 T-l

L3 L-Z T-l

L3 L-2 T-l

L3 L-Z T-l

L3 L-2 T-l

L3 L-2 T-l

L3 L-2 T-l
L3 L-2 T-l

L3 L-2 T-l

L3 L-2 T-l
L3 L-2 T-l
L3 L-2 T-l
LS L-2 T-l
LS L-2 T-l
LS L-2 T-l

L3 L-2 T-l

L3 L-2 T-l

livestock water
abstraction: livestock
water withdrawal
manufacturing water
abstraction:
manufacturing water
withdrawal

return flow from water
abstraction: return flow
from water withdrawal
seawater abstraction:
seawater withdrawal

evaporation from soil:
evaporation from bare
soil

canopy evaporation:
evaporation of the water
intercepted by canopy,
interception loss
evaporation from lake

evaporation from
reservoir

evaporation from river

sublimation: evaporation
from snow

actual
evapotranspiration: total
evapotranspiration
potential
evapotranspiration
evaporation from
wetland

snowmelt

dew

drip

rainfall

snowfall

stemflow

amount of water extracted by humans for livestock production.

amount of water extracted by humans in factories, for producing
goods.

part of water extracted by humans that returns into the soil,
groundwater, lake, reservoir, river and ocean.

seawater or saline and brackish water extracted by humans to be
used for various economic sectors, for example, for domestic and
manufacturing sectors or for electricity production.

amount of water that changes from liquid to vapor from the bare
soil (not through vegetation).

amount of water accumulated on the vegetation that changes from
liquid to vapor.

water that changes from liquid to vapor from a lake.

water that changes from liquid to vapor from a reservoir.

water that changes from liquid to vapor from a river.
water that changes from solid (snow and ice) to vapor.

total amount of water from transpiration, evaporation, interception
losses, and sublimation, considering water availability.

total amount of water from transpiration, evaporation, interception
losses, and sublimation, considering unlimited water source.
water which changes from liquid to vapor above a wetland.

water that changes from solid to liquid.

atmospheric water condensing directly on the land surface

water spill from canopy to the ground when the water exceeds the
canopy interception capacity (through dripping).

liquid precipitation that falls in a given area and in a given time,
provided as climate input data in ISIMIP2.

solid precipitation, combined in small ice crystals, that falls in a
given area and in a given time, provided as climate input data in
ISIMIP2.

water spill to the ground through canopy, which flows along twigs,
branches and stems.

120



Qiu

Qib

Qla
Qre

Qwe
RCI‘

Rgw

R gwr

L3 L-2 T-l

L3 L-2 T-l

L3 T-l

L3 T-l

L3 T-l
L3 T-l

L3 T-l

L3 T-l
L3 L-Z T-l

L3 L-Z T-l

L3 L-2 T-l

L3 L-2 T-l

L3 L-2 T-l

L3 L-2 T-l

L3 L-2 T-l

L3 L-2 T-l

LS L-2 T-l

L3 L-2 T-l

throughfall

total precipitation:
precipitation

inflow from upstream
surface water bodies

inter-basin water
transfer: trans-basin
diversion

outflow from lake
outflow from reservoir

streamflow: outflow,
flow, river discharge

outflow from wetland
capillary rise

channel transmission
losses

groundwater runoff

groundwater recharge

Hortonian overland flow:

infiltration excess
overland flow, flooding
excess overland flow,
unsaturated overland
flow

infiltration

interflow: subsurface
storm flow, subsurface
runoff

percolation

saturation excess
overland flow: saturation
overland flow, saturation
excess runoff, Dunne
runoff

surface runoff: overland
flow, fast runoff, flood

water spill to the ground through canopy spaces.

liquid or solid water resulting from the condensation or freezing of
water vapor and falling to the ground under gravity.

water from upstream, which can be a river, a lake, a wetland, a
reservoir.

anthropogenic transport of water from one river basin, where it is
available, to another basin where water is less available or could be
utilized for other purposes. This could be an output at a location and
input to another.

water that flows out of a lake to a river, wetland or reservoir.

water that flows out of a reservoir, a lake which is made by humans,
to ariver.

volumetric flow rate of water through a river cross-section. The
streamflow is transfer through a channel to the ocean or to an inland
sink.

water that flows out of a wetland to a river.

water rising from roundwater to soil under the influence of capillary
forces.

water from river storage which recharges the groundwater storage.

water that leaves the groundwater storage to a river, lake or
wetland.

water leaving the last soil layer(s) and reaching the groundwater
storage. In some models, this variable describes seepage.

water that runs off over the soil surface because the rainfall
intensity exceeds the infiltration capacity.

water from rainfall or throughfall or snowmelt or irrigation which
flows through the soil surface into the root zone, under the effect of
gravity.

water that runs-off laterally from the soil.

amount of water that penetrates in the soil layers, beyond the root
zone of plants
water that runs off over the soil surface because the soil is saturated.

water that runs-off over the soil surface as Hortonian overland flow
and / or saturation excess overland flow.
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Sew

Sla

T

L3 L-2 T-l

L3L2

L3L2

L3 L-Z

L3L2

L3L2

L3L2

L3L2

L3L2

L3L2
L3L2

L3L2

L3L2

LS L-2 T-l

runoff, surface flow,
surface or direct runoff

total runoff

canopy storage

glacier storage

groundwater storage

lake storage

soil storage

reservoir storage

river storage

snow storage

snow held on the canopy
snow under the canopy

surface water bodies:
surface water

wetland storage

transpiration

total amount of water that runs-off the grid-cell, either over the soil
surface, or from the subsurface (lateral flow). In some studies, the
streamflow is converted to runoff by dividing the streamflow values
with the area upstream of the gauging station (for example, the area
upstream of station according to the DDM30° river network Dol
and Lehner, 2002).

compartment that retains water from precipitation and loses water
through throughfall, stemflow and interception loss (evaporation).
compartment which retains water from rainfall, snowfall, and loses
water through sublimation, glacier melt, runoff from liquid
precipitation.

compartment, beneath the soil water compartment, that receives
water from seepage, groundwater recharge, and loses water through
capillary rise, groundwater runoff, and abstraction for human water
use. Hydrologically, it includes saturated zone or phreatic zone.
compartment that fills with water through fluxes above and beyond
the ground and stores water for a residence time. It loses water
through discharge to other storages, evaporation, groundwater
recharge, and water abstraction for human water use.

compartment that keeps and loses water from flows above and
beyond the ground’s surface. Hydrologically, it includes
unsaturated zone.

compartment that fills with water behind dams through fluxes
above and beyond the ground and stores water for a residence time.
It loses water through discharge to other storages, evaporation,
groundwater recharge, and water abstraction for human water use.
compartment filled with water through fluxes above and beyond the
ground. It loses water through river discharge, evaporation, channel
transmission losses and water abstraction for human water use.
compartment that accumulates snow below freezing temperature
and loses snow by melting and sublimation.

snow compartment that accumulates snow on the vegetation.

amount of snow accumulated under the canopy or on the soil

surface water bodies can include river, lake, wetland, and reservoir.

compartment, as a transition area between the terrestrial and aquatic
systems, filled by precipitation or inflow and emptied by
evapo(transpi)ration, outflow and groundwater recharge.

water evaporated by plants through their stomata.

Note: In the ISIMIP2b, the word “prescribed” has two meanings: (i) data which are simulated by other models and provided
by the ISIMIP2b framework as input (https://www.isimip.org/gettingstarted/details/38/); (ii) data obtained from satellite

observations, other datasets, or maps. Prescribed data highlight some limitations of the models or underline the lack of some
processes that were intentionally or non-intentional removed from the model structure, according to the purpose of the model
development or other priorities such as time.
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Examples of how different model equations can be between GWMs
Different equations used by GWMs led to different model results, for example, different evapotranspiration methods led to

significant differences in runoff estimation (Gosling and Arnell, 2011b; Kingston et al., 2009). The equations include
parameters that are used to calibrate GWMs. The application of different parameter values can lead to different results between
models (as can the employment of different model structures). As examples, we present how global water models simulate the
groundwater recharge and the maximum value of canopy storage differently.

Groundwater recharge (Table S30) is computed by 14 models. JULES-W1 and LPJmL do not include in their structure
groundwater storage and seepage (the water that seeps from the last soil layer), which was reported as groundwater recharge
and groundwater runoff for ISIMIP2b. CLMA4.5 and CLM5.0 use the same approach to compute groundwater recharge, by
using the concept of soil matrix potential and considering the hydraulic conductivity of the layer containing the water table.
CWatM and PCR-GLOBWRB use the same approach by reducing percolation with capillary rise, but CWatM also considers
preferential flow as inflow. DBH estimates it depending on potential soil water content multiplied by the soil depth layer and
maximized by soil hydraulic conductivity. Three models (H08, WaterGAP2, and WAYYS) consider it as being the minimum
value between maximum groundwater recharge and total runoff from land, weighted by a relief-related factor, a soil texture-
related factor, a hydrogeology-related factor, and a permafrost- and/or glacier-related factor (D6l and Fiedler, 2008). Further,
WaterGAP2 sets (semi-)arid grid cells, sandy texture, and grid cells with throughfall equal or below 12.5 (mm day ') to 0.
MATSIRO estimated groundwater recharge as being the variation of unfrozen soil moisture over time. MPI-HM equals
groundwater recharge to percolation. ORCHIDEE estimates it depending on relative soil water content, but it is capped down
to 0 and maximized by groundwater runoff.

Maximum value of canopy storage (Table S7). Another example is that the models estimate differently the maximum value
of canopy storage and leaf area index (LAI) values. WaterGAP2 and WAYS estimate the maximum value of canopy storage
by multiplying 0.3 mm with LAI. Further, WAY'S estimates seasonal LAI depending on the growing-season index, day length,
and the actual root zone water storage. The root zone soil moisture stress parameter is fixed at 0.07, while WaterGAP2
estimates LAI based on a simple growth model and based on land cover characteristics (Table S7). VIC multiplies 0.2 mm by
the monthly LAI. Additional, VIC takes into account aerodynamic and architectural resistances. CWatM equals maximum
value of canopy storage with LAI that varies every 10 days depending on land use classes.

References:

Gosling, S. N., Taylor, R. G., Arnell, N. W., and Todd, M. C.: A comparative analysis of projected impacts of climate change
on river runoff from global and catchment-scale hydrological models, Hydrol. Earth Syst. Sci., 15, 279-294,
https://doi.org/10.5194/hess-15-279-2011, 2011

Kingston, D. G., M. C.Todd, R. G. Taylor, J. R. Thompson, and N. W. Arnell: Uncertainty in the estimation of potential

evapotranspirationunder climate change, Geophys. Res. Lett., 36, L20403, https://doi.org/10.1029/2009GL040267, 2009.
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Table S85. Downscaled and bias-adjusted output from CMIP5 Global Climate Models (GCMs) used by the ISIMIP2b Impact
Models! with a spatial resolution of 0.5°x 0.5° and a daily temporal resolution

GCM output used? Models

IPSL-CM5A-LR CLM4.5, CLM5.0, CwWatM, DBH, HO08, JULES-W1, LPJmL, MATSIRO, mHM, MPI-HM, ORCHIDEE, PCR-
GLOBWB, WaterGAP2, WAY'S

HadGEMZ2-ES CLM4.5, CLM5.0, CWatM, HO8, JULES-W1, LPJmL, MATSIRO, mHM, ORCHIDEE, PCR-GLOBWB, WaterGAP2,
WAYS

GFDL-ESM2M CLM4.5, CLM5.0, CWatM, HO08, JULES-W1, LPJmL, MATSIRO, mHM, MPI-HM, ORCHIDEE, ORCHIDEE-
DGVM, PCR-GLOBWB, WaterGAP2, WAYS

MIROC5 CLM4.5, CLM5.0, CWatM, HO08, JULES-W1, LPJmL, MATSIRO, mHM, MPI-HM, ORCHIDEE, PCR-GLOBWB,

WaterGAP2, WAY'S

Notes:

1. Source data: https://www.isimip.org/gettingstarted/availability-input-data-isimip2b/, 2. EartH2Observe, WFDEI and ERA-Interim data Merged and Bias-
corrected for ISIMIP (EWEMBI), http://dataservices.gfz-potsdam.de/pik/showshort.php?id=escidoc:1809891. Data source of the bias-corrected atmospheric
data is ISIMIP project.

2. Data source of the original data: CMIP5 (Coupled Model Intercomparison Project Phase 5)

Reference: Lange, S. (2016): EartH2Observe, WFDEI and ERA-Interim data Merged and Bias-corrected for ISIMIP (EWEMBI). GFZ Data Services.
http://doi.org/10.5880/pik.2016.004
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Table S86. Climate variables used as input for the ISIMIP2b Impact Models! with a spatial resolution of 0.5°x 0.5° and a time span
between 1661 — 2299

Variable name Symbol (unit) Temporal Models
resolution
snowfall prsn (kg m2s?) 3 hourly MATSIRO
daily HO8
total precipitation pr (kg m2s?) daily CLM4.5, CLM5.0, DBH, JULES-W1, HO08, LPJmL, Mac-
PDM.20, mHM, MPI-HM, ORCHIDEE, PCR-GLOBWB,
WaterGAP2
near surface wind speed sfcwind (m s?) daily CLM4.5, CWatM,DBH, H08, JULES-W1, Mac-PDM.20,
ORCHIDEE
eastward wind ua(ms?) daily CLM5.0, ORCHIDEE
westward wind va (ms?) daily CLM5.0, ORCHIDEE
surface air pressure ps (Pa) daily CLM5.0, CWatM, DBH, H08, JULES-W1, ORCHIDEE
3 hourly MATSIRO, ORCHIDEE
near surface specific humidity huss (kg kg?) daily CLM4.5, CWatM, H08, JULES-W1, H08
relative humidity rhs (%) daily CLM5.0, CWatM, DBH, JULES-W1, Mac-PDM.20
3 hourly MATSIRO
mean temperature tas (K) daily DBH, CWatM,JULES-W1, H08, LPJmL, Mac-PDM.20,

mHM, MPI-HM, PCR-GLOBWB, WaterGAP2, CLM4.5,
CLM5.0, JULES-W1, PCR-GLOBWSB,

3 hourly MATSIRO
maximum temperature tasmax (K) daily DBH, CWatM, JULES-W1, mHM, ORCHIDEE , PCR-
GLOBWB
minimum temperature tasmin (K) daily DBH, CWatM, JULES-W1, mHM, ORCHIDEE, PCR-
GLOBWB
shortwave downwelling rsds (W m) daily CLM4.5, CLM5.0, CWatM, DBH, JULES-W1, HO8,
radiation LPJmL?, Mac-PDM.20, ORCHIDEE, WaterGAP2
3 hourly MATSIRO
longwave downwelling radiation  rlds (W m) daily CLM4.5, CLM5.0, CWatM, DBH, JULES-W1, H08, Mac-
PDM.20, ORCHIDEE, WaterGAP2
3 hourly MATSIRO

Note:

1: Data source of the bias-corrected atmospheric data: ISIMIP project and Lange, 2016; Data source of the original data: CMIP5 (Coupled Model
Intercomparison Project Phase 5)

2: LPJmL: Long wave net radiation derived from longwave downwelling radiation and mean temperature.

3: Climate forcings are used by climate community to point out the natural and human-made factors that affect the Earth’s climate (IPCC, 2012). Natural
factors include the Sun’s energy, regular changes in the Earth’s orbital cycle, and large volcanic eruptions, while human-made factors are greenhouse gas
emissions and land use changes. The global hydrological community and vegetation community consider climate forcings as climate input data or climate
variables for their models.

Reference: Lange, S. (2016): EartH2Observe, WFDEI and ERA-Interim data Merged and Bias-corrected for ISIMIP (EWEMBI). GFZ Data Services.
http://doi.org/10.5880/pik.2016.004
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Table S87. CO2 concentrations and Land use datasets

Dataset Variable name / short ~ Symbol Data source Time Span  Spatial Temporal Models
description Resolutio  Resolution
n
Atmospheric COz2concentrations/  CO2 1661 — 0.5°x0.5°  annual CLM4.5, CLM5.0,
CO2 Values are constant 2299 DBH, JULES-W1.
concentrations  for 1661 — 1860, LPJmL,
following ORCHIDEE,
observations from PCR-GLOBWB
1861 —2005, and constant HO8
correspond to RCP
2.6 and 6.0 from
2006 — 2299
MIRCA2000 irrigated and rainfed LU Portmann et 1998 — 0.5°x0.5° monthly HO08, ORCHIDEE,
crop areas / around al., 2000 2002 / MPI-HM
the year 2000 5x5¢
Historical, Land use /5 Rainfed  LUH HYDE 3.2, 10 000 0.5°x0.5° 2000 - 2015 CLM4.5, CLM5.0,
gridded land crop land, irrigated Klein BCE - CE: annual CWatM,
use crop land, pastures Goldewijk, 2015 CE 1700 - 2000 HO8LPJmL,
and total crop land 2017 CE:10years ~ MHM, MPI-HM,
(the sum of rainfed ORCHIDEE,
and irrigated) PCR-GLOBWB
Future land- Land use and land LULC MAgPIE 2006 — 0.5°x0.5°  annual JULES-W1, MPI-
use patterns cover / 6 land-use land-use 2100 HM
types: rain-fed crop model
land, irrigated crop- according to
land, rain-fed the SSP2
bioenergy, irrigated shared-socio-
bio-energy, pastures, economic
natural vegetation pathway and
and urban areas RCP 2.6/
RCP 6.0.
Note: 1. https://www.isimip.org/gettingstarted/details/30/
Reference:

1. Klein Goldewijk, Dr. ir. C.G.M. (Utrecht University) (2017): Anthropogenic land-use estimates for the Holocene; HYDE 3.2.
DANS. https://doi.org/10.17026/dans-25g-gez3

2. Portmann, F. T., Siebert, S. & Déll, P. (2010): MIRCA2000 — Global monthly irrigated and rainfed crop areas around the year
2000: A new high-resolution data set for agricultural and hydrological modeling, Global Biogeochemical Cycles, 24, GB 1011,
doi:10.1029/2008GB003435.
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Table S88. Other input date sets used by the ISIMIP2b Impact models

Dataset Data source Spatial Resolution Temporal Models
resolution
/ details /
Time span
soil type! ISIMIP2b 0.5°x05° static CLM4.5, CLM5.0, DBH, JULES-W1, LPJmL,
MPI-HM, ORCHIDEE, PCR-GLOBWB,
WaterGAP2*
plant functional types (PFT) Samanta et. al., 0.5°x05° static JULES-W1
parameters 2014
topographical information Hagemann and 1kmx1lkm static MPI-HM
(subgrid slope distribution) Gates, 2003
River-routing network DDM30? (Déll and ~ 30°x30° (0.5°x05°) static CLM4.5, CLM5.0, CWatM, HO8, LPJmL, MPI-
Lehner, 2002) HM, PCR-GLOBWBS®, WaterGAP2
TRIP model MATSIRO
Simulated ORCHIDEE
Topological
Network (STN-
30p) (Vordsmarty
et al., 2000) mHM
HydroSHEDS"ener
etal., 2006
crop parameters 0.5°x05° static HO08
Albedo 2012 0.5°x05° static HO08, CWatM®,
Land-sea mask ISIMIP2b 0.5°x05° static CLM5.0, DBH, CWatM, Mac-PDM.20, mHM,
MPI-HM, ORCHIDEE, PCR-GLOBWSB,
WaterGAP2
GRanD Lehneretal,, 2011 6862 dams and their associated  static CWatM?, H08, LPJmL, MATSIRO, PCR-
reservoirs, total storage GLOBWB, WaterGAP28
capacity of 6197 km?
Water abstraction for domestic ISIMIP2b®, multi-  0.5°x05° available LPImL
and industrial uses consistent model averages of until
with SSP2 and RCP 6.0 g 2050, the
PCR, WaterGAP, values are
kept static
Ho8 from 2050
onwards
Global Lakes and Wetlands Lehner and Déll, 1:1 to 1:3 million resolution static MPI-HM, PCR-GLOBWB, WaterGAP2
Database (GLWD) 2004; Lehner et
al., 2011
Regarding soil data — we use the ~ Hengl et al., 2017 0.002°x0.002° static mHM

SoilGrids250 from ISRIC:

Note: 1. HO8 does not require soil type. In addition to estimate subgrid slope distribution, information about permafrost, slope, geology etc. are required
(see Hanasaki et al., 2018). 2. DDM30 = the 30 global drainage direction map (Ddll and Lehner, 2002). 3. For modelling groups that do not have their own
representation, ISIMIP2b provides files containing the multi-model mean from WaterGAP2, PCR-GLOBWB and H08 scenarios for domestic and industrial
uses under SSP2 from the Water Futures and Solutions Project (WFaS; Wada et al., 2016). 4. Soil data from WISE Available Water Capacity (Batjes,
2012). 5. PCR-GLOBWB combines DDM30 with GLWD. 6. Muller et al., 2012. 7. CWatm: HydroLakes database (Messager et al., 2016; Lehner et al.,
2011) 8. WaterGAP2 uses a pre-published and adjusted version of GRanD, see
https://www.arcgis.com/home/item.htmI?id=d966db9c7b2949ac8380458d7020adf9.

References:

Batjes, N. H. (2012): ISRIC-WISE derived soil properties on 5 by 5 arc-minutes global grid (ver. 1.2). ISRIC World Soil Information, ISRIC Report 2012 /
01. https://www.isric.org/sites/default/files/isric_report 2012 01.pdf
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Florke, M., Kynast, E., Barlund, 1., Eisner, S., Wimmer, F., Alcamo, J. (2013): Domestic and industrial water uses of the past 60 years as a mirror of socio-
economic development: A global simulation study. Global Environ. Change, 23, 144-156. doi:10.1016/j.gloenvcha.2012.10.018.

Hagemann, S., Gates, L. D. (2003): Improving a subgrid runoff parameterization scheme for climate models by the use of high resolution data derived from
satellite observations. Climate Dynamics, Volume 21, Issue 3-4, 349-359.

Hanasaki, N., Yoshikawa, S., Pokhrel, Y., Kanae, S. (2018): A global hydrological simulation to specify the sources of water used by humans. Hydrol.
Earth Syst. Sci., 22, 789-817, https://doi.org/10.5194/hess-22-789-2018.

Hengl, T., de Jesus, J.M., Heuvelink, G.B., Gonzalez, M.R., Kilibarda, M., Blagoti¢, A., Shangguan, W., Wright, M.N., Geng, X., Bauer-Marschallinger, B.
and Guevara, M.A., 2017. SoilGrids250m: Global gridded soil information based on machine learning. PLoS one, 12(2).

Lehner, B. and Déll, P. (2004): Development and validation of a global database of lakes, reservoirs and wetlands. Journal of Hydrology 296, 1-4: 1-22
Lehner, B., Verdin, K., and Jarvis, A.: HydroSHEDS Technical Documentation, World Wildlife Fund US, Washington, DC., 26,
http://hydrosheds.cr.usgs.gov., 2006.

Lehner, B., Reidy Liermann, C. Revenga, C., Vorosmarty, C., Fekete, B., Crouzet, P., Déll, P., Endejan, M., Frenken, K., Magome, J., Nilsson, C.,
Robertson, J.C., Rodel, R., Sindorf, N., Wisser, D. (2011): High-Resolution Mapping of the World's Reservoirs and Dams for Sustainable River-Flow
Management. Frontiers in Ecology and the Environment 9 (9), 494-502. http://dx.doi.org/10.1890/100125.

Samanta, A., Ganguly, S., Schull, M. A., Shabanov, N. V., Knyazikhin, Y., and Myneni, R. B.: Collection 5 MODIS LAI/FPAR Products, Presented at
AGU Fall Meeting, San Francisco, USA, 15-19 December, 2008, 2012.

Vorosmarty, C. J., Fekete, B. M., Meybeck, M., and Lammers, R. B.: Global system of rivers: Its role in organizing continental land mass and defining
land-To-Ocean linkages, Global Biogeochem. Cy., 14, 599-621, https://doi.org/10.1029/1999GB900092, 2000.
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approach, 7, 13603, 10.1038/ncomms13603, 2016

Muller, P. J., Lewis, P., Fischer, J., North, P., and Framer, U.: The ESA GlobAlbedo Project for mapping the Earth's land 1105 surface albedo for 15 Years
from European Sensors., paper presented at IEEE Geoscience and Remote Sensing Symposium (IGARSS) IEEE Geoscience and Remote Sensing
Symposium (IGARSS) 2012, Munich, Germany, 22-27.7.12., 2012

Wada, Y., Florke, M., Hanasaki, N., Eisner, S., Fischer, G., Tramberend, S., Satoh, Y., van Vliet, M. T. H., Yillia, P., Ringler, C., Burek, P., and Wiberg, D.
(2016): Modeling global water use for the 21st century: the Water Futures and Solutions (WFaS) initiative and its approaches. Geosci. Model Dev., 9, 175-
222, https://doi.org/10.5194/gmd-9-175-2016.
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Table S89. Natural Vegetation datasets used by the ISIMIP2b impact models

Dataset Data source Time Span Spatial Resolution Models

Land Surface Parameter set 2 Hagemann, 2002 2001 0.5°x0.5° LPJmL, MPI-HM
(LSP2)

MODIS NASA 0.5°x0.5° CLM5.0, WaterGAP2!
Global Land Cover for Simple  FAO April 1992 — March 1kmx1lkm DBH

Biosphere 2 Model 1993

Global Land Cover Map European Space 2009 0.5°x0.5° Mac-PDM.20, mHM,
(GlobCover) Agency GlobCover PCR-GLOBWB

Portal (ESA)*

Note: 1. WaterGAP2 uses The International Geosphere—Biosphere Programme (IGBP) classification based on MODIS data for the year 2004.

References:

Hagemann, S (2002). An Improved Land Surface Parameter Dataset for Global and Regional Climate Models. Max-Planck-Institut fiir Meteorologie. MPI

Report 336, ISSN 0937-1060.
https://modis.gsfc.nasa.gov/data/

http://www.fao.org/land-water/land/land-governance/land-resources-planning-toolbox/category/details/en/c/1036354/

http://due.esrin.esa.int/page_globcover.php
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Table S90. Socio-economic datasets with a spatial resolution of 0.5°x0.5° and 5°x5¢ and an annual temporal resolution

Dataset name Variable name / details Symbol (unit) Data source Time Span Models
Historical, country-level population pop (number Hyde 3.2 1861 — 2009 PCR-GLOBWB
population people) (Klein WaterGAP2
Goldewijk et
al., 2010;
Klein
Goldewijk,
2011)
Historical, gridded population pop (number Hyde 3.2 1861 — 2005 PCR-GLOBWB
population people) (Klein WaterGAP2
Goldewijk et
al., 2010;
Klein
Goldewijk,
2011)
Future, country-level country-level population,  pop (number IIASA 2006 — 2099 PCR-GLOBWB
population urban population and age  people) (population & WaterGAP2
structure (in five-year age structure)
age bands) / based on and NCAR
SSP2 (urbanshare)
Future, gridded population  population / based on pop (number Samir and 2006 — 2099 PCR-GLOBWB
SSP2 people) Lutz, 20143 WaterGAP2
population / based on all Jones and 2006 — 2100
SSPs O’Neill ,2016
Historical, country-level Gross Domestic Product ~ GDP (per capita Geiger and 1861 — 2005 PCR-GLOBWB
Gross Domestic Product and PPP $) Frieler, 2018 WaterGAP2
(GDP)!
Future, gridded Gross Gross Domestic Product ~ GDP (per capita Murakamiaan  2006-2099 PCR-GLOBWB
Domestic Product (GDP)? and PPP $) and WaterGAP2
Yamagata,
2016
Future, country-level Gross Domestic Product ~ GDP (per capita Geiger and 2006-2100 PCR-GLOBWB
Gross Domestic Product and PPP $) Frieler, 2017, WaterGAP2
(GDP) Geiger and
Frieler, 2018

Note: 1. National income (GDP / capita) and GDP time series (2005 PPP $, purchasing power parities (PPP) conversion factor, local currency unit to
international dollar) from 1850-2009 from Penn World Tables 8.1 extrapolated with per capita growth rates from the Maddison project, and extended by

Penn World Tables 9.0 and World Development Indicators. Interpolated between 2006-2009 to match with OECD SSP2 projections starting in 2010. 2. All
dataset: 1980 — 2100, by 10 years. The data in 1980-2010 are estimated by downscaling actual populations and GDPs by country, while those in 2020-2100
are estimated by downscaling projected populations and GDPs under three shared socioeconomic pathways (SSP): SSP1; SSP2; and SSP3, by country. 3.
https://www.isimip.org/gettingstarted/details/32/

References:

1. Geiger, T., Frieler, K. (2017): Continuous national Gross Domestic Product (GDP) time series for 195 countries: past observations (1850-2005)
harmonized with future projections according the Shared Socio-economic Pathways (2006-2100). GFZ Data Services. http://doi.org/10.5880/pik.2017.003
2. Geiger, T., Frieler, K. (2018): Continuous national Gross Domestic Product (GDP) time series for 195 countries: past observations (1850-2005)
harmonized with future projections according the Shared Socio-economic Pathways (2006-2100) (Version 2.0) [Data set]. GFZ Data Services.
https://doi.org/10.5880/pik.2018.010
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Research Letters, 11(8), 084003. http://doi.org/10.1088/1748-9326/11/8/084003

4. Klein Goldewijk, K., Beusen, A., Janssen, P. (2010): Long-term dynamic modeling of global population and built-up area in a spatially explicit way:
HYDE 3.1. Holocene, 20(4), pp. 565-573, doi: http://dx.doi.org/10.1177/0959683609356587.

5. Klein Goldewijk, K., Beusen, A., Van Drecht, G., De Vos, M. (2011): The HYDE 3.1 spatially explicit database of human-induced global land-use
change over the past 12,000 years. Global Ecology and Biogeography, 20(1), pp. 73-86, doi: http://dx.doi.org/10.1111/j.1466-8238.2010.00587.x.

6. Murakami, D., Yamagata, Y. (2016): Estimation of gridded population and GDP scenarios with spatially explicit statistical downscaling. ArXiv,
1610.09041, URL: https://arxiv.org/abs/1610.09041.
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Table S91. Hydrological output data of the ISMIP2b global water models1 with a spatial resolution of 0.5°x 0.5°

Hydrological variable

ISIMIP2b protocol Symbol
(Units) / Temporal resolution

Models

Runoff
Surface runoff

Subsurface runoff

Groundwater recharge
Groundwater runoff
Discharge (gridded)
Monthly maximum of daily
discharge

Monthly minimum of daily
discharge
Evapotranspiration

Potential Evapotranspiration
Soil moisture

Soil moisture, root zone
Frozen soil moisture for each
layer

Temperature of Soil

Snow depth

Snow water equivalent
Total water storage

Canopy water storage

Glacier storage
Groundwater storage

Lake storage

Wetland storage

Reservoir storage

Annual maximum daily thaw
depth

River storage

Rainfall
Snowfall

Leaf Area Index

qgtot (kg m2s?) / daily
gs (kg m2s) / monthly

gsb (kg m?s1) / monthly

qgr (kg m?s?) / monthly

qg (kg m2s) / monthly

dis (m® s-)

maxdis (m® s-*) / monthly
mindis (m® s-!) / monthly
evap (kg m?s?) / monthly
potevap (kg m?s?) / monthly
soilmoist (kg m2) / monthly
rootmoist (kg m?2) / monthly
soilmoistfroz (kg m?2) / monthly
tsl (K)

snd (m) / monthly

swe (kg m?) / monthly

tws (kg m?) / monthly
canopystor / monthly

glacierstor / monthly
groundwstor / monthly

lakestor / monthly
wetlandstor / monthly
reservoirstor / monthly
thawdepth (m) / monthly
riverstor / monthly

rainf (kg m?st) / monthly
snowf (kg m2 s) / monthly

lai (-) / monthly

CLM4.5, CLM5.0, CWatM, DBH, H08, JULES-W1, LPJmL, Mac-PDM.20, MATSIRO,
mHM, MPI-HM, ORCHIDEE, PCR-GLOBWB, WaterGAP2, WAYS

CLM4.5, CLM5.0, CWatM, DBH, H08, JULES-W1, LPJmL, Mac-PDM.20, MATSIRO,
MPI-HM, ORCHIDEE, PCR-GLOBWB, WaterGAP2. WAYS

CLM4.5, CLM5.0, CwatM, DBH, H08, JULES-W1, LPJmL, Mac-PDM.20, MATSIRO,
mHM, MPI-HM, ORCHIDEE, ORCHIDEE-DGVM, PCR-GLOBWB, WaterGAP2,
WAYS

CLM4.5, CLM5.0, CwatM, DBH, H08, JULES-W1, LPJmL, MATSIRO, mHM, MPI-
HM, ORCHIDEE, PCR-GLOBWB, WaterGAP2, WAYS

CLM4.5, CLM5.0, CWatM, DBH, H08, JULES-W1, LPJmL, MATSIRO, mHM, MPI-
HM, ORCHIDEE, PCR-GLOBWB, WaterGAP2, WAY'S

CLM4.5, CLM5.0, CWatM, DBH, HO8, LPJmL, MATSIRO, mHM, MPI-HM,
ORCHIDEE, PCR-GLOBWB, WaterGAP2

CLM4.5, CLM5.0, CWatM, DBH, H08, JULES-W1, LPJmL, MATSIRO, mHM, MPI-
HM, ORCHIDEE, PCR-GLOBWB, WaterGAP2

CLM4.5, CLM5.0, CWatM, DBH, H08, JULES-W1, LPJmL, MATSIRO, mHM, MPI-
HM, ORCHIDEE, PCR-GLOBWB, WaterGAP2

CLM4.5, CLM5.0, CWatM, DBH, H08, JULES-W1, LPJmL, Mac-PDM.20, MATSIRO,
mHM, MPI-HM, ORCHIDEE, PCR-GLOBWB, WaterGAP2, WAYS

CLM4.5, CLM5.0, CWatM, DBH, H08, JULES-W1, LPJmL, Mac-PDM.20, MATSIRO,
mHM, MPI-HM, ORCHIDEE, PCR-GLOBWB, WaterGAP2, WAYS

CLM4.5, CLM5.0, CWatM, DBH, H08, JULES-W1, LPJmL, Mac-PDM.20, MATSIRO,
mHM, MPI-HM, ORCHIDEE, PCR-GLOBWB, WaterGAP2

CLM4.5, CLM5.0, CWatM, DBH, H08, JULES-W1, LPJmL, Mac-PDM.20, MATSIRO,
mHM, MPI-HM, ORCHIDEE, PCR-GLOBWB, WaterGAP2, WAYS

CLM4.5, CLM5.0, CWatM, DBH, H08, JULES-W1, LPJmL, MATSIRO, ORCHIDEE,
PCR-GLOBWB, WaterGAP2

CLM4.5, CLM5.0, CWatM, DBH, H08, JULES-W1, LPJmL, MATSIRO, ORCHIDEE,
PCR-GLOBWB, WaterGAP2

CLM4.5, CLM5.0, CWatM, DBH, H08, JULES-W1, LPJmL, MATSIRO, mHM, MPI-
HM, ORCHIDEE, PCR-GLOBWB, WaterGAP2

CLM4.5, CLM5.0, CWatM, DBH, H08, JULES-W1, LPJmL, MATSIRO, mHM, MPI-
HM, ORCHIDEE, PCR-GLOBWB, WaterGAP2

CLM4.5, CLM5.0, CWatM, DBH, JULES-W1, LPJmL, MATSIRO, MPI-HM,
ORCHIDEE, PCR-GLOBWB, WaterGAP2

CLM4.5, CLM5.0, CWatM, DBH, JULES-W1, LPJmL, MATSIRO, ORCHIDEE, PCR-
GLOBWB, WaterGAP2, WAYS

CLM4.5, CLM5.0, CWatM

CLM4.5, CLM5.0, CWatM, DBH, H08, JULES-W1, LPJmL, MATSIRO, mHM,
ORCHIDEE, PCR-GLOBWB, WaterGAP2

CLM4.5, CLM5.0, CWatM, MATSIRO, WaterGAP2

CLM4.5, CLM5.0, CWatM, MPI-HM, ORCHIDEE, PCR-GLOBWB, WaterGAP2
CWatM, DBH, H08, LPJmL, MATSIRO, PCR-GLOBWB, WaterGAP2

CLM4.5, CLM5.0, CWatM, DBH, LPJmL, MATSIRO, ORCHIDEE,

CLM4.5, CLM5.0, CWatM, DBH, H08, LPJmL, MATSIRO, MPI-HM, ORCHIDEE,
PCR-GLOBWB, WaterGAP2

CLM4.5, CLM5.0, CWatM, DBH, H08, JULES-W1, LPJmL, MATSIRO, mHM, MPI-
HM, ORCHIDEE, PCR-GLOBWB, WaterGAP2, WAYS

CLM4.5, CLM5.0, CWatM, DBH, H08, JULES-W1, LPJmL, Mac-PDM.20, MATSIRO,
mHM, MPI-HM, ORCHIDEE, PCR-GLOBWB, WaterGAP2, WAYS

CLM45, ORCHIDEE, WAYS
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Table S92. Water management variables of the ISMIP2b global water models® with a spatial resolution of 0.5°x0.5° and a monthly
temporal resolution

Output variable ISIMIP2b protocol Symbol (Units) / Models

Temporal resolution

Irrigation water demand
(=potential irrigation water
Withdrawal)

Actual irrigation water
withdrawal

Potential irrigation water
consumption

Actual irrigation water
consumption

Actual green water consumption
on

irrigated cropland

Potential green water
consumption on irrigated
cropland

Actual green water consumption
on rainfed cropland

Actual domestic water
withdrawal

Actual domestic water
consumption

Actual manufacturing water
withdrawal

Actual Manufacturing water
consumption

Actual electricity water
withdrawal

Actual electricity water
consumption

Actual livestock water
withdrawal

Actual livestock water
consumption

Total (all sectors) actual water
consumption

Total (all sectors) actual water
withdrawal

Total (all sectors) water demand
(=potential water withdrawal)
Total (all sectors) potential water
consumption

Actual industrial water
consumption

Potential domestic water
consumption

Potential manufacturing water
consumption

Actual industrial water
withdrawal

pirrww (kg m2s?)

airrww (kg m2 s1)

pirruse (kg m2s?)

airruse (kg m2s?t)

airrusegreen (kg m2 st

pirrusegreen (kg m2s?)

arainfusegreen (kg m2s1)
adomww (kg m?2 s?)
adomuse (kg m? s?)
amanww (kg m? 1)
amanuse (kg m2s?)
aelecww (kg m2 s)
aelecuse (kg m2s?)
aliveww (kg m2 s
aliveuse (kg m2s?)
atotuse (kg m? s%)
atotww (kg m2 s%)
ptotww (kg m?s™)
ptotuse (kg m2s?)
ainduse (kg m?2s?)
pdomuse (kg m2s?)
pmanuse (kg m? s?)

aindww (kg m2 s-1)

CLM4.5, CLM5.0, CWatM, DBH, HO08, LPJmL,
MATSIRO, MPI-HM, PCR-GLOBWAB,
WaterGAP2

CLM4.5, CLM5.0, CWatM, DBH, H08, LPJmL,
MATSIRO, MPI-HM, PCR-GLOBWB
CLM4.5, CLM5.0, CWatM, DBH, H08, LPJmL,
MATSIRO, MPI-HM, PCR-GLOBWAB,
WaterGAP2

CLM4.5, CLM5.0, CWatM, DBH, HO08, LPJmL,
MATSIRO, MPI-HM, PCR-GLOBWB
CLM4.5, CLM5.0, CWatM, DBH, H08, LPJmL,
MATSIRO, PCR-GLOBWB

CLM4.5, CLM5.0, CWatM, DBH, H08, LPJmL,
MATSIRO, PCR-GLOBWB

CLM4.5, CLM5.0, CWatM, DBH, H08, LPJmL,
MATSIRO, PCR-GLOBWB

CWatM, H08, MATSIRO, PCR-GLOBWB
CWatM, H08, MATSIRO, PCR-GLOBWB
CWatM, H08, MATSIRO, PCR-GLOBWB
CWatM, H08, MATSIRO, PCR-GLOBWB
CWatM, H08, PCR-GLOBWB

CwWatM, H08, PCR-GLOBWB

CWatM, H08, PCR-GLOBWB

CWatM, H08, PCR-GLOBWB

CWatM, H08, PCR-GLOBWB, WaterGAP2
CWatM, H08, PCR-GLOBWB, WaterGAP2
CWatM, H08, PCR-GLOBWB, WaterGAP2
CWatM, H08, PCR-GLOBWB, WaterGAP2
CWatM, PCR-GLOBWB

HO08

HO08

PCR-GLOBWB

https://www.isimip.org/protocol/
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Table S93. Human water use sectors included in the Global Water Models — Part |

Irrigation Livestock Domestic

Model Water withdrawal Return flow Water withdrawal Return flow Water withdrawal Return flow

(source) (destination) (source) (destination) (source) (destination)

G L R RR O S G LRR R, OG L RR OS G L RROGLIRRUOSGLIRIR O
CLM45 4 v v v
CLM5.0 v v v v
CWatM v v v v v v v v v v v v v v vV v
Ho8 v v v v v v v v v v
LPImL v v v v
MATSIRO v v v Vo v v v v
MPI-HM? v v v
PCR-GLOBWB Vv Vv Vv v v v v v v v v v v v v v
WaterGAP2 v v v v v v v v v v v v v v v v v

Legend: G = groundwater; L = lake; O = ocean; R. = reservoir; R; = river; S = soil; Bold = LSMs; Italic = GHMs; Underline = DGVMs.

Note: 1: MPI-HM extracts water from the wetland storage, which includes the water stored in lakes.
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Table S94. Human water use sectors included in the Global Water Models — Part 11

Manufacturing Electricity Desalination

Model Water withdrawal Return flow Water withdrawal Return flow Water withdrawal Return flow

(source) (destination) (source) (destination) (source) (destination)

G LRR OSGLRROGLI RROSG GULRRUOGLRRO S e L Re R O ISW

CWwatM v v v v
HO8 v v v v v v
MATSIRO v v v v
PCR-GLOBWB v v Vv Vv v
WaterGAP2 v v v v v v v

Legend: G = groundwater; ISW = inland saline water; L = lake; O = ocean; R. = reservoir; R; = river; S = soil; Bold = LSMs; Italic = GHMs; Underline =
DGVMs. CWatM and PCR-GLOBWSB did not compute desalination for ISIMIP2b.

MATSIRO, PCR-GLOBWB, and CWatM combine manufacturing and electricity in industry sector.

Desalination

HO08 computes seawater abstraction, consumption, and return flows for ISIMIP2b (Tables S81-S83) (Hanasaki et al., 2018).
Seawater abstraction represents the sum of seawater abstraction for the municipal and industry sectors. Three conditions must
be met in order to use desalination: i) GDP > USD 14,000 person year in terms of purchasing power parity (PPP); ii) humidity
index below 8%; iii) within three grid cells of the seashore. It is assumed that seawater desalination is not used for irrigation
and that all demand for municipal and industrial water is abstracted by desalination if available. In the context that desalination
is not used for irrigation, seawater consumption represents seawater abstraction weighted by the ratio of consumption to
withdrawal, which is equal to 0.1 and 0.15 for industrial and municipal water use. Return flow from seawater abstraction
represents seawater abstraction weighted by the non-used fraction (0.1 and 0.15 for industrial and municipal water use) and
proportion lost during delivery (set to zero).

HO8 used the canal (aqueduct) scheme for ISIMIP2b.
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Table S95. Potential future research in global hydrological modeling — Part |

Model Input Output Temporal Spatial Calibration Canopy Soil storage Snow Glacier
data data resolution resolution storage storage storage

CLM4.5 v v v v v

CLM5.0 v v v v v

CWatM v v

DBH v v

HO8 v v v

JULES-W1 v v

LPJmL v v v

Mac-PDM.20

MATSIRO v v

mHM v v

MPI-HM v v

ORCHIDEE v

PCR-GLOBWB v v v v v

VIC

WaterGAP2 v v

WAYS

Legend: Bold = LSMs, Italic = GHMs, Underline = DGVMs.

Table S96. Potential future research in global hydrological modeling — Part 11

Model Groundwater River Runoff Lakes Reservoir Wetland Water use model
storage storage scheme storage storage storage

CLM45 v v v v v v v

CLM5.0 v v v v v v v

CWatM

DBH v v v

HO08

JULES-W1 4 v

LPJmL

Mac-PDM.20 v

MATSIRO 4 v

mHM v v v v v

MPI-HM v

ORCHIDEE

PCR-GLOBWB v v v

VIC v v v

WaterGAP2 v 4

WAYS v

Legend: Bold = LSMs, Italic = GHMSs, Underline = DGVMs.

We synthesized some challenges in water modelling by reviewing articles published by the climate, global hydrological, and vegetation
communities. We classified these according to the 23 unsolved problems in hydrology (UPH) identified by Bldschl et al., 2019 (Table
S97), to harmonize the efforts of the global and catchment hydrological communities. Briefly, these challenges can be overcome through
innovative and creative collaboration among communities and investment in technical infrastructure. In the end, hydrology is an inexact
science influenced by aleatory (random) and epistemic (lack of knowledge) uncertainties (Beven, 2018).

References:
Beven, K. (2018). On hypothesis testing in hydrology: Why falsil” cation of models is still a really good idea. Wiley Interdisciplinary Reviews:Water,5(3),
e1278.

Bloschl G, et al.: Twenty-three Unsolved Problems in Hydrology (UPH) — A community perspective. Hydrological Sciences Journal 64(1):1141-1158.
https://doi.org/10.1080/02626667.2019.1620507, 2019.
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Table S97 Challenges of global hydrological modelling overlapping with unsolved problems in hydrology

Challenges of hydrological modelling

Time variability and change (Bloschl et al.,
2019)

1. Is the hydrological cycle regionally
accelerating/decelerating under climate and
environmental change, and are there tipping
points (irreversible changes)?

2. How will cold region runoff and
groundwater change in a warmer climate (e.g.
with glacier melt and permafrost thaw)?

3. What are the mechanisms by which climate
change and water use alter ephemeral rivers
and groundwater in (semi-) arid regions?
Measurements and data (Bldschl et al.,
2019)

16. How can we use innovative technologies to
measure surface and

subsurface properties, states, and fluxes at a
range of spatial and temporal scales?

18. How can we extract information from
available data on human and water systems in
order to inform the building process of socio-
hydrological models and conceptualizations?

Modelling methods (Bldschl et al., 2019)

19. How can hydrological models be adapted
to be able to extrapolate to changing
conditions, including changing vegetation
dynamics?

20. How can we disentangle and reduce model
structural/parameter/input uncertainty in
hydrological prediction?

Interfaces with society (Bloschl et al., 2019)

21. How can the (un)certainty in hydrological
predictions be communicated to decision
makers and the general public?

22. What are the synergies and tradeoffs
between societal goals related to water
management (e.g. water—environment—energy—
food—health)?

23. What is the role of water in migration,
urbanisation and the dynamics of human
civilisations, and what are the implications for
contemporary water management?

Challenges of simulating terrestrial water cycle on the global scale, identified through the present
study

a. couple the climate and hydrological models, having climate feedback from the hydrological models
(Ning et al., 2019);

b. add glacial meltwater runoff (Schewe et al., 2019; Huss and Hock, 2018, Zekollari et al., 2019; Caceres
et al., 2020);

c. couple the climate, lands use, hydrology, and human components including their feedbacks and
interactions (Nazemi &Wheater, 2015; Pokhrel et al., 2016; Wada et al., 2017; Thiery et al., 2017; 2020 a
and b);

d. land-use dynamics scheme (Sood and Smakhtin, 2015)

Challenges of simulating terrestrial water cycle on the global scale, identified through the present
study

e. perform the GWMs at a high resolution of 1 km than 55 km (Wood et al., 2011; Bierkens 2015; Beven
et al., 2015; Wada et al., 2016; Burek et al., 2020);

f. improve the quality of the input data, GRACE products (Murray et al., 2012; Scanlon et al., 2019);

g. make single-model sensitivity analyses (Gosling and Arnell, 2011; Miiller Schmied et al. 2014; Pianosi
et al., 2015; Cuntz et al., 2016);

h. make multi-parameterization of the single models or model compartments;

j. improve the simulation of the human impact on freshwater resources (Bierkens, 2015;
Nazemi&Wheater, 2015; Déll et al., 2016; Wada et al., 2017; Masaki et al., 2017; Veldkamp et al., 2018);
i. distinguish between the groundwater source and surface water source for water abstractions and identify
how the return flows recharge groundwater (Ddll et al., 2016; Veldkamp et al., 2018; Scanlon et al., 2019).
Challenges of simulating terrestrial water cycle on the global scale, identified through the present
study

k. understand different model biases (errors) and their influence on the simulations identify and explain the
strengths and weaknesses of individual models (fire community: Rabin et al., 2017);

1. assess the influence of the models' structure on simulations, go deep into equations, to improve the
equations, and to create new equations;

m. improve the processes representation of the models, for example, incorporation of a dynamic
groundwater scheme (Pokhrel et al., 2016; Scanlon et al., 2018, 2019);

n. add other processes in the models such as transmission losses, capillary rise, evaporation from small
ephemeral ponds, dynamic response of vegetation to the climate change and CO, concentrations; improve
the capture of the spatial pattern, intra and inter-annual variabilities; explain the reasons for different
output results and use several types of data (e. g., GRACE, GPS, well observations, MODIS, Envisat) for
multi-criteria validation (of the models” outputs), model calibration (models’ parameters), data
assimilation (Dol et al., 2003; Déll et al., 2015; Dol et al., 2016; Vanderkelen et al., 2020);

0. improve parameterizations by using parameter transfer method, multiscale parameter regionalization
(Samaniego et al., 2010), or by using stepwise parameter estimation (Arheimer et al., 2020);

p. add floodplain storage and wetland evaporation; to develop or open new data sets on “interbasin
transfers, regional water distribution network, river cross-sectional dimensions, and hydrogeological
subsurface properties” (Bierkens, 2015, page 4942);

g. weight individual models based upon their performance (Zaherpour et al., 2019)

r. identify hidden parameters in the code (Mendoza et al., 2015)

Challenges of simulating terrestrial water cycle on the global scale, identified through the present
study

s. evaluate the models' performance, for example, following the steps proposed by Krysanova et al., 2018
or to create new feasible steps for GWMs taking into account their shortcomings (Zaherpour et al., 2018
and 2019) or evaluating them for several scales and gauge stations (Samaniego et al., 2017);

t. compare with the outputs of the high-resolution continental scale models (for example, Parflow)
(Scanlon et al., 2018);

u. complement the global studies with regional studies (Gosling et al., 2011; Gosling et al., 2017;
Hatterman et al., 2017);

v. connect the GWMs with socio-economic and energy models (Calvin et al., 2013; Burek et al., 2020);

x. identify and explain the strengths and weaknesses of multi-model ensembles, individual model
compartments (Clark et al., 2011; Niu et al., 2011; Essery et al., 2013);
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