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List of symbols

a soil exponent (unitless). See table S25. 50

a; soil exponent per layer ¢ (unitless). See table S25. 50

a., exponent for the unsaturated zone (unitless). See table S26. 51

A water abstraction (L2 L=2 T—1). See tables S32, S35. 57, 60

A9, actual groundwater abstraction (L® L=2 T—!). See table S53. 78

A% actual surface water abstraction (L2 L=2 T—1). See table S53. 78

act
Aqet,irr actual water abstraction for irrigation (L3 L=2 T~1!). See table S43. 68
Adem,dam mean annual total water demand of the dam (L2 T~1). See table S37. 62
Adem,5dcells long term averaged water demand of 5 donwstream cells of a reservoir (L3 T~1). See table S37. 62

Adem 5deells,montr, Mean water demand of 5 downstream cells of a reservoir averaged over a specific month (L3 T~1). See
table S37. 62

Agom Wwater abstraction for domestic sector (L3 L2 T~1). See tables S35, S59, S60, S61, S62, S63, S64. 60, 84-89
A%

dom Water abstraction from river for domestic sector, at the origin of an aqueduct (L3 L=2 T~1). See table S62. 87

A9Y  water abstraction from groundwater storage for domestic sector (L3 L2 T~1). See tables S29, S59, S60 S61, S77. 54,

dom

84-86, 102

A9 water abstraction from non-renewable groundwater storage for domestic sector (L3 L2 T~!). See table S59. 84

AJ0 water abstraction from renewable groundwater storage for domestic sector (L3 L=2 T1). See table S59. 84

Asgfnd water abstraction from pond, from local reservoir, for domestic sector (L3 L=2T~1). See tables S35, S62. 60, 87

A"¢  water abstraction from reservoir for domestic sector (L3 L =2 T~1). See tables S62, S79. 87, 104

dom

Ani - water abstraction from river for domestic sector (L* L™2 T—1). See tables S43, $62. 71, 87

AS®  water abstraction from surface water bodies for domestic sector (L3 L2 T—1). See tables S43, S59, S62, S63, S64,

dom

S78, S79, S80. 68, 84, §7-89, 103-105

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

87
Adom.cons domestic consumption (L3 L=2 T~1). See tables S60, S61, S63. 85, 86, 88

A%Um,cons domestic surface water consumption (L2 L =2 T~1). See table S63. 88
Ao cons domestic groundwater consumption (L? L= T~1). See table S60. 85

Adom,dem Wwater demand for domestic sector (L3 T~1). See tables S59, S60, S61, S62, S63, S78, S79. 84-88, 103, 104

A5 10ss domestic surface water losses (L® L2 T~'). See table S63. 88
Ao 10ss domestic groundwater losses (L L2 T~1). See table S60. 85
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Adom.month, monthly water abstraction for domestic sector (L2 L=2 T~1). See tables S37, S79. 62, 104

Adom,rf
A?i;um,rf

ASUJ

dom,rf

Are,global

dom

AZ}® water abstraction from surface water bodies for electricity sector (L2 L=2T~1). See tables S75, S76, S78, S79, S80. 100,

return flow from domestic sector (I L=2 T—1). See tables S60, S61, S63, S64. 85, 86, 88, 89

return flow from domestic groundwater abstraction (L3 L2 T—1). See tables S61, S60. 85, 86

return flow from domestic surface water abstraction (L3 L~2 T—1). See tables S64, S63. 88, 89

water abstraction from a global reservoir for domestic sector (L3 L=2 T ). See tables S35, S62. 60, 87

101, 103-105

Ajfgw fossil groundwater abstraction (L3 L2 T-1). See table S53. 78

Agw water abstraction from groundwater storage (L3 L=2 T~ ). See tables $29, S77. 54, 102

Agw,cons groundwater consumption (L3 L2 T-1). See table S54. 79

Agw,rw

water abstraction from renewable groundwater storage (L2 L=2 T~1). See table S53. 78

Apii,c household, industry, and livestock demand, at the grid cell (G) (L3 L2 T-1). See tables S78, S79. 103, 104

A,;nq water abstraction for industry sector (L3 L=2 T-1). See tables S35, S81. 60, 106

A9 groundwater abstraction for industry sector (L3 L2 T—1). See tables S77, S69, S70. 94, 95, 102

ind

Apond

ind  Water abstraction from pond, local reservoir, for industry sector (L3 L2 T—1). See tables S35, S72. 60, 97

Ale ., water abstraction from reservoir for industry sector (L3 L=2 T~1). See table S79. 104

Al water abstraction from river for industry sector (L* L=2 T—1). See tables S46, S72. 71, 97

A® surface water abstraction for industry sector (L3 L=2 T—1). See tables S69, S72, S73, S75. 94, 97, 98

ind

Az

ind,cons

qw

ind,cons

surface water consumption for industry sector (L3 L=2 T—1). See tables S73. 98

groundwater consumption for industry sector (L2 L=2 T~!). See tables S70. 95

Aind,dem Wwater demand abstraction for industry sector (L3 T1). See tables S69, S78, S79. 94, 103, 104

Aind,montr, monthly water abstraction for industry sector (L3 L=2 T-1). See tables S37, S79. 62, 104

Are,global

ind

A;, water abstraction for irrigation sector (L3 L=2 T~1). See tables S1, S35, S43, S52, S53, S54, S55, S$56, S57, S58. 26, 60,

77

water abstraction from a global reservoir for industry sector (L3 L=2 T-1). See tables S35, S72. 60, 97

, 19-83, 105

A% water abstraction from river for irrigation sector, at the origin of an aqueduct (L? L=2 T—1). See table S56. 81

rr

A% water abstraction from groundwater storage for irrigation sector (L3 L=2 T—1). See tables S29, S53, S54, S55, S77. 54,
—-80, 102

rr

78

AgWnTw
irr

qw,rw
Airr

water abstraction from non-renewable groundwater storage for irrigation sector (L3 L=2 T~1!). See table S53. 78

water abstraction for irrigation sector taken from renewable groundwater storage (L3 L=2 T~!). See table S53. 78
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Al water abstraction for irrigation sector taken from lake (L® L=2 T~1). See table S56. 81

Aneigh,cell

i water abstraction for irrigation sector taken from neighboring cell surplus (L3 L=2 T—1). See table S56. 81

Afff 4 water abstraction for irrigation sector taken from pond, local reservoir (L3 L=2 T1). See tables S35, S56. 60, 81

Are  water abstraction from reservoir for irrigation sector (L3 L=2 T~1). See tables S56, S79. 81, 104

AT'  water abstraction for irrigation from river (I3 L =2 T~!). See tables S46, S56. 71, 81

wrr

A3 water abstraction for irrigation sector taken from surface water (L2 L.=2 T—1). See tables S43, S53, S56, S57, S58, S78,

rr

S79, S80. 68, 78, 81-83, 103—-105

AUsw jrrigation surface water abstraction from unlimited (unspecified) surface water source (L3 L~=2 T~1!). See table S56. 81

Ajrrapp application requirement for an irrigation system due to irrigation conveyance inefficiencies (L3 L=2 T~1). See tables
S57, S58. 82, 83
Ajrr.cons consumptive water use for irrigation sector (L L=2 T—!). See tables S53, S54, S56, S57. 78, 79, 81, 82

Asw irrigation surface water consumption (L3 L=2 T—1). See tables S57, S58. 82, 83

rr,cons

AIY irrigation groundwater consumption (L3 L=2 T~1!). See tables S54, S55. 79, 80

rr,cons

Airr dem water demand for irrigation sector (L3 T—1). See tables S53, S78, S79. 78, 103, 104
Airr.gross,c gross irrigation requirement, at the grid cell (G) (L? L=2 T~'). See tables S57, S58, S78, S79. 82, 83, 103, 104

S loss irTigation surface water losses (L° L~2 T™1). See table S57. 82

A
Ajirrmontn, monthly water abstraction for irrigation sector (L L=2 T~!). See tables S37, S79. 62, 104
A

irrnet daily net irrigation requirement. Amount of water required in the upper 50 cm soil to avoid crop water limitation
(L3 L=2 T~1!). See tables S57, S58. 82, 83

AT ¢ return flow from irrigation groundwater abstraction (L3 L=2 T~1). See table S55. 80

Az return flow from irrigation surface water abstraction (L3 L=2 T-1). See tables S57, S58. 82, 83

irr,r

Are,global

i water abstraction from a global reservoir for irrigation sector (L3 L=2 T~1). See tables S29, S56. 60, 81

A;, water abstraction from lake (L3 L=2 T—1). See tables S43, S78, S79. 57, 103, 104

Alg;Z water abstraction for livestock sector taken from groundwater storage (L3 L2 T~1). See tables S29, S65. 54, 90

As water abstraction for livestock sector taken from surface water (L? L=2 T~1). See tables S43, S67, S78, S79, S80. 68,

92, 103-105

Aliv cons Water consumption for livestock sector (L3 L=2 T~1). See tables S66, S68. 91, 93

qw

liv.cons Water consumption use for livestock sector taken from groundwater (L3 L=2 T1). See table S66. 91

Aj ons Water consumption use for livestock sector taken from surface water (L® L ™2 T~1). See tables S67, $68. 92, 93

Ajiv,dem Water demand for livestock sector (L2 T~1). See tables S65, S66, S67, S68, S78, $79. 90-93, 103, 104

AW return flow for manufacturing groundwater abstraction (L2 L.=2 T—1). See tables S71, S70. 95, 96

man,rf
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Aze . return flow for manufacturing from surface water abstraction (L* L2 T~). See tables S74, S73. 98, 99

A% water abstraction for manufacturing sector from river, at the origin of an aqueduct (L3 L=2 T~1). See table S72. 97

Aco%:¢ manufacturing cooling water per country (L3 T~1). See tables S70, S71, S73, S74. 95, 96, 98, 99

man

A¢ water abstraction for manufacturing sector per country (L2 T~1). See tables S69, S70, S72, S73. 94, 95, 97, 98

man

A9gwnTw water abstraction for manufacturing sector taken from non-renewable groundwater storage (> L=2 T—1). See table

man

S69. 94

Agw.rw water abstraction for manufacturing sector taken from renewable groundwater storage (L® L2 T~1). See table S69.
94

Are . water abstraction from reservoir for manufacturing sector (L2 L=2 T~1). See table S72. 97

A water abstraction from river for manufacturing sector (L L =2 T~1!). See table S72. 97

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. 68, 97-99, 103-105

A%sw  manufacturing surface water abstraction from unlimited (unspecified) surface water source (L3 L=2 T~!). See table

S72.97
AWw.¢ manufacturing wastewater per country (L2 T—1). See tables S70, S71, S73, S74. 95, 96, 98, 99

man

Aunan,cons water consumption for manufacturing sector (L3 L=2 T~1). See tables S70, S71, S73. 95, 96, 98

A9 water consumption for manufacturing sector taken from groundwater storage (L2 L =2 T~1). See table S70. 95

man,cons

Asw water consumption for manufacturing sector taken from surface water (L3 L=2 T—1). See table S73. 98

man,cons

Apan.dem Wwater demand for manufacturing sector (L3 T—1). See tables $69, S70, S71, S72 S73. 94-98

Af:;m loss Manufacturing groundwater losses (L3 L=2T1). See table S70. 95
A%mloss manufacturing surface water losses (L3 L=2 T!). See table S73. 98

Afnan’r ¢ return flow for manufacturing abstraction per country (L3 L2 T~1). See tables S71, S70. 95, 98

A9 water abstraction for manufacturing sector taken from groundwater storage (L3 L=2 T~!). See tables $29, S69, S70,

S71. 54, 94-96
Ajnuni Water abstraction for municipal sector L3 L2 T ). See table S81. 106
Apcean seawater abstraction (L2 L=2 T~1). See tables S81, S82, S83. 106-108
Aocean,cons seawater consumption (L2 L=2 T—1). See table S$82. 107
Aocean,ry return flow from seawater abstraction (L3 L=2 T-1). See table S83. 108
AY%, potential groundwater abstraction (L® L~2 T~1). See table S$53. 78
A,. water abstraction from local reservoir (L2 L=2 T~1). See tables S35, S79. 60, 104
A,y return flow from water abstraction (L3 L2 T-1). See table S32. 57, 60, 68

A,; water abstraction from river (L3 L=2 T1). See tables S43, S80. 68, 105
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Agw cons surface water consumption (L3 L=2 T~1). See table S54. 79
Ao total abstraction (L3 L=2 T—1). See tables S29, S53. 54, 78
Atot cons total consumption (L3 L2 T~ 1). See table S54. 79

AFET total amount of water from transpiration, evaporation, interception losses, and sublimation (L3 L2 T~1). See tables
S1, S11, S20. 26, 36, 45

byweir width weir (L). See tables S34, S37. 59, 62

B area (L2). See tables S35, S46. 60, 71

B_.aim fraction of the calm areas (unitless). See table S21. 46

B¢ area of a grid cell (L2). See table S29, S43. 54, 68

Bia giobal global lake area (L?). See table $32. 57

Bia,giobal,maz maximum global lake area (L2). See tables S32, S49. 57, 76

Bia,iocai local lake area (L2). See table S32. 57

Bia iocal,maz maximum local lake area (L2). See tables S32, S49. 57, 76

B,. reservoir area (L?). See tables S35, S38. 60, 63

B, e maz Maximum reservoir area (L?). See table S35. 60

Bgiormy fraction of the stormy areas (unitless). See tables S4, S21. 29, 46

Buye,giobar global wetland area (L2). See table S39. 64

Buye,global,maz maximum global wetland area (L2). See tables S39, S49. 64, 76

B iocai 1ocal wetland area (L2). See table S39. 64

Bue,local,maz maximum local wetland area (L2). See tables S39, S49. 64, 76

cqir specific heat of air (unitless). See tables S2, S7, S11, S23, S24. 27, 32, 36, 48, 49

Cice specific heat ice (unitless). See tables S10, S12. 35, 37

Chuir bulk transfer coefficient (unitless). See table S2. 27

Chuik,Eg bulk coefficient for evaporation from snow-free ground (unitless). See table S11. 36
Couik.E o, bulk coefficient for evaporation from snow-covered ground (unitless). See table S11. 36
Chutk,ri bulk coefficient for evaporation, from intercepted liquid water by canopy (unitless). See table S7. 32
Chuk, i bulk coefficient for evaporation, from intercepted snow by canopy (unitless). See table S7. 32
CB,req areareduction factor (unitless). See tables S32, S35, S39. 57, 60, 64

Cerop crop coefficient (unitless). See tables S23, S24. 48, 49

Ceropan crop group number (GN) is an indicator of adaptation to dry climate (unitless). See table S23. 48
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Caam,c allocation coefficient for grid cell that can be supply by more than one dam (unitless). See table S37. 62

Cvts - domestic water use intensity (L3 capita—! T—1). See tables S59, S62. 84, 87

dom
Cdom,cons domestic consumptive use coefficient (unitless). See tables S60, S61, S63, S64. 85, 86, 88, 89

techchangerate
Cele

technological change rate for the electricity sector (unitless). See tables S75, S76. 100, 101
Cyw, groundwater outflow coefficient or recession coefficient of groundwater zone (T~1). See table S31. 56
Cs groundwater recharge rate below surface water bodies (L3 L=2 T~!). See tables $32, S35, $39. 57, 60, 64

sw
gw,rech

Cp surface exchange coefficient for sensible and latent heat fluxes between the surface and the lowest atmospheric level
(unitless). See tables S23, S24. 48, 49

Cice ice impedance coefficient determined from the ice content of the soil layers (unitless). See table S31. 56
Cy"1 livestock specific animal water requirement (L® capita= T~!). See table S68. 93

C,, degree-day factor (L ©~! T~1). See table S12. 37

C,scason seasonal degree-day factor (unitless). See table S12. 37

Cw:ints,2005 manufacturing structural water intensity of 2005 per country (L3 money~!). See tables S69, S70, S72, S73. 94,

man

95,97, 98
Cman,cons manufacturing consumptive use coefficient (unitless). See tables S73, S70, S74, S71. 95, 96, 98, 99
Cf,fgﬁ’" technological change rate for the manufacturing sector (unitless). See tables S69, S70, S72, S73. 94, 95, 97, 98
Crnoner, monthly provisional release coefficient (L~3 T~1). See table S37. 62
C Manning’s roughness coefficient for river bed (unitless). See table S46. 71
C1 Manning coefficient 1 (unitless). See table S46. 71
C2 Manning coefficient 2 (unitless). See table S46. 71
Cr3 Manning coefficient 3 (unitless). See table S46. 71
Crrs,we Manning-Strickler coefficient for wetlands (unitless). See table S39. 67
Cp, extinction coefficient for rainfall (unitless). See table S5, S4. 29, 30
Cp,, throughfall coefficient (unitless). See table S5. 30
Cpr Priestley-Taylor coefficient: 1.26 in humid areas, 1.74 in semiarid / arid areas Kaspar [26] (unitless). See table S2. 27
C'ri,hydrautic hydraulic radius coefficient of the river channel (L). See table S46. 71
Cso,r reduction factor for frozen soil (unitless). See table S13. 38
Cso,i soil matric potential coefficient (unitless). See table S28. 53
Cs, surface drag coefficient (unitless). See tables S7, S11, S23, S24. 32, 36, 48, 49

Csw,out surface water outflow coefficient (T~1). See tables S34, S42. 59, 67
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Cio¢ total annual release coefficient (L3 T—1). See table S37. 62

Cweir coefficient friction of the reservoir weir (unitless). See tables S34, S37, S45, S46. 59, 62, 70, 71
Cys reduction factor because of water stress (unitless). See table S23. 48

Cyear yearly release coefficient (L3 T~1). See table S37. 62

do threshold depth (L). See table S31. 56

dy; layer ¢ node depth (L). See table S13. 38

dn.i+1 layer i+ 1 node depth (L). See table S13. 38

dpaaqy actual surface water depth for paddy irrigation (L). See table S57. 82

dpaddy max Maximal surface water depth for paddy irrigation (L) (50 mm). See table S57. 82
dsn, grid-average of depth of the snow cover (L). See table S13. 38

ds, total soil depth (L). See tables S14, S20, S25, S29, S30. 39, 45, 50, 54, 55

dso,; soil depth for layer index 4 (L). See tables S14, S24, S25, S49. 39, 49, 50, 75
dso,root rooting depth (L). See tables S18, S22, S49. 43, 47,75

dqt water table depth (L). See tables S29, S30, S31. 54-56

duwt,i depth of the layer ¢ directly above the water table (L). See table S30. 55

D,, soil water diffusivity (L2 T~1). See table S14. 39

e vapor pressure (kPa). See tables S7, S11, S23, S24. 32, 36, 48, 49

eqct actual vapor pressure (kPa). See table S2. 27

€cq Vvapor pressure in canopy air space (kPa). See tables S7, S11, S23, S24. 32, 36, 48, 49
esqt saturation vapor pressure (kPa); for Mac-PDM.20 (mb). See table S2. 27

€sat,dew Saturation vapor pressure at dew point; for Mac-PDM.20 (mb). See table S2. 27

E., evaporation, water changes from liquid to vapour, from canopy storage (L L=2 T—1). See tables S1, S3, S5, S7, S9, S23,
S24. 26, 28, 30, 32, 34, 45, 49

Es™eov evaporation from snow-covered canopy (L3 L=2 T1). See table S1. 26
Esm/ree evaporation from snow-free canopy (L® L=2 T~1). See table S1. 26

E.,,; amount of water, from rainfall, accumulated on the vegetation that changes from liquid to vapor (L3 L2 T~!). See
tables S3, S7, S10. 28, 32, 35

Eecq,max maximum amount of water accumulated on the vegetation that changes from liquid to vapor (L3 L2 T~ 1). See table
S7.32

E.q.s amount of water, from snowfall, accumulated on the vegetation that changes from solid to vapor (L? L=2 T~1!). See
tables S3, S7, S9. 28, 32, 34
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Egew liquid dew, accumulated on the ground or snow that changes from vapor to liquid (L3 L=2 T~!). See tables S8, S10. 33,
35

E., evaporation at the equilibrium (L3 L=2 T~1). See table S24. 49

E floodpiain €vaporation from floodplain, it can be wetland (L3 L=2 T~1). See table S1. 26

E), evaporation from lake storage (L3 L2 T-1). See tables S1, S32, S33, S45, S47. 26, 57, 58, 70, 72
Ejq.pot potential evaporation from lake storage (L3 L=2 T~ ). See tables S33, S47. 58, 72

Ejfom leaf and stem surface evaporation (L2 L=2T-1). See table S9. 34

E,,., evaporation from open water surfaces (L3 L=2 T—1). See tables S57, S58. 82, 83

E,. evaporation from reservoir storage (L3 L2 T~1). See tables S1, S35, S38, S45. 26, 60, 63, 70
Ere pot potential evaporation from reservoir storage (L3 L=2 T~1). See table S38. 63

E,; evaporation from river storage (L2 L~2 T~1!). See tables S1, S47. 26, 72

E,, sublimation, water that changes from solid (snow and ice) to vapor (L? L=2 T—1). See tables S1, S8, S9, S11, S12. 26,
33, 34, 36, 37

E22v9" sublimation on snow covered ground (L3 L=2 T~1). See table S11. 36

E/reesr sublimation on snow free ground (L? L=2 T~1). See table S11. 36

E,, so sublimation on soil, water that changes from solid (snow and ice) to vapor (L3 L2 T~1). See tables S10. 35
Esn s, sublimation in a subgrid cell Miiller Schmied et al. [34] (L L=2 T—!). See tables S8, S11. 33, 36

Fsnunderca Sublimation under canopy, water that changes from solid (snow and ice) to vapor (L3 L2 T~ 1). See table S10,
S11. 35, 36

E,, soil evaporation, water changes from liquid to vapor (L3 L=2 T—1). See tables S1, S8, S11, S14, S23, S24, S25. 26, 33,
36, 39, 48-50

Es, soil evaporation from soil layer i (L3 L=2 T—1). See table S14. 39

Esoice soil evaporation from ground covered with ice (I3 L=2 T~1). See table S1. 26

sn,freegr
so,l

E,. evaporation from wetland storage (L3 L =2 T~1'). See tables S1, S39, S41. 26, 64, 66

soil evaporation from snow free ground (L2 L=2 T~1). See tables S1, S24. 26, 49

ETs,; evapotranspiration from soil layer i (L3 L=2 T~1). See tables S1, S14, S24. 26, 39, 49
ETs, ;-1 evapotranspiration from soil layer i — 1 (L3 L=2 T~1). See table S24. 49
f fractional coverage (unitless). See tables S5, S7. 30, 32

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. 32, 49

fan roughness length of the surface beneath the canopy (unitless). See table S11. 36

fou fraction of the built-up areas (unitless). See tables S18, S20, S25. 43, 45, 50
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fB, fraction of the area that receives precipitation rate greater than or equal to precipitation rate (unitless). See table S6. 31

fea fraction of the vegetation or canopy class in a grid cell (unitless). See tables S4, S5, S23, S24, S50, S52. 29, 30, 48, 49,
75,77

fea,ex fraction of the exposed canopy (unitless). See table S48. 73

fea,c fraction of the vegetation in a grid cell. See table S24. 49

fea,maz maximum fraction of vegetation type including non-biological fraction (unitless). See table S5. 30
fea,n vegetation fractional coverage for the n vegetation tile. See table S1. 26

fea,sn canopy wetness-snow cover fraction (unitless). See tables S7, S11. 32, 36

fea,wet fractional wetted area of the canopy (unitless). See table S23. 48

feons,a ratio of consumption to abstraction (unitless). See tables S54, S55, S57, S58, S60, S61, S63, S64, S70, S71, S73, S74,
S82, S83. 79, 80, 82, 83, 85, 86, 88, 89, 95, 96, 98, 99, 107, 108

fday,ca,wet fraction of the day-time when the canopy is wet (unitless). See table S23. 48
fara; drainage decay factor (L~1). See table S31. 56
fr frozen ration in the uppermost soil layer (unitless). See table S11. 36

foqw,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. 78, 79, 81, 82, 84-89, 94-99

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. 47, 83

fG unsar fraction of the grid area which is unsaturated (unitless). See table S21. 46
frao fraction of the ground covered by water (unitless). See tables S21, S25. 46, 50
frg hydrogeology-related factor (unitless). See table S30. 55

fiy factor interflow (unitless). See table S26. 51

firr storage reduction factor due to irrigation water abstraction (unitless). See tables S29, S39, S43, S52, S53, S56. 54, 64, 68,
77,78, 81

firrepy irrigation efficieny (unitless). See tables S56, S58. 81, 83
firrsw,epy country-specific surface water irrigation efficieny (unitless). See table S56. 81
fia lake area fraction of the grid cell (unitless). See table S49. 74

fiost proportion lost during delivery (unitless). See tables S55, S57, S58, S60, S61, S63, S64, S70, S73, S71, S74, S83. 80, 82,
83, 85, 86, 88, 89, 95, 96, 98, 99, 108

frar interception efficiency of leaf area index (unitless). See tables S4, S9. 29, 34
fpg permafrost / glacier-related factor (unitless). See table S30. 55

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. 31
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fpe,c fraction of the grid cell occupied by convective precipitation (unitless). See tables S5, S20. 30, 45
fre fraction of the reservoir fill equal to 1 at total storage capacity (unitless). See table S37. 62

fr relief-related factor (unitless). See table S30. 55

fri,sat tiver channel fraction in the saturated area (unitless). See table S22. 47

froot,i fraction of the roots per soil layer 7 (unitless). See table S24. 49

fr runoff component factor (surface, interflow, baseflow) (unitless). See table S19. 44

JRis.ma, fraction of the maximum interflow or subsurface flow (unitless). See table S31. 42

fRi, , fraction of the area for which the maximum rate of infiltration (infiltration capacity) is less than rate of the infiltration
(unitless). See table S24. 49

fsn fraction of the ground covered by snow (unitless). See tables S7, S8, S10, S11, S12, S25. 32, 33, 35-37, 50
fsopare fraction of the bare soil in a grid cell (unitless). See tables S1, S24. 26, 49

fsopare,sat fraction of the bare soil in a grid cell that is saturated (unitless). See table S24. 49

fso,dep soil depletion fraction (unitless). See table S23. 48

fso,tex soil-texture-related factor (unitless). See table S30. 55

fsu,gr fractional area of surface ground (unitless). See table S24. 49

fswpb fraction of the surface water bodies (lakes, wetlands, reservoirs) (unitless). See tables S32, S43. 57, 68
JSs0.mas Iraction of the maximum soil moisture (unitless). See table S31. 42

fuw,iy coverage of the water on leaf (unitless). See table S7. 32

fwe fraction coverage of wetland in a grid cell (unitless). See tables S20, S25, S27, S39, S40, S41. 45, 50, 52, 55, 64-66
F' mass gain due to frost (L3 L=2T-1). See table S8, S13. 33, 38

F,, frozen soil (©). See table S13. 38

gea canopy conductance (M L T—3 ©~1). See table S23. 48

g% water vapor conductance from the canopy air to the atmosphere (M L T—2 ©71). See table S23. 48
g(Ha vegetation sensible heat conductance (M L T3 ©~1). See table S23. 48

ggr Water vapor conductance from ground to canopy air (M L T3 ©~1). See table S23. 48

gso soil conductance (M L T3 ©~1). See table S24. 49

g% water vapor leaf level stomatal conductance (M L T—3 ©~1). See tables S7, S23. 32, 48

Jst,pot potential leaf level stomatal conductance, non-water stressed (M L T—3 ©~1). See table S23. 48

G grid cell (1). See table S49. 74

G AV gross added value per country (money T—1). See tables S69, S70, S72, S73. 94, 95, 97, 98
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hoy overflow height (L). See tables S34, S37. 59, 62
h., water height (L)). See tables S34, S37. 59, 62
hw,we wetland water level (L ). See table S42. 67
H heat (M L? T~2). See table S12. 37
315 Hg,,, heat flux from the overlaying atmosphere (M L2 T—3 L~2). See table S13. 38
H; excess or deficit of energy needed to change the soil layer temperature to freezing temperature (M T~2). See table S12. 37
H, latent heat (M T~3). See tables S2, S7, S8, S10, S12. 27, 32, 33, 35, 37
H,; g latent heat of evaporation (M T—3). See tables S7, S8, S9, S11, S23, S24. 27, 32, 33, 36, 48, 49
H, ., latent heat of sublimation (M T~3). See tables S7, S11. 32, 36
320 H),, latent heat of melt (M T—2). See tables S8, S12. 33, 37
H s ice latent heat of ice (M T-3). See table S12. 37
H,. sensible heat flux (M T—3). See tables S10,S12. 35, 37
H,, snow heat content (M T—3). See table S12. 37
Hy,; snow heat content of layer i (M T~3). See table S12. 37
325 H,, soil heat flux density (M T—3). See table S2. 27
H,,r1 reciprocal areal heat capacity of the top soil layer (M T~3). See table S12. 37
Hs,; specific heat capacity of layer i (M L? T~2). See table S13. 38
H,,, total surface heat capacity (M L? T~2). See table S12. 37
¢ number of element or layer or space index (unitless). See tables S8, S12, S19. 33, 37, 44
330 igg growing-season index (unitless). See table S7. 32
1o initial intercepted canopy snow load (unitless). See table S9. 34
1., interception capacity (L). See table S3. 29
7 weighting parameter that varies between 0 and 1. See table S52. 77
Jeie, A ints,; Water abstraction intensity of powerplant 7. See table S75. 100
335 Jeie,cons,ints,i Water consumption intensity of powerplant ¢. See table S76. 101
Jeie,co0,i cooling system of powerplant . See tables S75, S76. 100, 101
Jete,pt,s plant type of powerplant ¢. See tables S75, S76. 100, 101
Jele,prod,i; thermal electricity production of powerplant i (MWh T—1). See tables S75, S76. 100, 101
k soil hydraulic conductivity (L T—1). See tables S13, S14, S21, S25, S27, S28. 38, 39, 46, 50, 52, 53

340 k35, hydraulic conductivity from the third soil layer to the deeper soil (L T—1). See tables S27, S28, S30. 52, 53, 55
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345

350

355

360

365

370

kqq hydraulic conductivity of the layer containing the water table (unitless). See table S30. 55
kyo¢ hydraulic conductivity of the bottom soil with free gravitational drainage (L. T~1). See table S31. 56
k; hydraulic conductivity at the interface j (unitless). See table S25. 50

k;, recession coefficient of the saturated/groundwater storage, producing baseflow /groundwater runoff (T~!). See table S31.
56

ko recession coefficient of the unsaturated zone storage, upper outlet for fast interflow (T~!). See table $26. 51
k1 recession coefficient of the unsaturated zone reservoir, lower outlet for slow interflow (T—1). See table $26. 51

k.. recession coefficient of the unsaturated zone reservoir to the saturated/groundwater reservoir (groundwater recharge /
percolation ) (T~1). See table S30. 55

ksqt effective saturated hydraulic conductivity (unitless). See tables S13, S25, S28. 38, 50, 53

k9%, saturated hydraulic conductivity for groundwater (unitless). See table S31. 56

kip, thermal conductivity (unitless). See table S13. 38

Ky generatio ratio for interflow (unitless). See table S26. 51

Ky generatio ratio for overflow of the uppermost layer, i.e. the Horton runoff (unitless). See table S22. 47
lg distance between centers of neighboring grid cells (L). See table S46. 71

lg,ri distance between centers of neighboring grid cells, in river flow direction (L). See table S42. 67
l-; length of river sections (L). See tables S45, S46. 24, 70, 71

lyi hom length of homogeneous rivers segments (L). See table S46. 71

LAT leaf area index (I L™1). See tables S4, S5, S6, S7, S9, S49. 29-32, 34, 73-76

LAIL,q, maximum leaf area index (L L~1). See table S7. 32

LAI,,;, minimum leaf area index (L. L™1). See table S7. 32

LA, on:n leaf area index of monthly vegetation (unitless). See table S7. 32

LC' land cover (unitless). See table S19. 44

M snowmelt, water that changes from solid to liquid (L3 L=2T~1). See tables S8, S11, S12, S14, S20, S21, S25, S39. 33, 36,
37, 39, 45, 46, 50, 64

M., snowmelt on canopy (L2 L =2 T~1). See table S9. 34

M; snowmelt of layer i (L3 L=2T~1). See table S12. 37

M, flow of liquid water into layer 7 from the layer above (L3 L=2 T~1!). See table S8. 33
M,,; flow of liquid water out of layer i to the layer below (L3 L=2 T—1). See table S8. 33

M,o¢ potential snowmelt, amount of water that could change from solid to liquid independent of snow storage state
(L3 L=2T~1). See tables S8, S12. 33, 37
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375

380

385

390

395

400

Msg, snowmelt in a subgrid cell Miiller Schmied et al. [34] (L3 L=2 T—!). See table S8. 33

M, snowmelt at the time ¢ (L3 L=2T~1). See table S12. 37

Mynderca Snowmelt under canopy (L3 L=2 T-1). See table S10. 35

n linear reservoir cascade index (unitless). See table S46. 71

NR net radiation flux (M L2 T—3). See tables S2, S10, S12. 27, 35, 37

NR,, net radiation at crop surface (M J L2 T~1!). See table S2. 27

P, relative amount of convective precipitation (L? L=2 T~1). See table S21. 46

P, drip, dripping of water at the edge of the canopy (L3 L.=2 T—1). See tables S5, S9. 30, 34
Py, dripping of rain at the edge of the canopy(L® L=2 T~!). See table S5. 30

Py, s dripping of snow at the edge of the canopy (L? L=2 T~!). See tables S5, S9. 30, 34

P,y effective precipitation reaching the soil surface (L3 L=2 T~1). See table S57. 82

Py, total precipitation falls directly to the ground (snow or soil surface) (L3 L=2 T1). See table S6. 31
Py, rainfall falls directly to the ground (L3 L=2 T~1!). See table S6. 31

Pyt catm rainfall falling to the ground in calm areas (L3 L=2 T—!). See table S4. 29
Pyy1.stormy rainfall falling to the ground in stormy areas (L3 L=2 T~1). See table S4. 29

Py, s snowfall falls directly to the ground (L3 L=2 T-1). See tables S6, S10. 31, 35

Py s catm snowfall falling to the ground in calm areas (L3 L=2 T~!). See table S4. 29

Py s, stormy snowfall falling to the ground in stormy areas (L3 L=2 T—1). See table S4. 29

P;,; precipitation intercepted by canopy (L2 L=2 T~!). See tables S4, S7, S3. 28-30, 32

Pyt interception of rainfall by canopy (L3 L=2 T—1). See tables S3, S4, S5, S10. 28-30, 35
Pint 1.caim interception of rainfall by canopy in calm areas (L® L=2 T~1). See table S4. 29
Pint,1 stormy interception of rainfall by canopy in stormy areas (L3 L=2 T~1). See table S4. 29
Pint,mas calibration parameter of the canopy storage (L). See table S49. 75

Pint.s interception of snowfall by canopy (L? L~=2 T—1). See tables S3, S4, S5, S9. 28-30, 34
Pint s.caim interception of snowfall by canopy in calm areas (L3 L=2 T~1). See table S4. 29
Pint s.stormy interception of snowfall by canopy in stormy areas (L* L=2 T—!). See table S4. 29
P, rainfall (2 L=2 T—1). See tables S4, S5, S6, S8, S9, S12, S20, S25, $39. 29-31, 33, 37, 45, 50, 64
Prican.c grid cell average precipitation (L L=2 T—1). See tables S5, S6. 30, 31

P,,, snowfall (I8 L=2 T—1). See tables S4, S5, S6, S9, S12. 29-31, 33, 34

P .o snowfall that is affected by the canopy interception and dripping (L3 L=2 T~1). See table S8. 33
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405

410

415

420

425

430

435

P; s, snowfall in a subgrid (SG) cell Miiller Schmied et al. [34] (L3 L=2 T—1). See table S8. 33

Py, throughfall, total precipitation falls to the ground through canopy spaces (L® L=2 T~!). See tables S3, S5, S8, S9, S12,
S14, S20, S21, S22, S25, S30. 28, 30, 33, 34, 37, 39, 45-47, 50, 55

Py, rainfall falls to the ground through canopy spaces (L3 L=2 T~1). See tables S3, S5. 28, 30
Py, s snowfall falls to the ground through canopy spaces (L3 L=2 T~1). See tables S3, S5. 28, 30

P,,; total precipitation which includes rainfall and snowfall (L3 L=2 T—1). See tables S3, S4, S5, S7, S8, S9, S10, S20, S21,
S25, S32, S33, S35, S38, S39, S47. 28-30, 32-35, 39, 45, 46, 50, 57, 58, 60, 63, 64, 72

PAR photosynthetically active radiation. It is assumed to be 50% of shortwave incoming solar radiation (M L2 T~3). See
table S2. 27

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. 217,
32,36, 48, 49, 58, 63, 66, 72,77, 82

PET' overall PET flux reduced by canopy evaporation and evaporation from open-surface-bodies (L? L~2 T~1). See table
S24.49

PET,, total amount of water from transpiration, evaporation from the impervious areas, defined here as open water storage
(L3 L=2 T1). See tables S20, S24. 45, 49

PFT plant functional type (unitless). See tables S48, S49. 73, 74

POP population within the gridcell. See tables S59, S62. 84, 87

POP,;, ; livestock type specific animal population within the gridcell. See table S68. 93

POP,, urban population within the gridcell. See tables S69, S70, S71, S72, S73, S74. 94-99

POPY urban population of a country. See tables S69, S70, S71, S72, S73, S74. 94-99

q specific humidity of near-surface air (M M~1). See tables S2, S7, S11, S23, S24. 27, 32, 36, 48, 49
qgr specific humidity at ground surface (M M™1). See tables S2, S23. 27, 48

qss, saturated specific humidity at canopy temperature (M M~1). See tables S7, S11, S23, S24. 32, 36, 48, 49
qg;t saturated specific humidity at ground surface (M M~1). See tables S2, S11, S24. 27, 36, 49
q?7*" saturated specific humidity at ground surface with snow (M M~1). See table S11. 36

q:", saturated specific humidity at snow (M M~1). See table S7. 32

gso relative humidity of the soil pore space (M M™1). See table S24. 49

s relative humidity at the near-surface (M M ') dimensions. See table S11. 36

Q. environmental flow (L® T~1). See tables S35, $56, S62, S72, S75. 60

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. 39

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. 39
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440

445

450

455

460

465

Qin.so soil moisture flux (L3 T—1). See table S13. 38
Qin,sury surface moisture flux remaining after surface runoft has been removed (L3 T—1). See table S25. 50

Qi,, inflow upstream of a grid cell (L2 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. 57, 60, 68, 70, 71, 79-82, 8488, 90-98

Qiw.1o mean total annual inflow in a lake (L2 T~1). See tables S34, S43. 59, 68

Qiu.mean mean annual inflow in a reservoir (L3 T~1). See table S37. 62

Qiu.re inflow reservoir (L3 T~1). See tables S35, S37, S43. 60, 62, 68

Qiu.tot,re mean total annual inflow in a reservoir (L3 T~1). See table S37. 62

Qiu,we,up inflow from the wetland of an upstream grid cell (L3 T~1). See tables S39, S40, S45. 64, 65, 70
Q1o outflow from a lake (L T—1). See tables S32, S34, S43. 57, 59, 60

Q1a,globar outflow from a global lake (L3 T~1). See tables S32, S34, S39. 57, 59, 64

Q1a,l0car outflow from a local lake (L3 T~1). See tables S32, S34, S39. 57, 59, 64

Qmmean outflow mean (L2 T~1). See table S35. 60

Qoq outflow downstream of a grid cell (L®). See table S43. 68

Qrv,up outflow from rivulet storage of upstream grid cells (L® T~1). See tables S40, S45. 65, 70
Qpy preferential flow (L3 T—1). See tables S21, S$29, S30. 46, 54, 55

Qe outflow from a local reservoir that flows directly into the river channel of the cell (L3 T—1). See tables S35, S37, S39,
S43, S46. 60, 62, 64, 68, 71

irr . outflow from a irrigation reservoir driven by water demand in downstream cells (L3T ). See table S37. 62

Qre.globar Outflow from a global reservoir (L* T~1). See table S37. 62

Qi y1opar Outflow from a global reservoir designed for irrigation (L* T~). See table S37. 62

Qn(m—irr

re.globar OUtflow from a global reservoir designed for other purposes than irrigation (L3 T1). See table S37. 62

purpose

re.globar OUtflow from a global reservoir for irrigation or others purposes (L3 T~1). See table S37. 62

Qre,mean long-term mean outflow from a reservoir (L3 T~1). See table S37. 62
Qre.min minimum outflow from reservoir (L? T~1). See table S37. 62

Qre.na non-damaging outflow from reservoir (L? T~1). See table $37. 62

Qrenorm normal outflow from reservoir (L3 T~1). See table S37. 62

Qre,locar outflow from a local reservoir (L3 T~1). See tables S43, S37, S46. 60, 62, 71
Q; streamflow (L3). See tables S35, S43, S45, S46. 60, 68, 70, 71

Qriin streamflow inflow (L3 T—1). See tables S32, S35, S46. 57, 60, 71
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Qrin outflow of river storage cascade n (L3 T~1). See table S43. 68
Qrin—1 outflow of prior river storage cascade n — 1 (L3 T—1). See table S43. 68
Qriout streamflow outflow (L3 T~1). See tables S32, S35, S46. 57, 60, 71
Qriup streamflow from the upstream grid cell (L3 T~1). See tables S40, S45. 65, 70
470 Qe outflow from wetland (L3 T~1). See tables S39, S42. 64, 67
Quwe,globar outflow from a global wetland (L3 T—1). See tables S39, S42, S43. 64, 67, 68
Que,locar outflow from a local wetland (L3 T—1). See tables S32, S35, S39, S42. 57, 60, 64, 67
rp bulk canopy resistance (T L—1). See tables S7, S11, S23. 32, 36, 48

Teq Vegetation or canopy aerodynamic resistance (T L~1; for Mac-PDM.20 cms~1). See tables S2, S7, S11, S23. 27, 32, 36,
475 48

Tca,dry aerodynamic resistance of the dry leaves (T L~1). See table S23. 48
T floodplain floodplain resistance (unitless). See tables S11, S24. 36, 49
r, architectural resistance (T L1). See tables S7, S23. 32, 48
rsn SNOW resistance (unitless). See tables S7, S11, S23, S24. 32, 36, 48, 49
480 r,, bare soil resistance (T L~1). See tables S11, S24. 36, 49
T4o¢ total resistance to water vapor transfer from the canopy to the canopy air (T L~1) . See table S7. 32
Ty aerodynamic resistance (T L~!; for Mac-PDM.20 cms™—1). See tables S2, S7, S23. 27, 32, 48
Twea aerodynamic resistance under canopy air space (T L~!). See tables S11, S24. 49
Ry runoff 0 (L3 L=2 T~1). See table S20. 45
485 Ry runoff 1 (L3 L=2 T~1). See table S20. 45
Ry runoff 2 (L3 L=2 T—1). See table S20. 45
Ry, immediate runoff in urban areas (L3 L=2 T~1). See table S18. 43
R, capillary rise (L3 L=2 T~!). See tables S14, S26, $28, S29, S30. 39, 51, 53-55

Rer mar, maximum capillary rise in a cell fraction, depending on height of ground water table and relative elevation of grid
490 (L3 L72 T71). See table S28. 53

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. 44, 69

Rgi we,ia liquid runoff from glaciers, wetlands, and lakes / is this a part of saturation excess flow? (M L=2 T-1). See table
S20. 45

495 R, groundwater runoff, outflow of the groundwater storage (L3 L=2 T~'). See tables S14, $29, S30, S31, S32, S43, S54,
S55, S56, S57, S59, S60, S61, S62, S63, S65, S66, S67, S68, S69, S70, S71, S72, S73. 39, 42, 43, 54-57, 68, 79-82,
84-88, 90-98
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500

505

510

515

520

525

530

RYi, groundwater runoff which recharges rivers (L® L =2 T~1). See table S43. 68

Rgw,maz Maximum drainage when the water table depth is at the surface (L3 L=2 T1). See table S31. 56
Rgw,rout groundwater routing parameter for Mac-PDM.20 (unitless). See table S31. 56

Ry ,up groundwater runoff from the upstream grid cell (L3 L=2 T—1). See tables S40, S45. 65, 70

Ry groundwater recharge (L3 L=2 T1). See tables S14, S20, S29, S30, S54. 39, 42, 45, 54, 55

R;’u”,lj, groundwater recharge below surface water bodies (L3 L2 T~1). See tables S32, S35, S39. 57, 60, 64
Ry groundwater recharge in layer ¢ (L? L=2 T—!). See table S14. 39

Rgwri—1 groundwater recharge in layer 7 — 1 (L3 L=2 T-1). See table S14. 39

Rgwr,maz maximum groundwater recharge (L3 L=2 T~1). See tables S30, S39. 55, 64

R guwr,min minimum groundwater recharge (L3 L=2 T~1). See table S27. 55

¢ Tunoff 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 (L3 L=2 T—1). See table S19. 44

R, runoff concentration in a grid cell of the first time step (L3 L=2 T~1). See table S44. 69

Rp, 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. 45, 46, 50

Rho.calm hortonian overland flow in calm areas (L3 L=2 T~1). See table S21. 46
Rho stormy hortonian overland flow in stormy areas (L3 L=2 T—1). See table S21. 46

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 (L3 L=2 T~1). See tables S14, S17, S20, S26, S43. 39, 42, 45, 51, 68

Ri¢ 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. 42, 43, 51

Rif.maz maximum subsurface flow (L3 L=2 T~1). See table S31. 42

R;f s10w slow interflow from the unsaturated storage (L2 L=2 T~1). This does not flow from the soil storage. See tables S17,
S18, S26. 42,43, 51

R;,, infiltration (L3 L=2 T—!). See tables S8, S10, S14, S20, S18, S21, S25, S27, S57. 33, 35, 39, 43, 45, 46, 50, 52, 82
Rin o corresponding point infiltration capacity (L? L=2 T~!). See tables S20, S24. 45, 49

R;y, g1, infiltration from the base layer (BL) (L® L=2 T—1). See table S30. 55

Rin cum cumulative infiltration (L3 L2 T-1). See table S25. 50

Ry i infiltration in layer ¢ (L3 L=2 T~ 1). See tables S8, S14, $20, S25. 33, 39, 45, 50

Rini—1 infiltration in layer i — 1 (L3 L=2 T~!). See tables S8, $25. 33, 50

Rip, 1, infiltration from layer (L) (L3 L=2 T~1). See table S26. 51
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535

540

545

550

555

560

565

Rin.maz infiltration capacity or the maximum rate of infiltration (L® L=2 T~!). See tables S20, S21, S24, S25. 45, 46, 49, 50
Rin over—so infiltration over soil covered cell fraction (L3 L=2 T~1). See table S25. 50

Rin pot potential infiltration (L3 L=2 T—1). See table S25. 50

Rin ., re-infiltration (L3 L=2 T~1). See table S14. 39

Rin sqt infiltration at saturation level (L3 L=2 T~1). See table S26. 51

Rjp, 1, infiltration from the top soil layer (TL) (L3 L=2 T—1). See table S20. 45

R,y runoff induced by the over saturation at the surface / is this similar to saturation excess flow (L3 L=2 T~1). See table S20,
S56. 45, 81

Ry percolation or drainage, infiltrated water into the soil that runs off toward the groundwater storage (L® L=2 T~!). See
tables S14, S18, S25, S26, S27, S29, S30, S39. 39, 50-52, 54, 55, 64

Ry n2osfe bottom drainage from the surface water store (L3 L=2 T~1). See table S25. 50

R, water that leaves the surface layer (topsoil layer) e.g. as overland flow / fast runoff in ISIMIP2b (L? L.=2 T~1!). See table
S16. 40, 41

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—1!). See tables S20, S18, S22, S25. 43, 45, 47, 50

Rgp 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. 40, 42

R, snow runoff, melted water that runs off on the ground surface covered with snow (L3 L2 T~1). See table S12. 37
Ronwep,ice ice runoff from snow-capped surfaces / is this a part of saturation excess flow (M L=2 T~1). See table S20. 45
Ryo¢,i infiltration from soil layer ¢ (L3 L=2 T—1). See table S14. 39

Rsof,i—1 infiltration from soil layer i — 1 (L3 L2 T~1). See table S8. 39

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. 39, 41, 43, 45, 47, 50, 57, 68, 69, 71

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. 45

Ry, liquid water runoff at the land model resolution / is this the saturation excess flow (M L=2 T~1). See tables S20, S43.
45, 68

R

surc.p Tunoff 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 (L3 L=2 T~1). See tables S19, S44. 44, 69

Ry, total runoff from land includes surface runoff, subsurface runoff, and groundwater recharge (L2 L2 T—1). See tables
S14, S20, S18, S30, S35, S37, S43, S46. 39, 43, 45, 55, 60, 62, 68, 71

Riot,1s1m1p2y total runoff ISIMIP2Db, it includes surface runoff and subsurface runoff (L3 L2 T-1). See table S15. 40

s,; river bed slope (L L™!). See table S46. 71
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570

575

580

585

590

595

Sup,sat slope of saturated vapour pressure (M L~! T=2 ©71). See table S2. 27
Swe,mean Mean slope within wetland (L). See table S42. 67
Spuy storage buffer (L3 L2 T-1). See table S57. 82

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. 28-30, 32, 45, 48, 51

Sca,dis the difference between the canopy storage capacity and the water stored on the canopy (L3 L™2). See table S5. 30
Scaint canopy compartment that retains water after precipitation is intercepted by canopy (L? L~2). See table S5. 30

Sca, canopy compartment that retains rainfall and loses water through throughfall, stemflow and evaporation (L3 L~2). See
tables S3, S4, S5. 28-30

Seca,maz Maximum value of canopy storage compartment (L2 L~2). See tables S4, S5, S7, S20, S23, S49, S51. 29, 30, 32, 45,
48,74, 76

Seca,min, Minimum value of canopy storage compartment (L3 L~2). See table S49. 74
Seca,p interception storage parameter (unitless). See tableS49. 74

Sca,s canopy compartment that retains snowfall and loses water through throughfall, stemflow and sublimation (L L=2). See
tables S3, S4, S5. 28-30

Scons conservative storage limit (unitless). See table S37. 62

S storage of the fast response reservoir (L3 T—1). See table S22, S26. 47, 51

S'ti1004 flood storage limit (unitless). See table S37. 62

St specified threshold of the fast response reservoir (L3 T~1). See table S22. 47

Sy groundwater storage (L2 L=2). See tables S29, S31, S53. 54, 56, 78

Sgw,nrw groundwater storage non-renewable (L3 L~2). See table S29. 54

Sgw,rw groundwater storage renewable (L3 L2). See tables S29, S31, S53, S59, S69. 54, 56, 78, 84, 94
S; storage of i element = overland, baseflow, river or wetland (unitless). See table S52. 77

Sice ice storage (L3 L™2). See table S12. 37

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. 36
Sy, lake storage (L2 L™2). See tables S32, S33, S34, S47. 57-59, 72

Sia,giobar global lake storage (L L™2). See tables S32, S34. 57, 59

Sia,giobal,max Maximum global lake storage (L® L~2). See tables S32, S49. 57, 76

Sla.locar local lake storage (L3 L=2). See tables S32, S34. 57, 59

Sla.local,maz Maximum local lake storage (L3 L=2). See tables $32, S34, $49. 57, 59, 76

Sla,maz Maximum amount of water in the lake storage (L3 L=2). See table S34. 59
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600

605

610

615

620

625

Sl sn.i+1 liquid water stored in the upper snow layer (i + 1), i is snow layer index (L3 L~2). See table S11. 36
Snorm normal storage limit (unitless). See table S37. 62

Spaddy storage of flooded paddy rice (L3 L=2). See table S22. 81

Spon ponding storage (sealed areas) (L3 L=2). See table S20, S24. 45, 49

Spon,maez Maximum ponding zone storage (L). See tables S20, S24. 45, 49

Sre reservoir storage (L3 L—2). See tables S35, S37, S38. 60, 62, 63

Sre,act actual reservoir storage (L3). See table S35. 60

Sre,c Teservoir storage capacity (L3). See tables S35, S37, S49. 60, 62, 76

Sre,global global reservoir storage (L3 L=2). See tables S35, S43. 62, 68

Spurpose

re.global SlObal reservoir storage for irrigation or others purposes (L3 L™2). See table S37. 62

Sre.locar local reservoir storage (L2 L™2). See table S37. 62

Sre,maz Maximum water amount of reservoir storage (L3 L~2). See tables S35, S37. 60, 62

S,.; river storage (L3 L—2). See tables S43, S45, S46. 68, 70, 71

Srin state of the nt? cascade in the river storage (L3 L~2). See tables S43, S46, S56. 68, 71, 81

S,., rivulet storage that collects water of small creeks, streams. (L3 L™2). See tables S19, S44. 44, 69
S, toot zone water storage (L3 L—?2). See tables S7, S18, S24. 32, 43, 49

Syz,maz Maximum root zone water storage or root zone storage capacity (L3 L~2). See tables S7, S18, S24, S51. 32, 43, 49,
76

Ssn Snow storage, compartment that accumulates snow below freezing temperature and loses snow by melting and sublimation
(L3 L2). See tables S8, S11, S12. 33, 36, 37

Ssoc compartment that accumulates snow on canopy below freezing temperature and loses snow by melting and sublimation
(L3 L—2). See tables S9, S10. 34, 35

Sen,: snow storage of layer ¢ (L3 L=2). See table S12. 37

Sen,: number of snow layers 4 (unitless). See tables S8,512. 33, 37

Sen,ice frozen water content in snow storage (L3 L=2). See table S8. 33

Sen, liquid water content in snow storage (L3 L=2). See tables S8, S12. 33, 37

Sen,sa; subcompartment that accumulates snow in subgrid cells below freezing temperature and loses snow by melting and
sublimation Miiller Schmied et al. [34] (1% L—2). See table S12. 37

Ssue compartment that accumulates snow under canopy below freezing temperature and loses snow by melting and sublima-
tion (L3 L—2). See table S10. 35

Sso soil water storage compartment (L3 L=2). See tables S14, S20, S18, S22, S23, S24, S27, S30, S49, S57. 27, 39, 43, 45,
4749, 55, 76, 82
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Sso,31, soil moisture or soil water content for the third layer (3L) (L3). See table S27. 42

630 Sso,crit critical volumetric soil moisture concentration that corresponds to a critical water suction potential (L3 L72). See
tables S23, S24, S57. 48, 49, 82

Sso,r, frozen soil water or frozen soil moisture at layer index % (L3 L=2). See tables S14, S29. 39, 54

Sso,rc soil water content at field capacity (FC) (L3 L~2). See tables S2, S20, S23, S24, S25, S30, S57. 27, 45, 48-50, 52, 55,
82

635 Sso 1 soil water content in first layer (FL) (L L™2). See table S24. 49
Sso,; soil storage in layer i (L3 L~2). See tables S14, S24, S25. 39, 49, 50
Sso.in: initial soil water content or soil moisture (L3 L=2). See table S25. 50
Sso.1.i liquid soil storage in layer i (L L=2). See table S14. 39
Sso,maz Maximum soil storage (L3 L=2). See tables S20, S23, S24, S30. 45, 48, 49, 55
640 Sso pot potential soil water content or soil moisture (L3 L=2). See table S25. 50
Sso,maz,31, Maximum soil moisture or soil water content of the third soil layer (3L) (L). See tables S17, S30. 42, 55
Sso,ready Teady available soil water content (L3 L2). See table S57. 82
Sso,rel relative soil water content or soil moisture (L3 L=2). See tables S21, S23, S24, S25. 46, 48-50
Sso.sG subgrid soil storage (L3 L™2). See table S20. 45
645 Ss.5G.min Minimum subgrid soil moisture storage (L3 L=2). See table S20. 45
Ss0.5G.max Maximum subgrid soil moisture storage (L L~2). See table S20. 45
Sso.sat s0il water content at saturation (SAT) (L3 L=2). See tables S21, S25, S26, S28, S30, S57. 46, 50-53, 55, 77, 82
Sso.sat.i Soil water content at saturation in top layer (L? L~2). See table $25. 50
Sso,sat,p SOil water content at saturation parameter (unitless). See tables S49, S50. 74, 75
650 S50 721, Volumetric soil moisture content or soil storage for the top two layers (T2L) (L3). See tables S20, S57. 45, 82
Sso,rr total available water capacity for the top soil layer (L3 L1 L~2). See tables S18, S22, S49. 43, 47, 75
Sso,cur current soil water content or current soil moisture (L3 L=2). See table S52. 77

Ssotor total soil water content or total soil moisture (L3 L=2). See tables S20, S21, S23, S24, S25, S26, S28, S30. 45, 46,
48-51, 53, 55

655 Ssour unfrozen soil water or unfrozen soil moisture (L3 L—2). See table S14. 38
Sso,ur; unfrozen soil water or unfrozen soil moisture at layer index ¢ (L3 L—2). See tables S14, S$29. 39, 54
Sso,uF;. ,,, unfrozen soil water or unfrozen soil moisture at the layer ¢ that has groundwater table (L3 L™2). See table S30. 55

Sso,wp soil water content at wilting point (WP) (L3 L=2). See tables S20, S21, $23, S25, $26, S30, S52, S57. 45, 46, 48, 50,
51, 55,77, 82
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660

665

670

675

680

685

690

Sso.r frozen soil water or frozen soil moisture (L? L=2). See table S14. 38
Sio¢ total reservoir storage capacity (L?). See table S37. 62

Su» unsaturated zone storage (L3 L=2), with two possible outflows: fast interflow and slow interflow. See tables S26, S30. 51,
55

Suz,thr threshold for the unsaturated zone storage (L) which triggers fast interflow. See table S26. 51
Sw,first the water storage at the beginning of the year (L3 L=2). See table S37. 62

Swe wetland storage, compartment filled by precipitation or inflow and emptied by evapo(transpi)ration, outflow and ground-
water recharge (L2 L—2). See tables S39, S42, S56. 64, 67, 81

Swe,globar global wetland storage (L L2). See tables S39, S42. 64, 67

Swe,global,maz Maximum global wetland storage (L L™2). See tables S39, S49. 64, 76

Swe.local local wetland storage (L3 L=2). See tables S39, S42. 64, 67

Swe.local,maz Maximum local wetland storage (L3 L=2). See tables S39, S42, S49. 64, 67, 76

S, specific yield depending on soil properties and water table location (M L™1). See table S29. 54
SAI exposed stem area index (unitless). See tables S4, S6. 29, 31

SR incoming solar radiation (M T~2). See table S2. 27

SW E snow water equivalent (L3 L2 T—1). See tables S10, S13. 35, 38

t time (T). See tables S3, S7, S8, S9, S10, S11, S13, S14, S19, S25, S29, S31, S32, S34, S35, S39, S43, S44, S46. 28, 32-36,
38, 39, 44, 45, 50, 54, 56, 57, 59, 60, 64, 68, 69, 71

tret topographic index of the retention time (L). See tables S43, S45, S46. 68, 70, 71

tri, fast property of the fast reservoir (25 T L~1). See table S43. 68

tri slow property of the slow reservoir (3 T L~1). See table S43. 68

tri stream property of the stream reservoir (0.24 T L—1). See tables S43, S45, S46. 68, 70, 71
twe lag time for outflow computation of the wetland storage (T). See table S42. 67

tday day of year (L). See table S12. 37

tyear Number of days in the actual year (L). See tables S2, S12. 27, 37

tri, triangular function (unitless). See table S19. 44

T transpiration, water evaporated by plants through their stomata (L3 L=2T71). See tables S1, S14, $23, S25, S52. 26, 39,
48, 50, 77

Tue: actual transpiration, the initial water evaporated by plants through their stomata (L2 L=2 T—1). See table S23. 48
Tsmcov transpiration of snow-covered canopy (L3 L =2 T~1). See table S23. 48

Tsm-free transpiration of snow-free canopy (L? L~2 T1). See table $23. 48
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695

700

705

710

715

720

T; water removed by transpiration in each layer i (L3 L=2 T~!). See table S14. 39
Tnae maximum transpiration (L3 L2 T~ 1). See table S23. 48

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. 48

Uca.sn canopy snow unloading from wind speed and above-freezing temperatures (L3 L=2 T~1). See table S9. 34
v flow velocity (L T—1). See tables S45, S46. 70, 71

Umean mean flow velocity (L T~1). See table S46. 71

W wind speed (L T~!). See tables S2, S7, S11, S23, S24. 27, 32, 36, 48, 49

W, wind speed at 2m height (L T—1). See tables S2, S23, S24. 27, 48, 49

w,e . balance of surface water (M). See table S25. 50

X irrigation efficiency (unitless). See tables S54, S55, S57. 79, 80, 82

Xconv conveyance efficiency (unitless). See table S57. 82

Xaiom Wwater use efficiency of the domestic sector (unitless). See tables S60, S63. 85, 88
X: evaporation efficiency (unitless). See table S2. 27

X,na water use efficiency of the industrial sector (unitless). See tables S70, S73. 95, 98
z gravitational potential (M L~ T~2). See table S13. 38

Z vertical coordinate (L). See table S28. 53

Z., matric head induced by capillary action (L). See table S28. 53

« empirical parameter (unitless). See tables S13, S24, S25, S46, S52. 38, 49, 50, 71, 77

[ empirical shape parameter. It needs to be fitted during the calibration processes (unitless). See tables S13, S18, S21, S24,
S25, S31, S46. 38, 43, 46, 49, 50, 56, 71

7 psychrometric constant. See tables S2, S7, S11, S23, S24. 27, 32, 36, 48, 49
A, root zone soil moisture stress parameter (unitless). See table S7. 32
I" gamma function (unitless). See tables S31, S46. 56, 71

0 time variation (unitless). See tables S3, S8, S9, S10, S11, S12, S13, S14, S20, S24, S25, S28, S29, S30, S32, S35, S39, S$43,
S44, 545, S46. 28, 33-35, 37-39, 45, 49, 50, 53-55, 57, 60, 64, 68—71

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,
S69. 29, 30, 32-38, 45, 50, 52, 55, 59, 62, 70, 71, 77, 78, 84, 94

€. empirical constant (17.8), found by calibration [25] (unitless). See table S2. 27
Csn snow layer thickness of layer j (12 L=2). See table S12. 37
Cso,i soil layer thickness of layer 7 (L). See table S13, S52. 38, 77
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725

730

735

740

745

750

n parameter (unitless). See table S31. 56

0 air temperature (©). Note: in the equations, air temperature is in Kelvin degrees. See tables S2, S7, S8, S9, S10, S11, S12,
S25. 217, 32-35, 37, 50

Oday,max daily maximum air temperature (©). See table S2. 27
Oday,mean daily mean air temperature (©). See table S2. 27
Oday,min daily minimum air temperature (©). See table S2. 27
0y triple point temperature for water ©). See table S12. 37
Ofreeze freezing temperature (©). See table S12. 37

0 min, minimum air temperature (©). See table S7. 32

0 montsr, mean monthly air temperature (©). See table S2. 27

0y air temperature above 0 (O). See tables S8, S12. 33, 37

05y, snow temperature (O). See table S12. 37

Os,.i snow temperature of layer ¢ (©). See table S12. 37

05, soil temperature (©). See tables S12, S23, S25. 37, 48, 50
fs0.i soil temperature of soil layer ¢ (©). See table S13. 38
0s0.i+1 soil temperature of soil layer i + 1 (©). See table S13. 38
05, temperature of the surface layer (©). See table S10. 35

05, mean air temperature in a subgrid cell Miiller Schmied et al. [34] (©). See tables S8, S12, S13. 33, 37, 38
fyeq vegetation temperature (©). See table S23. 48

¢ 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. 71

x calibration constant (2.3 x 10%) that approximately compensates for the differences in advection or in vapour transfer effect
[25] (unitless). See tables S2. 27

Kgw retention time for water in the groundwater storage (L). See table S30. 56

Ko retention time for water in the overland flow storage (L). See table S44. 44

Kr; retention time for water in the river flow storage (L). See tables S43, S46. 68, 71

A water distribution uniformity scalar, depending on the irrigation system. See table S57. 82
v decay coefficient (T'). See table S13. 38

IIr, infiltration shape parameter (unitless). See tables S20, S24. 45, 49

in

Pair density of atmospheric air (M L3). See tables S2, S7, S11, S23, S24. 27, 32, 36, 48, 49

Pice intrinsic density of ice (M L—3). See table S12. 37
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755

760

765

770

775

psn.i snow density of layer i (M L~2). See table S12. 37

pw density water (M L—3). See tables S8, S9, S10, S11. 33, 35, 36, 77

o subgrid topographical variability (unitless). See table S20. 45

7 time constant (T). See table S25. 50

v scale parameter (unitless). See tables S31, S24. 49, 56

¢q,; simulated actual soil moisture content of layer ¢ (L3 L=3). See tables S52, S56. 77, 81

®min,; Minimum soil moisture content of layer ¢ that results in no water stress in that layer (L3 L—3). See table S56. 81
¢,; residual soil moisture content of layer ¢ (L3 L=3) See tables S24, S25. 49, 50

¢s,; maximum soil moisture content of layer ¢ (L3 L=3) See table S25. 50, 75, 81

0so soil porosity (L®). See tables S13, S20, S22. 38, 45, 77

¢+,; target soil moisture content of layer ¢ (L3 L=3). See tables S52, S56. 77, 81

®w,i soil moisture limit above which the actual transpiration is equated with the PET at layer ¢ (L3 L™3). See table S24. 49
X constant, energy needed to melt ice (M L=2 T2 L—3). See table S12. 37

xs energy of fusion (M L? T3 L™2). See table S12. 37

X energy flux given to the pack because of liquid water refreezing or removed from the pack during melt (M L2 T2 L—3),
See tables S8, S10. 33, 35

Xrs energy flux advected to the snowpack by rain or snow (M L~2 T—2 L.=3). See tables S10, S12. 35, 37
Xto total energy (M L2 T—2 L.—2). See table S12. 37

U matric potential(M L' T—2). See table S13. 38

U, soil matric potential of layer i (M L~ T—2). See table S28. 53

W, matric potential of the layer directly above the water table (M L~ T—2). See table S30. 55

W, saturated soil matric potential (M L~1 T-2). See table S13. 38

Wyat,; saturated soil matric potential of layer ¢ (M L—! T-2). See table S28. 53

U,,; matric potential at the water table (i.e. 0) (M L~ T—2). See table S30. 55
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Table S1. Actual evapotranspiration AET

Model Equation
CLM4.5 AET = Eeq+ Eso+ T
CLMS.0 AET =Eco + Eso+T
CWatM AET = Eca + Eia + Ere + Eri + Esp + Eso +T
DBH AET =FEco + Eso+T
HO8 AET = E,,
JULES-W1 AET =FEca+ Esn+ Eso+T
LPJmL AET = Eco + Eio + Eve + Eri + Esp + Eso +T
Mac-PDM.20 AET = Eca + Eso
MATSIRO AET = B3P + ES077° + B + Baojice + Eon/ 70"
mHM AET = Eco + ETs0,:
MPI-HM AET = Airr + Eso + Ewe + T
ORCHIDEE AET = Eco + Efioodplain + Esn + Eso
PCR-GLOBWB AET = Eca+ Eta+ Eve + Eri + Eso
N

VIC AET = fean X (Bca+T) + fsopare X Eso

N41 !

for: Z fea,n =1 see details [28]; [29]; [20]

n=1
WaterGAP2 AET = Eca+ Ela+ Ere + Esn + Eso + Ewe
WAYS AET = E,,

26



Table S2. Potential evapotranspiration PET

Model Equation
CLM4.5 not represented
CLMS.0 not represented

_ 0.408 X $up,sat X (NRn — Heo) 4+ v % 220 x W3 X (€sat + €act)

CWatM PET
Sup,sat 77 X (1 +0.34 x Wz)
DBH not represented
air X Tw X e — )5 t
HO8 pET - 1P r (qsit qgr) N SNOw presen
Pair X Tw X (¢n, — qgr) X S gseta)—, snow absence
Where zeta is ¢ in Milly [31].

And X, — 1.0, 0.75 X Sso,rc < Sso
MERet =1 _WxSwa 0754 5, pe > Seo

0.75X S50, FC

0.408 X Sup,sat X (NRn — Hso) +v X 22 x W X (esat + €act)

JULES-W1 PET =
Sup,sat +IX X (1 +0.34 x Wz)
LPJmL PET — Svp,sat % 2x PAR
(Svp,sat +(}}’V>]<%9) " §I1A,E ( )
Syp,sat X n — Hso) + 7 X Cair X (€sat — €sat,dew) X Tw
Mac-PDM.20 PET = 22 )
ac (597.3 — (0 —273.15) x 0.564) X (Svp,sat +7 X (14 722))
MATSIRO pT — %408 X Supsar X (NRn — Hso) +7 % %2 X Wa X (€sat + €act)

Sup,sat + X (1 +0.34 x Wz)
(used only in crop growth scheme)

mHM PET = £ X SR X ((8day,mean — 273.15) + €c) X \/Oday,maz — Oday,min ). See [25]
0.408 X Syp,sat X (NRn — Hso) +7 X 20 x W3 X (€sat + €act)

MPI-HM PET =
Sup,sat + X (1 +0.34 x WQ)

ORCHIDEE PET = pair X Coute X W x (qdy, — q)- See [33]; [31]

€sat
PCR-GLOBWB PET =1 1 216.7 X tyear

X 0165 X 2167 X byear X 558 15) 7 273.3
0.408 X Sup.sat X (NRn — Heo) + Pair X Caip x (Ezatteact)
VIC PET = Tw
s Svp,sat +'Y

WaterGAP2 PET = Cpp x —S:53t o N p

Svp,sat +y

1.26, G =humid
Cpr = . .
1.74, G = arid or semi-arid

4098 0.6108 x exp (112X (8 -273.13)
Svp,sat = (0-35.85)2
_ 0.0016286x101.3

¥ i
_ [2.50140.334(MJ kg™ "), 0 < 273.15 See [13]
"7 ) 2.501 — 0.002361(MJ kg~ 1) x (6 — 273.15), 6> 273.15
WAYS PET — 0.408 X Sup,sat X (NRn — Hso) +v X 22 x W X (esat + €act)

Sup,sat + 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; 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 (OaPtot - (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 a Sm*‘“’f)
mean,G
S ,— S,
Sca,dif _ ca,mzt ca
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 = P;,¢ (all intercepted precipitation is assumed to evaporate)
MATSIRO Eea = (Eca + Eea,s);
where:

Eeat ™ = (1= fon) X fuwis X Hig X pair X Coutk, zi 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 Ssx,

Model Equation Water Flux
Inflows Outflows
fsn X (Psn + (F — Esp))— M, i=Ssn,i+1
CLM4.5 OSsmiice _ X (Pen + ( ) 8= Sani+ Pa Pra Eacw  Bon M Moy,
ot —M, Z:SS’VL,i+27"~-,O F
8Sus | (Fon % (Pra+ (Bacw — Buo)) = Mowt) + M, i = Soni+1
TO | (Min — Mow) + M, i = Soni 42,0
sn X (Psn +(F—Esn))—M, i=S8eni+1
CLM5.0 8smice _ [ fon X (Pon+( ) 8= Sani + Pun Pra Facw Eon M Mo
-M, i =Ssn,i+2,...,0 F
0Sen,i | (fsn X (Pra + (Baew — Eso)) — Mouwt) + M, i=Ssn,;+1
Tt | (Min— Mous) + M, i = Seni 42,0
CWatM g 2;" — P - M-—E,, P M E,,
p P 0<27315
7o, 0 >273.15
68sn
DBH g’t = Piot — Esn — Rin Priot Esn Rin
HOS y gt” =Py — M — Es, Pan M Eq,
JULES-W1 g 5;" = Piot — M — Es, Py for M Eqn
0<273.15
LPImL Sn _ [Sen—Pin = M = Een, 0<273.15 - M
ot Sin— M — Een, 0>273.15
Piot, 1
MacPDM20  03n _p g, = Dot 0 <0u Pan M
ot 0, 0>0nm
MATSIRO 5?‘;” =Pica—Esn—M+F P F Eg M
Piot, 1
mHM 0 _p pp,, =P 0<0u Pun M
ot 0, 0>0um
MPLEM 8Ssn _ 8Semice | 8Ssn. P F o
5gt 5t 5t
snice _p g
o 5 n +
sn,l
TS = My~ M~ F
g [Sna 6<27315
o, 0> 273.15
ORCHIDEE 6Ssn.i _ Psp+ Pro — Rini — M i — Esn, 1= P, Pou Rini M Esn
6t Rin,i—1 — Rin,i — M, i=2,3
See [53]
0Ssn
PCR-GLOBWB =Pwm—M Pun M
viC Bont _p oy (M _xu__ ) n Pra Pan H Hip
ot pw X Hig  pwx Hy H
6Ssn.i H, X xm Har
onice _ , At See 2
ot +<Pw><HL,E prHM> X ce 2]
5S 1 100
WaterGAP2 mo P.sa, — Msg, — Ean s P, M, E.,
aterG o 100 = ;( 5G; 5G; sn,5G;) s s
Piot, Osa; <273.15
Ps sq;, =
0, other
5San
WAYS S =Pa M P, M
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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 5?;;00 = Pint,s — (Par,s — Uca,sn) X At — Eipom X At Pint.s Eifsm Uca,sn
Par,s
CWatM not represented
BH et Py Pa— ., Prot Pin Par Eea
for ambient temperature lower than the freezing temperature, precipitation is retreated as snow.
HO8 not represented
. —Piop
JULES-W1 5%{7 = (0.7 x (4.4 x LAI) — I) x (1 — expraxthr )) — Bap — Meg — 0.4 X Moy, See [5] Prot for Moo Eun
0 <273.15; Iy
LPImL not represented
Mac-PDM.20 not represented
MATSIRO 5”?% = Pint,s — Par,s — Bca,s Pint,s Pirs Eeca,s
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
PCR-GLOBWB  not represented
VIC 55500 = fLAI X Psn. Psn
frar = 0.6 See [2], [48]
WaterGAP2 not represented
WAYS not represented
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Table S10. Snow under canopy Ssy.c

Model Equation Water Flux
Inflows Outflows
CLM4.5 see table S8
0Ssuc
CLMS5.0 (;t( <= fsn X (Pint,l + Edew - Eca,l) x At Pint,l Edew Eca,l
CWatM not represented
DBH 6%;(40 = PgT,s - Esn,sn - Rzn Pgr,s Esn,so R'Ln
HO8 not represented
6Ssuc Ssoc
JULES-W1 (St = Ptot - 5t - Munderca - Esnunderea Ptot for Afunderca
0<273.15 Es'rLu'rde'r'(:a
LPImL 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
659’“,6 937}.
VIC P X Cice X % = H,+ Hae + NR+ Xas + Xrs. See [2] Prot SWE
WaterGAP2 not represented
WAYS not represented

35



Table S11. Sublimation F,,

Model Equation
CLM4.5 Esn = Eso —maz (E x Stomit1 0> for Eso >0
Sice,snyi+1 + St,sm,it1

CLMS5.0 Esn = min (AET S St )
CWatM Esn =min(M, Eso)

1 Pair X Cair H E
DBH Esn = X X X fea,sn X ——F7——

Hi.g ( ) ( ) fea, Hy g+ H E,,

HO8 E., = PET

Pair ca
JULES-W1 Esn = —X sat —

Tso+Teca 0 (_q =4
Esnunderca = % Z; —q). See [17]; [47
d A (@Sar — @)- See [17]; [47]

0.1 day™), Sen>0.1
L Plml, B — (mm a_y] ), sn 2> (mm)

0 (mmday™"), S <0.1(mm)
Mac-PDM.20 not represented
MATSIRO B0 = (1= fo) X fi X Hi g X Pair X Coutk,mg X W X (qsu X 25" = q)

B = fo X Hy g, X pair X Chutk,pg X W x (qg;tsmH q)
mHM not represented
MPI-HM not represented
ORCHIDEE Esn = (qggt - q) x W x Csu X (1 - Tfloadplain) X Tsn
PCR-GLOBWB not represented
VIC Eup = — LB gee
pw X HiE,,

WaterGAP2 FEon,sa, = PET see [42]
WAYS not represented
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Table S12. Snowmelt M

Model Equation
CLM4.5 M= A St 1,.0
Hyy
CLMS5.0 M = min (s X
Hyy
CWatM M = Cp X Crseason X (140.01 X Pra) X (0sa; — 0m) X At — Esn; See[45]
for 10 elevation zones per grid.
Mglacier = Cmglacier X Cm,seasonglacieT X (BSGi - 01\4)
for 3 elevation zones per grid
DBH M =0freeze X (Hiot +0Hiot) — (0so X Hiot +0 X §Hyot)
HOS =X with Hasice = 0.333 x 10°
Hhrice
min (Ssn7 HMO;I?IyoTL ) 0—0n
JULES-W1 M = : for 0 > Onr; M X At < Ssn; Hy X M X At < for details see
At Hsorr
[22]
A 6 >273.15
LPJmL M = ¢ 0.3x
Rsn = Pth, Ssn > 20.000 (mm)
Mac-PDM.20 A = Jmin (Ssn,Cm x (0—273.15)), 6>273.15
0, 0 <273.15
N
MATSIRO M=>"M,
i=1
for k = 1L,N
for k = 1( starting from top layer)
for Ssn(l) #0and Oy < Osn1
Cice X Ssnl X (GJVI - esnl)
Hsn = 1lsn2 — Hsn -
2S ;I At
M= . snl sn
min ( At Hay )
M1 = fsn x M
Hsn: sn_(MXHl\l)
for2<k<N
Hsn
asn,k = esn,k + —F X At
Cice X Ssn,k
Hsn = ma Cice X Ssn,k X (esn,k — 0]%) 7O)
At
Ssn 2 Hsn
M =mi
(3 1)
M; = fon X M
mHM M:min(Ssn,(979M) ><Cm) where 0 > 0
MPI-HM Mpot = mazx (O, (sin (71’ X M) x 8.3+ 0.7) x (6 — G_freeze))
year
M = Myot +max (0, Ssn,i —0.06 X Ssy,)
1.9 x 108 x 222L % ¢y X (Osnyi — 0f) — Honi
ORCHIDEE M; = Sen,i — fice T - See [53]
M ice
PCR-GLOBWB M =min (Sen, (0 —0r) x Cr)  where 6 > 0
VIC Xto = (NR+ Hse + H; + Xrs) X At. See [2]
WaterGAP2 M= Com X (ngi —273.15 )7 Gsci > 273.15 ,Ssn,SGi >0mm
0, other
C), = landcover specific degree-day factor, see [34]
WAYS Mo min (Ssn,Cm x (0 —273.15)), 6 >273.15

0, 0 <273.15
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Table S13. Frozen soil

Model Equation
Hso,iXCs0,4 n ny __ n atm n ki ,X(sso,in*‘gso.i ")
CLM4.5 —ar X (950,i 1 *eso,i ) = Hatm +651;S7;Z X (950,i 1 *eso,i)*ax W —
kon X (0s0,i™ T —0s0,i41 ")
(1—a) x =g
Where the superscripts n and n + 1 indicate values at the beginning and end of the time step, respectively.
S;e [37(] Ko X (0o 1™ —0 )
s0,iX6s0,i n n n | 6Hatm n X(Uso,i —VUso,i
CLMS5.0 F20:888900 % (00, " T —050,i™) = Hatm +fT;L X (0s0,i" Tt —0s0,) —ax W -
n41_ n+1
(1— ) x fenXC0i™” “0s0.81" ") gee Oleson et al. [37]
SF n,it1—dn i d SF
CWatM X = (1-v)xF—0 X —0.04X VU X =2 ), Fy = Fy_ 22 x At. See [32
5t (1-v) sa; X exp( v SWE) t t—1+ 5 [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
v
MATSIRO Qin,so =k x (5— —-1)
0z S
k) — Cso ™ k'sa x so,uF 2x [B+3
. ; (Qbso - SSO,F
so,uF’ —B
U=Ugp X (———
sat (¢sn _SSSO,F
Coop = (1— =222 ) See [44
= g TGy Sl
« is unity. k£ and W 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 S,

Model Equation Water Flux
Inflows Outflows
5d.s()(ssso i
CLM4.5 TL =Qi—Qis1—Ti Qi Qi1 T
CLM5.0 w =Qi—Qi-1—T; Qi Qi1 T;
CWatM 6?;() =Rer + Rin — ngr - Rif —FEso =T Rer Rin Eso Rg’wT Rif
T
0S50, Rin,i — Eso,i — Rgwr,i, i=0 (top layer)
DBH it {ngr,il w20 funi By Bro flgurs
HO8 ‘s?t””' =M+ P, — Eso — Rin M P, Eso Rin
JULES-W1 5g;O = ]\4“1‘ Pth, - Eso - Rif - Rsu M Pth Eso Rif Rsu
LPJmL 5%;0 = (sz + Rvn) - Rguw- - Rif - Eso -T Rif Rz‘n Eso ngr T
Mac-PDM.20M 9 §;O =M + Piot — Eso — Rsu, Piot M Eso Rsu
MATSIRO 050 _ > [(Soo,r; + Ssour:) X do]
3t n=1,13
mHM 0S50, _ Rini — ETso,i — Rsof,i, i}: 0 (top soil layer) Rins ETvos Roops
ot Rsof,i,fl - ETsa,i - Rsnf,i7 >0
MPI-HM 52;" =Rin — Rpe —Eso—T Rin Eso Rpe T
ORCHIDEE g g;" = Rin + Rin,r — Rsu — Fso Rin Rin,r Eso Rou
PCR-GLOBWB 66;0 = Rin — ngr - Rif —Eso =T Rin Eso ngr Rif
T
VIC 0550 = 0 X | Dw % 0550 + Ok Dwdm] kd.su 1 k.dso 1 Dwdso 2
5t ddu 8dso ) " 8dso Rin " EewT Rgw
for the top two soil layers: m s 9w
& X dso,i = Rin - Eso —T—kx dso,i - Dw X dso,i
for details see Gao et al. [20]; Liang et al. [29]
for lower soil layer:
65.@03
gt X (dso,3_d5072) :kdsog +Dw72 _T—ng
WaterGAP2 6%;0 = R’L’ﬂ — Rtat — Eso Rzn Rtat Eso
WAYS 8550 =M+ Py — Eso — Riot M Py, Eso Riot

ot
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Table S15. Total runoff in ISIMIP2b Riot, 15101 P20

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

Riot,rstvmrpr2e = Rs + Ry
Riot,1stvmrpr2e = Rs + Ry
Riot,1simrpay = Rs + Rap
Riot,1simrpos = Rs + Rsp
Riot,isimrpay = Rs + Rsp
Riot,151M1P20 = Rs + Rsp
Riot,1s1m1P20 = Rs + Rsp
Riot,1s1Mm1P20 = Rs + Rsp
Riot,1s1m1P20 = Rs + Rspy
Riot,1s1mrpos = Rs + Rep
Riot,1s1mrpr2y = Rs + Rsp
Riot,rstvmrpr2e = Rs + Ry
Riot,1s1mrpoy = Rs + Rap
Riot,1s1mipay = Rs + Rap
Riot,1simipays = Rs + Rsp
Riot,isimipay = Rs + Rsp
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Table S16. Surface runoff in ISIMIP2b R

Model Equation

CLM4.5 Rs = Rsu
CLMS5.0 Rs = Rsu
CWatM Rs = Rsu
DBH Rs = Rsu
HO8 Rs = Rsu
JULES-W1 Rs = Rsy
LPJmL Rs = R@u
Mac-PDM.20 Rs = Rou
MATSIRO Rs = Rsu
mHM Rs = Rsu
MPI-HM Rs = Rsu
ORCHIDEE Rs = Rsu
PCR-GLOBWB Rs = Rsu
VIC Rs = Rsu
WaterGAP2 Rs = Rsu
WAYS Rs = Rsu
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Table S17. Subsurface runoff in ISIMIP2b R,

Model Equation

CLM4.5 Ry, = Rgw

CLM5.0 Ry, = Rgw

CWatM Rsp = Rif + gw

DBH not represented

HO8 Rsb = ng

JULES-W1 Rs = Ry

LPJmL Rs = Ry

Mac-PDM.20 Rsy, = Rgw

MATSIRO Ry = Rgw

mHM Rsb = Rv‘,f,fast + Rif,slow + ng

MPI-HM Roy, = Rgwr

ORCHIDEE Rs, = Rgw

PCR-GLOBWB R, = Ry

VIC RSbR:
% X SSO,3L7 0 S Sso,SL S fSSOYma,_T, X Sso,'m,aa;,iiL ,
For st Sunisn o (Rigman = e ) o (S — e gt )
Sso,SL 2 szo,m,a.’l: X Sso,maw,i%L

WaterGAP2 Ry, = Rgw

WAYS Ry = Rif + ng
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Table S18. Total runoff from land R;o¢

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

Riot = Rsu + Rif fast + Rif stow + Rgw

not represented
not represented
not represented
not represented

Riot = Rin X

Sso

Sso,maw

o
) +Rbu JFRsut with Sso,nwa: = Ssu,TL X dso,root and Rbu =0.5x% Rin X fbu» Rin

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

STZ
Rioi = (1 - (1 - (1+/3)x—sm>) e
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Table S19. Runoff concentration in a grid cell

Model Equation

CLM4.5 not represented

CLMS5.0 not represented

CWatM R& = Z X Z X Z Xtrig X Rsup o p X (t—i+41); for "i" runs from 1 to maximum number of days.
LC  fr i

mazx maz?

(2 4
triz:/x 7|u?7m;$\><7du

i—1

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 = %

ORCHIDEE not repre:fanted
PCR-GLOBWB not represented
VIC not represented
WaterGAP2 not represented
WAYS not represented
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Table S20. Surface runoff Ry,

Model Equation
CLM4.5 Rsu = Rglwe,la + Rsui + Rig
Rou,ice = Rsnwep,ice
CLMS5.0 Rsu,i = Ryl we,ia + Rsu,l + Rif
Rsu,ice = Rsnwep,ice
CWatM Rsw= Rno+ Rif + Rof
DBH Rou = Rho + Rsat
(Sso,tot =dso xX1000X (S50, FC —=Sso,wP)) Sso,tot >1
HO8 Rau { t ? dm><1000><(g5.w,p075m,wp) =
0, T X T000K (S e —Sagwr) < L
(Pm X scfﬁ“ X exp (, Ipec >;i:£;gz:::><37,n) ) + (P,.a X (1 — SC;&:QJ X exp (7 fpc,griicz,tmaﬁ )
Rin X 6P, < Sea
JULES-W1 Ro =47 P4 S 50
Pra X exp (7 Pe,G(Rin P;hx Sca,mos—Sea )
for Rin X 0P, > Sea
LPJmL Rsu = Piot — Rin,TL
Pra —AET, Sso,rc < Sso,to
Mac-PDM.20 Rou = FO < Ssojtot
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
Spon
mHM Rou = fou X Rin,i — Sf’i (PETows — Eca)
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), Sso,5G,maz < Sso,5G6 + Pra + M
MPI-HM Rsu =1~ fuweX § Pra+M —max(0,Ss0,5G6,min — Sso) — Ro;,  Sso,5G,min < Sso,s6¢ + Pra + M < Sso .56 + Pra + M
0, Ss0,5G + Pra + M < Sso,5G6,min
Ss0,5G,maz — Ss0,5G,min
Ro = = = X (R1 — R:
: (=)
. Ss0,5G,maz — Sso,5G ) i
R = mm(L ( = : )
! Ss0,5G,maz — Ss0,5G,min
Ry — maX<O7Sso,SG,nLa1‘ — Ss0,56 — Pra — IW)H"
2 Ss0,8G,maz — Ss0,5G,min .
Ss0—=5s0,5G,min T+o
Seosc = Ss0,5G,maz — (S50,5G,maz — Ss0,5G,min) X (1 - 7&-0”“fS.iC,isc,m,,n) . Sso > Sso.5G min
Ssos Sso < Sso,5G,min
ORCHIDEE Rsu = Pin — Rin
PCR-GLOBWB Rsu = Rno+ 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]):
1+HRin
R, = Piot — dso2 X (¢pso — Sso,r2L) + dso2 X Pso X (1 — 71%1’?"’::?:') , Piot + Rin,o < Rin,max
Prot — dso2 X (¢pso — Sso,12L), Piot + Rin,0 > Rin,max
WaterGAP2 Rou = Riot — Rguwr
WAYS Rsu = Riot — Rguwr
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Table S21. Hortonian overland flow

Model Equation
CLM4.5 Rho = max (R'Ln - (1 - fh2n) Rin‘mazyo)
CLM5.0 Rpo = max (R’L’I‘L - (1 - fh2o) Rin,mazyo)
CWatM Rho =M+ Py — Qpr — Rin

Preferential flow, that bypass the %oil matrix

Qps = (Pin+ M) x (%)

so,sat
fa,unsat
DBH Rho = / Pth X Pconv -k
0
HO8 not represented
JULES-W1 not represented
LPImL it is taken into account when surface runoff is computed, but not separately considered.
Mac-PDM.20 not represented
MATSIRO Rho = Bstormy X Rho,stormy + (1 — Beaim) X Rho,caim)
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
PCR-GLOBWB Ry = 1 — Saosat = Srostot  p
Sso,tat - SSO,WP

Rh,o = max(R'Ln - (1 - tho) X R’iTZ,WZaI70)
VIC not represented
WaterGAP2 not represented
WAYS not represented
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Table S22. Saturation excess overland flow

Model Equation
CLM4.5 not represented
CLMS.0 not represented
CWatM not represented

fG,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 = fG‘sat X fTi,sa,t X Pth
mHM not represented
MPI-HM implicitly included in surface runoff computation
ORCHIDEE not represented
PCR-GLOBWB not represented
VIC same as Table S20.
WaterGAP?2 Rsat _ Sso - Sso,mazg Sso > Sso,maz
0, other cases

with Sso,mam = dso,Toot X Sso,TL
WAYS Ry = 420,57 = Syer)
Ky ‘ ‘ )
The Overflow of the uppermost layer is only active when the storage of the fast response reservoir exceeds the
specified threshold Ss¢,
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Table S23. Transpiration

Model Equation
CLM4.5 T = —Tca,dry X Pair (gf:l«ir Xq +g;ﬁ X qgr — (ggy +g;(rl> X (q?gz + 0d5ar oneq)) X L
’ ' 00veg gea" + 951 + 947
p p ) 6qca g s
CLMS5.0 T = —Teadry X pair | 957 X g+ g5 X qgr — < air C“) x (geo, + 2sat ng ) ) x ——Fea
Tea,dry Pai (gca q+gg7 9g YGea +ggr Gsat + §6U89 g gg&r +g$ +!];‘71
CWatM Tact = Cus X (Tpnt - Eso)
C _ Sso,totlsol - Ssn,WP 1sol
we Sso,critlsol - SSO,WP 1sol
Sso,critisol = (1 — fso,dep) X (Sso,FC1s0l — Sso,wP1sol) + Sso,w P1sol
sodep = —5————— — 0.1 x (5 x Cer
Jrorter = 57615 X Tonas X (5% Cerapn)
€ca — € Pair X Cair
DBH = X (1-—
Hl,E ﬁ +2 X Tt ( fca,wet)
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.
Yea
JULES-W1 T=PET X feg X ——————
f Jea +Cr X Wa
. 1.391
LPJmL T =min (Tmam X Sso,rels (1 = fday,ca,wet) X PET X W)
3.26
(1- fd,ly,m,wet) is remaining day time canopy available energy.
MaC-PDM.20 Transpiration is not modeled separately, see Table S24.
MATSIRO T =TI + 150
mHM Transpiration is not modeled separately, see Table S24, where the Feddes equation based on the PET concept is
used.
MPI-HM T = foo x PET x min  1,max ( 0 Sso = Ssowp
e ’ ’ 0.75 x Ssn,mam SSD,WP
ORCHIDEE T = (qsar —q) X W x Cou X (1 = Tspn) X Tca)
PCR-GLOBWB T =min(Cerop X PET,05,)
2
3
vIC T=<1(S”“) )xPETx““
Sca,ma Tw+ 7o+ Tea
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 s,

Model Equation
. — 97
CLM4.5 B, — _ Pair (4= @ar)
TSD
(a2 g
CLMS.0 B, — _ Pair (g —adar)
TSO
CWatM Es = Ccrop x PET
1 Gso X (€ca —€) _ pair X Cair
DBH Es = X X X (1= fsu,gr
Hi kg Tso + Twea 0l ( I ! )
HO8 Eso =ax PET
where:
o= 17 Sso,tot > Ssn,crz‘t
o= ;:‘:zjjt7 Sso,tot < Sso,c'r'it
Sso,crit = 0.75 X Sso,rc (fixed at 150 [kgm ~2]. For detail see [40].
(1 - fca) X gso
JULES-W1 Eoo=PET x (1— fa) X
( f) (17fca)><gso+CH><W2
_ i x SSO,FL 2
gso = 100 Sso,crit
LPJmL Eso = FEeq X a X Ssoyret 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 E, to PET
declines linearly to zero:
ESO
= s0 > s
PET l,S Sso > Sso,FC
=2 = = k) SSO < SSO
PET ~ Sy.rc = Pseke
MATSIRO Eoo = BT
HM BT — a X froot,i X PET/,/ . for z = 0 (first layer)
aX frooti X (PET' =Y, 2 ETe0i-1), fori>0
PET = PET — Fup — =20 (PETows — Eca)
pon,max
0, T < G
Suoi s0,i
= dsoi T Sso,i
T Teime i< Ty Sdwi
L P < T2
Sso - 005 X Sso max
MPI-HM Eso = fsobare X PET X min | 1,max ( 0, :
f .'b ( ( Sso,maz —0.05 x Sso,maw ))
ORCHIDEE Es = (qut - Q) X W x Coy X (1 - T'floodplain) X (1 - T.sn) 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 0
Eso=PET x 0fRino+ X : T 0fRino
i=0 fso,bare,sat Rin,maz (1 - (1 - fRin,o)nRi” )
WaterGAP2 Eso = min (PET — Eea, (PET smaz — Eca) X 557)
PET,m,n,m =15 (mm dayfl)
Note: Evaporation and transpiration are calculated together.
WAYS Eso = (PET — Eca) X min (1, Srs

v X Srz,7na:1: X (1 +ﬂ)
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 Rin = Rin,over—so + Rpe,h2os fc
Rin,ovcr—so = (1 - fh?o)Qin,surf - Rho - (1 - fsn - thO)Eso
. wS c
Rpe,thsfc =nmn thOR'in,mamu T;
CLM5.0 Rin = Rin,over—so + Rpe,h2osfc
Rin,overfso - (1 - fh,2o)Q77n,S'zl,rf - Rho - (1 - fsn - tho)Eso
) Ws
Rpe,h2nsfc =mn (thoRin,maza Afc )
t
CWatM Rinpor = Soouzat _ Ssocat (1-(-)%)
in,pot ﬂ+ 1 B+ 1
a=1-— (1 _ Sso,rel )/3
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
(Ssoﬂsat - Sso,ini) X Sso,pot
DBH Rin = hsar x (14 )
g g Rin,cum,
HO8 Ry = 252FC o Dsoitol - gee [21]
t Sso,FC
t = 100 [days] = 86400 x 100 [s]; 7 is set at 2.
5T 0 \2xa+3
JULES-W1 Rin =k x ( + 1) k= ut (—)
6dso 080
LPJmL Rin = Piot X |1 — M i =top layer
Sso,sat,i - SSO,WP
Mac-PDM.20 Rin = Piot — Rsat
MATSIRO Rin = Pin — Rno — Rsat
Pip+ M — Rsy, i =0 (top soil layer)
mHM Rin,i = Sa0id g i\ ag
Rinaos = (G2 ) s >0
MPI-HM Rin = (Pra+ M) x (1= fuwe) — Rsu
ORCHIDEE Riny = Fi H Koot +2kmf»f
PCR-GLOBWB Rin =min(Pra + M, ksat)
VIC for there is no vegetation coverage:
Rin — I'rq — Rpe
for there is vegetation coverage:
Rin = Pih — Rpe
See [20]; [29].
WaterGAP2 Rin = M + Py, — (0.5 X (M + Pin) X fu)
WAYS Rin =M+ Py
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Table S26. Interflow

Model Equation
CLM4.5 not represented
CLMS5.0 not represented
CWatM Rif = fz‘f X Rpe
DBH not represented
HO8 not represented
07 Sso,tot < Sso,WP
JULES'WI RLf = Rin,sat X Sca X Iijz;c;tfi—iiz‘:;};7 SsoA,WP S Sso,tot < Sso,sat
Rin,sat) Sso,tot > Sso,sat
Sso tot — Sso WP
LPJmL Rif = Rin, 1 Zsotet — Pso, W
! L\/ Sso,sat - Sso,WP
Mac-PDM.20 not represented
MATSIRO not included in the version used in ISIMIP2b
k X Suz - Suz ) Suz > Suz r
M P L hr) h
O7 Suz S Suz,thT
Rif stow = k1 X (Syz)' T
Interflow originates from the unsaturated zone storage, a bucket below the soil storage.
MPI-HM not represented
ORCHIDEE not represented
PCR-GLOBWB Rif = Rye — Rer for Rpe > Rer
VIC not represented
WaterGAP2 not represented
Sy
WAYS Rip = —
! K;

K¢ needs to be fitted.
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Table S27. Percolation R,

Model Equation
CLM4.5 not represented
CLMS5.0 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
LPJmL Rpe = (Sso,sat — Sso,Fpc) X |:1 - exp(%)]
Mac- not represented g
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 R,

Model Equation
CLM4.5 Represented through the concept of soil matrix potential:
Cso,i
Vo= Vo (Q> > —1x10°
' Ssn,sat
CLMS5.0 Represented through the concept of soil matrix potential:
Cso,i
Uy =Wyar (75“) > —1x10°
so,sat

CWatM Rm" =0.5x \ k3so X ksat X Rm‘,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
LPImL not represented
Mac-PDM.20 not represented
MATSIRO Rer =k x (‘ZZZ” 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 Sq.

Model Equation Water Flux
Inflows Outflows
CLM4.5 Only represented indirectly through changes in the water table Ryuwr Ryw
depth (unconfined aquifer)
Adyr = %97—}3%) At
Y
CLMS5.0 Only represented indirectly through changes in the water table Rywr Ryw
depth (unconfined aquifer)
Adyy = Bovr = Bou) 5
58, o
CWatM c;gw = Qpf + Rpe — Rer — Rgw — AfL — AQS, — Alvan — ALy Rpe Qpy Rer Rgw
AL Ao,
Afen AT
DBH not represented
0Sgw
H08 5(; = Sgw,rw - Sgw,nrw ngr ng Atot
A o
S_qw,rw = ng'r - ng - Bth
JULES-W1 not represented
LPJmL not represented
Mac-PDM.20 05w _ Rgwr — Rgw Rguwr Ry
m ‘ < ‘ ¢
0
MATSIRO v ((Seours + Seonur) X dso )
ot n;lii ( " i ) Fl)
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:
6S w
(;; = ngr - ng ngr ng
MPI-HM very simple representation, no water table depth or confined aquifers are con-
sidered
0Sgw
652“ = ngr - ng - f’iTT X Sgw ngr ng
ORCHIDEE not represented
PCR-GLOBWB  229% _ R _ R Ry, — AI% _ A%% _ g9v _ pav Rpe Rer Ryu
ot AIW A9w
irr ““dom
Age,, AT
VIC not represented
0S4,
WaterGAP2 iw = Rgwr — Rgw — Aguw Rguwr Rgw Aguw
6 v
WAYS 5? = Rguwr — Rgw Rguwr Rgw
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Table S30. Groundwater recharge Rg.

Model Equation
Uy jw
CLM4.5 Rgwr = kaqH
(Uf i
L\ w
CLMS5.0 Rguwr = —kaq M
“ (duwt — wt z)
CWatM Rguwr = Rpe +Qpyr —
DBH Rguwr = k3so % ( 55““‘”” AL 1)
50,3
HO8 Rguwr = min(Rgwr.maz; fr X fsotex X frng X fpg X Riot). See [11]
JULES-W1 not represented
Sso,tot — Sso,wpP
LPJmL Rguwr = Rin - ———<——
" ¥ PE Sso,sat — Sso,w P
Mac-PDM.20 Rguwr = Sso — Sso,rc
MATSIRO Ry = 2520000
mHM Rywr = kuzSuz
Seo _ Seo = 0.90 X Ssomaz ) \'°
MPI-HM Rgwr = (1= fuwe) X Rgwrmin X Soomn T (Rgwr,maz — Rgwr.min) X (mm(I,max <0, Sooman —0.90 x SSMW> > )
if Sso > 0.05 X Sso,maz
ORCHIDEE Rgur =maz(0,1 - < ) X Rgu See [15]
PCR-GLOBWB Rywr = Rpe — Rer
VIC not represented
WaterGAP2 Ry — 0 ‘ (semi)arid grid cell, sandy texture and Py, < 12.5(mm day’l)
! min(Rgwr,mac, fr X fso,tex X fag X fpg X Riot) other cases
where Rguwr 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 fpg X Riot). See [11]
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Table S31. Groundwater runoff R,

Model Equation
CLM4.5 Rgw = Cice X Rgw,maz €xp (— faraidwt)
CLMS.0 Rguw = Cice X Rgw,maz €Xp (— faraiduwt)
CWatM Ryw = Cyw,@ X Sgw
DBH not represented
n
HOS Ryw = Sgwmaz % Sgw,rw
t Sgwmaz
where 77 = 2 and ¢ = 100 days.
JULES-W1 not represented
LPJmL not represented
Mac-PDM.20 Rguw = Ryuw,rout X (Sgw/100)*
P B—1 B
kg x v® B=D!  (—uxdo) B-=D!  do" B! (—uxdo) B do"
MATSIRO Rguw = P do x e Dy P =l Bl Gr =l o xzmxivgwﬂ . See [27]; [55]
n=0 n=0
mHM Ryw = kpSguw
MPI-HM Rgy = =2
Kguw
ORCHIDEE Rgw = kot
PCR-GLOBWB Ryw = Cyw,@ X Sgw
VIC not represented
0 Sgw <0
WaterGAP2 Rgw =< " =
Cyw,@ X Sqw, Sgw >0
where Cyu,0 = 0.01d™"
WAYS Rgw = Cyuw,@ X Sguw

where Cguw,q = 0.01d"*
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Table S32. Lake storage Si,

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 ~ Qri.in Qriout
itself and "local lakes" receive inflow from the grid cell itself.
0Sia
(Stl = Qm‘,m - Qm,out
DBH not represented
HO8 not represented
JULES-W1 not represented
6 a
LPJmL f; = Prot + Qiv — Qua — Era — A Piot, Qiu EBia, 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;%?, Ala,
the grid cell itself, while global lakes receive water from grid cell itself and the inflow from  Piot, Qiu, Qia,locals
upstream cells. Quwe,locals Qia,globals
6Sl1 oca. Sw " f
# = (Rs'u. X fswb) + ng + Arf + Bla,local X (Ptot - Ela) - ng?« - Ala - Qla,[ccal A”‘ Ela
Bla,local = CB,red X Blmlocal,maz
|Sla local — Sla localAmam| 3.32
CByrea=1— : - - ’
Bored ( 2Sla7local,maz )
v _ 0, humid cell
guwr Cow.rech X CB,red X Ba,locat, arid and semi-arid cells
55 a,globa S
% = Qiu+ Arg + Que,iocal + Bla,giobat X (Piot — Fia) — Rgﬁv — Ata — Qia,global
Bla,global = CB,Ted X Bla,global,mal‘
CB,red —1- ( |Sla,global — Sla,global,maz‘ )‘3'32
2Sla,global,m.az
R — 0, humid cell
guwr C;l’ﬁ,mch X CB,red X Bia,giobal, arid and semi-arid cells
WAYS not represented
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Table S33. Evaporation from lake Fj,

Model Equation

CLM4.5 not represented

CLMS5.0 not represented

CWatM Ei, = min(Sla, Ela’pgt — min(Ptot, Ela,pot)
DBH not represented

HO8 not represented

JULES-W1 not represented

LPJmL Ejo = min(Sia, Ela,pot)
Mac-PDM.20 Eyo = Piot — PET

MATSIRO not represented

mHM not represented

MPI-HM not represented

ORCHIDEE not represented
PCR-GLOBWB B, =PET

VIC not represented

WaterGAP2 FE;, = PET with albedo = 0.08
WAYS not represented
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Table S34. Outflow from lake Q;,

Model Equation
CLM4.5 not represented
CLMS5.0 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 _ Qiua1 + Qivgtaz  Quat + Quaz
At 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,m,aac - Sla)7 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 Qia = 1.7 X Cyeir X maz (B — hos)"® X bueir
VIC not represented
WaterGAP2 Qia,local = Csw,out X Sia,local X (%)15
Qia,global = Csw,out X Sia,global
for Cuuw,out = 0.01d™"
WAYS not represented

59



Table S35. Reservoir storage Sye

Model Equation Water Flux
Inflows Outflows
CLM4.5 not represented
CLMS5.0 not represented
657‘5
CWatM 6t = Qri,in - Qri,aut Qri,in Qri,out
DBH not represented
5ST'elocal
HO8 7(% = Rtot X Bre - Are - Qre Rtot Qm‘,in Are R{,ot
65, Qi out
reglobal
57!; = Qri,in - Qri,nut
JULES-W1 not represented
6 re
LPJmL ?t = Pt,ot + Qiu - Qla - Ere - A Ptot Qiu Qla Ere A
Mac-PDM.20 not represented
6 re
MATSIRO O%re — Sretobat + Sretoea Quunre Qre Adom
6STeltOClll _ Rtot _ Q7'e,local 714527;1 7Afsgd 7A1P:rnd Aim‘ Ai"d
0Sregiobal  Qiu+ Qre,local — Qre re,global re,global re,global
é'qt = B - Ad(nﬁ, - Aindg - Ai'r'rg
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
5 QM = Q'meanfor Sre > 0.7 X S/,»eyc
re Sre,c —Sre,act -
PCR-GLOBWB 5 = Qri = mazx (Qmean X m’QeO for0.3> Sre > 0.7 X Sre,c
Qesfor 0.3 < Sre
VIC not represented
waterGAPz % = Qiu + Arf + Qwe,local + Bre X (Ptot - Ere) - RZ%?‘ - Are - Qre Qiu, Qwe,[ocal» E’V‘&, R;zﬁ‘v
for Bre = CB,red X Bre,maz Ptot; ATf BT&7 Qre,
2.814
for Cip,pea = 1 - (1225 2emecl) e
for RS?Z? _ 0 . for hu.mid cell o
Cow,rech 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 Q.

Model Equation
CLM4.5 not represented
CLMS5.0 not represented
min(Qre,min, a7 X fre X Sre.c, fre <2X Secons
v ) Qreamin + (@remorm = Qremin) x (Lzs2sSsgne ) Snorm > fre > 2 X Seons
a reT Q fre=Snorm S > S
re,norm B tood—Snorm X maz ( (Qiu,re — Qre,norm), (Qre,nd — Qre,norm) |, flood = fre > Snorm
re=Sfloo
maz(f Atfl 4 % STE,C» Q'r'ewd)v fre > Sfloud
DBH not represented
HO8 Non-irrigation dam

Qre = Qiu,mean
Irrigation reservoir dam
CyeaT X Cmonth

Qre =9 Sy0.c2 Sre,c?
540" X Cyear X Coomin + (1= (T2

for:

Qlu.;neaﬂ % (1+ ZCdarn,GX(A1r7‘.moyxh+AL71d,month +Adom,month) , Adem.dam > 0.5 X Qivmean
Sre ¢ = dem,dam

Qiuymean + Y Cdam,a X (Airr,month + 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;
Ctot = Crmonth X Qiu,tot,re;

C , = Dwfirst
month — T 0— . o
0.85 X Stor’
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
max(Sre,iocal + Riot X At — Sre. giobal,0)
Qrelocal =
At
Qrurpose STe alobal—Sre.global gpurpose () QU Y A §
re,global At ) re,global re,local re,global v re,global
s,
. — purpose re,global purpose __ (purpose
Qre.global Qre giobat T X7 S grovat T (Qre,tocal re.global) X At <0
purpose
re,global’ else
purpose __ yirr non—irr
resglobal = @re.global OF Q1 G1opa1
mHM not represented
MPI-HM not represented
1.5
PCR-GLOBWB Qre = 1.7 X Cuyeir X Mmaz(huw — hof) ™ X bueir
WaterGAP2 irrigation reservoir type:
irr Sre.mazx
QTC = Ts’del' Q1 e, mean ~ 0 5

4x( Sre,max )2 % Q::t‘de +(1-4x (Q:r,mnm )2 X Qiure), Sre.maz () 5

Qre,mean e mean Qre,mean

Qre,mean Adem,5dcells,month Qre,mean
Cear x Qesspzen x (1 4 Adepsdeellomontn ) Adem sacetts > Qrepeen

with Q% ge =
, Qre.,
Cyear X Qre,mean + Adem,sdeelis,month — Adem,sdeells,  Adem,5dcells < ~—55 4"

non-irrigation reservoir type:

Cuear X Qremean; g 205
Qre = Sremaz |2 Sreomas |2 Sy s
4 (g e ) X Cuear X Qresmean + (1= 4 X (GIT00)" X Qinre), 2000 <05
both reservoir types:
c _Jo.1, filling phase for Sre < (Sre,maz % 0.1)
vear — m, not filling phase
Qre, Sre > Sre.maz X 0.85 x 0.1
and Qre =
Qre X 0.1, Sre < Sremaz % 0.85x 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 F,.

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

Ere - min(ST€7E’f‘E,p0t - 7nin(Ptot7Ere,pot) X BT&

not represented
not represented
not represented

E..= min(sre s ETe,pot)

not represented
not represented
not represented
not represented
not represented
Ere = PET

not represented

FEre = PET with albedo = 0.08

not represented
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Table S39. Wetland storage S

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

5 we wr,maxr
MPI-HM S = fwv. X PT'a + M — L - Ewc + Qiu.w(’. up — ch - fiT"r' X ch Qiu we,ups Rpc» Ewcs ch

ot 10 B ’
Pra, 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 FEye, R_Z}jjﬁ,

that receive inflow from the grid cell itself and the upstream grid cells, while local ~ Qia,giobal, @re  Que,local,

wetlands receive inflow only from the grid cell where have been identified. Que,global

55 e - SW

SPwe local Qia,iocal + Buwe,tocat X (Prot — Fwe) — ngl; — Que,local

for Bwe,local - CB,red X Bwe,local,maz

3.32
for CB)red —1_ (‘Swe,local Swe,local,maz‘)
Swe,local,maz
for R;?j,’; _ 0, for hu‘mid cell o
‘ow.rech X OB red X Bue,local, for arid and semi-arid cells

55 v SW

%wbal = Qia,global + Qre + Buwe,giobat X (Prot — Ewe) — ngl; — Que,global

for Bwe,glabal - CB,red X Bwe,global,maz .32

for CB,red —1— (‘Swe,global - Swe,global,maz|)

S’wc,global,muw
for R;",jjg _ O,Sw for hu'mid cell o
Cow.rech 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
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
not represented
not represented
not represented
not represented
not represented
not represented
not represented
not represented

Qivywe,up = fwe> X (Qrvup + Row,up + Qri,up)

not represented
not represented
not represented
not represented
not represented
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Table S41. Evaporation from wetland F,,¢

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

Eywe=PET X fuwe

not represented
not represented
not represented

FEwe = PET with albedo = 0.08

not represented
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Table S42. Outflow from wetland Qe

Model Equation
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
MPI-Hm Que = —f 2
we l i
for twe = G, = 1
MS,we X hw,we§ X swe,wzeanE
ORCHIDEE not represented
PCR-GLOBWB not represented
VIC not represented
S‘UJE oca
WaterGAP2 Qwe,local = Csw,out X Swe,local X (S 4 ! 5
we,local, max

Qwe,global - Csw,out X Swe,glnbal

with Caw,our = 0.01d ™
WAYS not represented
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Table S43. River storage Sy;

Model Equation Water Flux
Inflows Outflows
0y
CLM4.5 W = Qiu - Qri + Rsu,,l, QTi Qiu
0y
CLM5.0 5 = Qiu—Qri+ Rsu, Qri Qiu
05y sw sw sw_ gsw
CWatM 5= Rif + Rgw + Rsu + Qiv — Qod — Agorm — Airr — Aliv — Amnan
DBH not represented
0Sri . . -
HO8 :?t = Qri — Qiu; Qiwis modified if a reservoir is present. See [36] Qri Qiu
JULES-W1 not represented
0Sri
LPJmL S = Qiu — Qiuta — Qri — Aact,irr Qiu Qiu,la> Qri,
t Aet irr
Mac-PDM.20 not represented '
MATSIRO at a grid without reservoir Qiuyres  Qius  Qre
0Sri Riot
St = Qiu,re QT;?
for Quure = Qiu+ Riot
e}
at a grid with reservoir
0Sri _ 6Sre,global
oot
6%
mHM = Riot + Qiu — Qri Qi Qs
0Srim
MPI-HM T = Qm,n—l - Qm,n - firv‘ X Sri,n Qiu Qri
forn=1[1,...5] and Qrio = Qiu
Qrign = 2 for n = [1,...,5]
Kri
ORCHIDEE OSvi fast i+l = Syi fast,i + Rou — _ Srifasti Rsu» Ryw
ot R tret X tri, fast
0Sri slow,it1 i slow,i
—_— = ri,slow,i Raufé
ot towd F e = e stow
0Sri,stream,i Sri,fast,i Sristow,i
2oristream,itl Sri,stream,i + Jast, slow,
ot tret X tri,fast  tret X tri,siow
PCRGLOBWB 2278 R 4 Ry 4 R+ Qi — Qs — A — AZE — AT — A3, Rif Ryws  Qots A,
Rsu, Qiu Airs ALy,
Aman
VIC not represented
WaterGAP2 25 Qu b R x (1= foun) + R Avg — Avi— Qs Quegtorats  Avs Qi
. i Rgw arid and semi-arid cells Rous Rguw
with Rgq, = . :
Rgw X (1 — fswsy) humid cells
WAYS not represented
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Table S44. Rivulet storage Sy,

Model Equation Water Flux
Inflows Outflows

CLM4.5 not represented

CLMS5.0 not represented

CWatM 6?% =Rsupcp — Rlc Rsupor 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 5?;” = R.u — Ra Rsu Ra
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 .,

Model Equation
CLM4.5 sum of inflows of water from neighboring upstream grid cells
CLMS.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 SriG—l for v =0.5
JULES-W1 not represented
LPJmL Qiu - Qri - Ela - Ere
Mac-PDM.20 not represented
MATSIRO Qiu= Y xQurretreame
upstreamG

mHM sum of inflows of water from neighboring upstream grid cells
MPI-HM Qiu = ng‘gfp + Qrv,up + Qri,up - Qiu,we,up

i ,Sh‘eanl,upper
ORCHIDEE Qlu B Z tret X tri,stream
PCR-GLOBWB Qi = 56?7'_’ + Cuweir X Ceir X Qpi Cweir™D x ‘52:
VIC not represerrllted
WaterGAP2 inflow from upstream grid cells is routed through global lakes see Table S32.
WAYS not represented
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Table S46. Streamflow Q,;

Model Equation
CLM4.5 Qri=-— X Sri
CLMS5.0 Qri _ Cm Jhydraulic 3 X Sri
o Quiltl+Qul
At rigi1 T @rig
CWatM X Qritti +ax (Quit])’ = Al Qi +ax (Qrif1)” + At x (“7“)
For each cell and for each time step usmg an iterative approach given in Chow et al. [9] The coefficients can
be calculated using Manning’s equation.
DBH not represented
HO8 Qri=Y _ Rou+tQiu
When a dam is present, outflow from dam is used, see Table 35.
JULES-W1 not represented
LPJmL ! AN
ri,0U rijin X ————— X — X ¢
m Qrisout = Ql) L >Z I'xn ¢
forin = — "t = ™ P = samma function which allows for non-integer values of "n"
lm,hom Umean
Mac-PDM.20 not represented
MATSIRO at a grid without reservoir
* S’M’, - Sr",, ri
Q7'i,t = (Qzu + Rtot ) - M (Aw‘r + Adom + Aznd)
A part of R:+ flows into a pond and is stored in the pond, then R0t becomes Rior™ Which = Qe iocal
at a grid with reservoir
Qri :lQTE - (A:rlr + Adom. + Av.nd)
mHM Qritti =Cui x Qril ™ + Casa x Qm +Chms X Qrityy
for each cell 7 and for each time step ¢ using an iterative approach given in Chow et al. [9]. The coefficients
Cai — Cus are fully derived in Thober et al. [50].
MPI-HM Qri = Srisn —Zforn=5
Krj
S;T"L,st'ream,l
ORCHIDEE Qi = ——rstreamt
tret X t7i stream 5
PCR-GLOBWB Qm’ - (5l +Cwetr X Cwen X Qm Cuweir=1) X %
VIC not represg;ted
WaterGAP2 Qri= = % S
forv = C’I\/I_1 X Cri,hydraulic% X Sri%
for details see Verzano et al. [52]
WAYS not represented
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Table S47. Evaporation from river F,;

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

Eri = Ea,pot — min(Piot, Ela,pot)

not represented
not represented
not represented

E.i=Ejq,= min(slay Ela,pot)

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

not represented
not represented
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 bosd clay=0.38; clay
0 no upper 0 hi:1 1\7’72’“ 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 %%?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
not not no upper not 0 no upper 0 ﬁ%%‘aigg
represented  represented limit represented limit limit
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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. Trrigation water demand A,

Model Equation
CLM4.5 not represented
CLM5.0 Airr = X Sso,sat + (1 =) X Sso,w P — Sso,cur
CWatM not represented
DBH not represented
HO8 not represented
JULES-W1 not represented
LPJmL not represented
Mac-PDM.20 not represented
3
MATSIRO Airr = % x ;mam[(@,i — a,6),0] X Coors
Gti = a X Pso
«is set at 1 for rice and 0.75 for the other crops, see [38].
mHM not represented
MPI-HM Ay = (T y Jea=firr | ppp f) T
firr=1— Airr for i = baseflow, river,wetland
wrr — Z S,L bl - I bl
ORCHIDEE not represented
PCR-GLOBWB not represented
VIC not represented
WaterGAP2 not represented
WAYS not represented
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Table S53. Trrigation groundwater abstraction A

gw
irr

Model Equation

CLM4.5 not represented

CLMS5.0 not represented

CWatM APY = Avor — A
ASe =min(Sgw — Adst)
Afgw = Ajor — Alc

DBH not represented

HO8 ATV = AT 4 AT
A’Lg;:‘,rw = min(fgw,usa X A'irr,dem X SQZ‘;U?)
Ag;l;,nrw = fgw,usc X Airr,dem - Agwn'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.
ATY = i dem — AL

mHM not represented

MPI-HM A2V = firr X Sguw

irr

ORCHIDEE not represented
PCR-GLOBWB not represented
VIC not represented
Airncons
‘WaterGAP2 Ag:.l: = —) X fgw,usc
Airr,cons 18 calculated with a Global Irrigation Model, see [34] and [12].
WAYS not represented
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Table S54. Trrigation groundwater consumption A

gw
irr,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 S55. Return flow from irrigation groundwater abstraction A

Model Equation
CLM4.5 not represented
CLMS5.0 not represented
CWatM not represented
DBH not represented
HO8 Ag;u;‘,rf = (1 - flost) X (1 - fcon,s,A) X Ai]:v: [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
gw — ng ) —
PCR-GLOBWB Al = Fow+ O X Airr X (1= X)
VIC not represented
WaterGAP2 Azgf;‘,rf = AfTU; - Ag:;',cuns
WAYS not represented
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Table S56. Trrigation surface water abstraction Aj.

Model Equation
CLM4.5 A3 =" " max(¢ri — da,i,0)
with: ¢¢ 5 = (1 —0.7) X Pmin,i +0.7 X s i
CLM5.0 Al = Airr
CWatM A,f:;‘ — irr,cons
firr,eff
firref i 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 = maz(0, Spaddy — 0.05 m); Spaaay = the storage of flooded paddy rice (only for paddy rice land use)
DBH not represented _
HO8 Afry = AL+ A + Afp + AR
JULES-W1 not represented
LPJmL A = Alg, AT AT 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§w _ Apond + Are,global + Am’
wrr T e irr irr
mHM not represented
5
MPI-HM A::-‘i = Z(fim* X Sri,n) + fi'r*r X Swe
n=1
ORCHIDEE not represented
PCR-GLOBWB A = S .
Rgw + Qiu
VIC not represented
3 Airr 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 A

sw
rr,cons

Model Equation
CLM4.5 not represented
CLMS5.0 A'f:;‘,cons = Af;i;‘ - f:;,rf
CWatM For paddy irrigation:
Airr,cons = (di):zuddytmaz - (d;q;ddyt71 - Pefft))
ff;’ddyt = ;Z)ddyt71 + Pefft + Airr + Rin — Eosw dt
For non paddy:
Airr cons = Sso,T2L - Sso,ready (Sso,ready < Sso,cm't)
' 0 (Ssn,ready 2 Sso,crit)
Sso,r2L = Sso,FC — Sso,wpP
Sso,ready = Sso - SSO,WP
Sso,crit = (1 7p) X Sso,T?L + S.so,(V(};IET )
1 —0.6
P= 076+ 15xPET) AT »see [S1].
DBH not represented
HO8 Aipr = Airrcons T Airrioss + Ajrrr t
A'?;li‘,cons = fcons,A X A'f:;‘
'?:;",loss = flnst X (1 - fcnns,A) X Af’rl‘i
JULES-W1 not represented
LPJmL Airr,net = mam(07 Sso,FC’ - Sso,ready)
AiTT,gTOSS,G = A”‘T’net +)?17‘7‘,a])p - Sbuf B Xconv = 095’ see [7]
Airrapp = maz(0, (Sso,sat — Sso,rC) X A= Seoready)s sce [41]
Mac-PDM.20 not represented
MATSIRO Theoretically speaking, Ajr. cons = X X Ajf
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
sw U
PCR-GLOBWB Alrr cons = Row+ O X Aipr
VIC not represented
WaterGAP2 A'?;li‘,cons = A’i?"r‘,cons 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
CLM5.0
CWatM
DBH

HO8
JULES-W1
LPJmL

Mac-PDM.20
MATSIRO

mHM

MPI-HM
ORCHIDEE
PCR-GLOBWB
VIC
WaterGAP2
WAYS

not represented

sw sw
irrrf = fGySat X Aiw‘

sw

not represented

:}f;,rf = (1 - flost) X (1 - fr:ons,A) X A:;‘;« See [12]3 [24]

not represented

sw

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

irrrf = Air'r'

not represented

irr,rf — firT,eff X AirTvsee[lz]

A
irr,cons

irr,rf — Aim',gToss,G - A'i,rr,net - Azrr,a,pp - Eosw
Where: Eosw = (Airr,gross,G — Airrnet — Airrapp) X 0.5
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gw
dom

Table S59. Equations for domestic groundwater abstraction A

Model Equation
CLM4.5 not represented
CLMS.0 not represented
CWatM not represented
DBH not represented
HO8 Adom = Adom "+ Adom "
AGE = min(fyuuse % Adon e X 2222 )
AZZ;;LnTw = fgw,use X Adom,dem - Aggi,;: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 global reservoir), then from local reservoir (same cell or upstream cell). Then, rest of
water requirement unmet is taken from groundwater resource. Here, MATSIRO assumes unlimited groundwater
resource. A5 = Adom,dem — Adom

where Agom,dem is domestic sectoral water requirement.

mHM not represented
MPI-HM not represented
ORCHIDEE not represented
PCR-GLOBWB A = % X Adom,dem
VIC not represented
WaterGAP2 A9Y = Adom X fgw,use
Adom = C-° x POP
for C™ """ see [18].
WAYS not represented
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Table S60. Equations for domestic groundwater consumption A%

dom,cons

Model Equation

CLM4.5 not represented

CLMS.0 not represented

CWatM not represented

DBH not represented

HO3 Aglgm = Agg)m,cnns + Agziz),loss + Aglfm,rf
A%g}m,c()ns = fcons,A X Agom w
Ado'rrL,loss = flOSt X (1 - fCD"SaA) X AZOT’L

JULES-W1 not represented

LPJmL prescribed data offered by ISIMIP2b

Mac-PDM.20 not represented

MATSIRO only 10 % of domestic ~water wuse is assumed to be  consumptively used.
Theoretically speaking:
AZ:)L’YUL,COTLS = Xdom X Ag:ﬁm

mHM not represented

MPI-HM not represented

ORCHIDEE not represented

gw _ R_qu) Adom,cnns

PCR-GLOBWB Adom.cons = Ryw + Or X Ao dom

VIC not represented

WaterGAP2 Agfmwns = Adom,cons X fgw,use
— {Adom X Caom,cons, year < 2000

T Adom - Adom,rf, year > 2000

Starting with 2000 Agom,cons is based on return flow data, see [18].

WAYS not represented
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gw

Table S61. Equations for return flow from domestic groundwater abstraction Ay, ..

Model Equation
CLM4.5 not represented
CLMS5.0 not represented
CWatM not represented
DBH not represented
HO8 AGY o= (1= fiost) X (1= feons,a) X AJY  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
[39]).
mHM not represented
MPI-HM not represented
ORCHIDEE not represented A
qw _ ng dom,dem — Adom,cons
PCR-GLOBWB Adom’rf = Ry + 0w Ao aom
VIC not represented
WaterGAP2 Ag:;’mmf = Adom,rf X fow,use
A | Adom — (Adom X Caom,cons) year < 2000
domord = Adom,rf year > 2000
Starting with 2000 Agom,r s is based on wastewater volume data, see [18].
WAYS not represented

86



Table S62. Equations for domestic surface water abstraction Ajy,,

Model Equation
CLM4.5 not represented
CLMS5.0 not represented
CWatM not represented
DBH not represented
HO8 =AY L ATS AL 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).
fom = ATond 4 ATt L AT
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
PCR-GLOBWB dom = % X Adom,dem
VIC not represented
WaterGAP2 Agorm = Adom X (1 = fguw,use)
Adom = Co x POP
for C™“ ™% see [18).
WAYS not represented
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Table S63. Equations for domestic surface water consumption Agg.,, cons

Model Equation
CLM4.5 not represented
CLMS5.0 not represented
CWatM not represented
DBH not represented
HO8 (Siz:m = Afizum,cnns + A(sit)um,loss + Az’g)m,rf
Afii:m/,cons = fcons,A X Ajii)uma see [12]
Af;:m,loss = flué't X (1 - fCOﬂSaA) X Afi:)um
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: Az‘gjmm:ons = Xdom X Agl:m
mHM not represented '
MPI-HM not represented
ORCHIDEE not represented
sw Qiu Adom‘cons
PCR-GLOBWB dom,cons = Row + 0 Avormdom
VIC not represented
WaterGAP2 dom.cons = Adom,cons X (1 = fgw,use)
for Ao wone = Adom X Cdom,cons, year < 2000
' 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 A

sw

dom,rf
Model Equation
CLM4.5 not represented
CLMS5.0 not represented
CWatM not represented
DBH not represented
HO8 Aiz)m,rf = (1 - flost) X (1 - f(:ons,A) X Aglfm [24]a [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 Adom,rf = Adom,rf X (1= fgw,use)
Adom — (Adom X Caom,cons) year < 2000
Adom,rf =
Ado'm,'r'f year Z 2000
Starting with 2000 Agom,rs is based on wastewater volume data, for details see [18].
WAYS not represented
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Table S65. Equations for livestock groundwater abstraction A7

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
not represented
not represented
not represented
not represented
not represented
not represented
not represented
not represented
not represented
not represented
Agm _ Rg’w

B Row + 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 A

gw
liv,cons

Model

Equation

CLM4.5
CLMS5.0
CWatM
DBH

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

PCR-GLOBWB

VIC
WaterGAP2

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

gw _

Aliv,cons

liv,cons — R + Q
gw iu

not represented
not represented

Aliv,dem
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Table S67. Equations for livestock surface water abstraction

sw
liv

Model Equation
CLM4.5 not represented
CLMS.0 not represented
CWatM not represented
DBH not represented
HO8 not represented
JULES-W1 not represented
LPImL not represented
Mac-PDM.20 not represented
MATSIRO not represented
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
PCR-GLOBWB Ho = ot X Ativ,dem
VIC not represented
WaterGAP2 tiv = Aliv cons
WAYS not represented
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Table S68. Equations for livestock surface water consumption A7y .ons

Model

Equation

CLM4.5
CLMS5.0
CWatM

DBH

HO8
JULES-WI1
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
not represented
not represented

sw

liv,cons = R+ Qo

not represented

s 10
A;'zg,cons = Zi:l POP“’UJ xC

not represented

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

Model Equation
CLM4.5 not represented
CLMS5.0 not represented
CWatM not represented
DBH not represented
HoS Al = AT AL
Where:
A = minfyuuse X Amandem X 22272)
Afr]r?(::7w = fgw,use X Aman,dem - Ag:)a:tw
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.
A9 = Aind,dem — Aing Where Aind,dem is water requirement of the industrial sector.
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
gw ng
PCR-GLOBWB Alvan = 7ng O X Aman,dem
VIC not represented
gw e POP,
WaterGAP2 Anan = Anan X 55 P X Jgw,use
Afian = Coan 2% X GAV x Criah
WAYS not represented
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Table S70. Equations for manufacturing groundwater consumption A9, cons

Model Equation
CLM4.5 not represented
CLMS.0 not represented
CWatM not represented
DBH not represented
HO8 Agri‘(}n» = A"(r]r%n,cuns Afr;ll;n,loss + Afr;u:zn,rf
Agnutjzn,cons = fcons,A X Agn%n [43]
Ai;,lrjl,n,lnss = flost X (1 - fcons,A) X Agnul}l’n
JULES-W1 not represented
LPJmL not represented
Mac-PDM.20 not represented
MATSIRO 10 % of domestic water use is assumed to be consumptively used. Theoretically speaking:
A'Lg;,uri,cons = Xi"d X Af:;ud
where X;,q is overall water use efficiency of the industrial sector.
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
qgw _ gw A’ITLH,?‘L,L‘O”LS
PCR-GLOBWB A an,cons = Fow+ 0 Amandom
VIC not represented
WaterGAP2 Agnuiang:ons = (Afnan - Afnanﬂ‘f) X ﬁgi’z X f.l]w,use
Afan = Congn 727 X GAV x Crio”
c _ Afmm X Cman,cons year < 2000
T\ Ao+ ABe year > 2000
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 A

gw
man,rf

Model Equation
CLM4.5 not represented
CLMS.0 not represented
CWatM not represented
DBH not represented
H08 Afr’zu;ntrf = (1_flost) X (1 _fcons,A) X A?rilt;n
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; [39]).
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
PCR-GLOBWB AT = Ryw X Aman dem — Aman,cons
’ ng + Qiu Aman,dem
VIC not represented
gw
WaterGAP2 Ay = {A"ZZZ,CX e o, year =200
(ARen + Amar) X pope X fowuse, year > 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",

Model Equation

CLM4.5 not represented

CLMS5.0 not represented

CWatM not represented

DBH not used for ISIMIP2b

HO8 Aan = Alan + Al + Aljan + Aan
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 __ spond re,global I3
ind = Afng + AL + Ajna

mHM not represented
MPI-HM not represented
ORCHIDEE not represented
PCR-GLOBWB Ay = = X Aman.dem
ng + Qiu o
VIC not represented
sw POP,

WaterGAP2 A=A an X POPZ X (1= fow,use)

Ay = Criin'™ % X GAV x Clicl
WAYS not represented
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Table S73. Equations for manufacturing surface water consumption A7)0, cons

Model Equation
CLM4.5 not represented
CLMS5.0 not represented
CWatM not represented
DBH not represented
HO8 A::L‘)an = Ai:]an,cons + A::;m,,loss + Af:ﬁ;nn'f
Afréuan,cons = fcnns,A X Afrzzuan [12]
::VVV(LUan,loss = flost X (1 - fConS,A) X Aj:}an
JULES-W1 See [12]
LPImL 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:
'f:LUd,cons = Xina X f;fd
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
PCR-GLOBWB A cons = i Aman,cons
' ng + Qiu Aman,dem
VIC not represented
WaterGAP2 A% cone = (A — Aranrg) X POLE 5 (1= i)
Afan = Crgn' 727 X GAV x Cri”
c _ A:;zan X O’man,cons year < 2000
el A+ At 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 A

sw
man,rf

Model Equation

CLM4.5 not represented

CLMS5.0 not represented

CWatM not represented

DBH not represented

HO8 f’::,‘;z,n,rf = (1 - flost) X (1 - feonsA,A) X A:::zn 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 (surface water; [39]).

mHM not represented

MPI-HM not represented

ORCHIDEE not represented

PCR-GLOBWB not represented

VIC not represented

W GAPZ sw Afrzzuan X cman,cons year < 2000
ater Tt T (A + AR x B9 x (1~ fyuuse)  year > 2000

For details on manufacturing cooling and waste water see [18].
WAYS not represented

99



Table S75. Equations for electricity surface water abstraction

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 represented in table S72.
mHM not represented
MPI-HM not represented
ORCHIDEE not represented
PCR-GLOBWB not represented

VIC not represented
WaterGAP2 ::;‘é = Z?:l Jele,prod,i X Jele,A,ints,i (Jele,coo,iy Jele,pt,i) X C:;iechchangerate
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 A,

Model Equation

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 Agw = AT — A9V
mHM not represented
MPI-HM Agw = A
ORCHIDEE not represented
PCR-GLOBWB not represented

VIC not represented
WaterGAP2 Agw = AT — A9Y
WAYS not represented




Table S78. Total lake abstraction A;,

Model Equation

CLM4.5 not represented

CLMS5.0 not represented

CWatM not represented

DBH not represented

HO8 not represented

JULES-W1 not represented

LPJmL Ala = (Airr,gross,G + Ahil,G) + (Aimxg'ross,Gdownstream + Ahil,Gdownstream)

Mac-PDM.20 not represented

MATSIRO not represented

mHM not represented

MPI-HM Aa = A3Y,

ORCHIDEE not represented

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

VIC not represented

WaterGAP2 Ao = Agom + Adle + Al + Al + Avan
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

CLMS5.0 not represented

CWatM not represented

DBH not used for ISIMIP2b

HO8 ATE - Adom,month + Aind,month + Alm',month

JULES-W1 not represented

LPJmL Are = (Av’,'rr,gross,G + Ahil,G) + (Airw",gross,Gduw7Lst7'cu7n + Ahil,Gdo’wnst'rcwm)

Mac-PDM.20 not represented

MATSIRO Are = Agom + Aina + 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 Are = Ajgm + Adle + Alf + Al + Ao
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 A,;

Model Equation
CLM4.5 not represented
CLM5.0 Ari = Airr
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 combined with lake abstraction
ORCHIDEE not represented
PCR-GLOBWB not represented
VIC not represented

WaterGAP2 Avi = Afgr, + AL+ ASY + Al + Avan
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

CLMS5.0 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 + Amuni

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 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 = feons, A X Aocean
Where fcons,4 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,rf

Model Equation

CLM4.5 not represented

CLMS5.0 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 fi,s¢ 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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Table S84. Glossary with variables used in the study

Symbol Dimension Variable: with synonyms Definition
(L = length;
T =time)
A L3211t water abstraction: water amount of water extracted, from surface water or groundwater, by humans
withdrawal 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 L3L2T? potential water abstraction:  amount of water extracted by humans considering unlimited water supply.
potential water withdrawal
Agct L3227t actual water abstraction: amount of water extracted by humans considering water availability.
actual water withdrawal
Acons L2t water consumption: water part of water extracted that evapotranspirates during use of purpose.
use
Adom L2t domestic water abstraction:  amount of water extracted by humans for households and small businesses.
domestic water withdrawal
Acle L2t electricity water amount of water extracted by humans to cool thermal and nuclear power
abstraction: electricity plants, which are using the heat, obtain by burning of fossil fuels, gas,
water withdrawal biomass or through nuclear energy, to produce electricity.
Airr L2t irrigation water abstraction: ~ amount of water extracted by humans for use in agricultural irrigation.
irrigation water withdrawal
Aind L2t industrial water abstraction:  amount of water extracted by humans for use in industrial sector, in some
industrial water withdrawal ~ models this sector includes manufacturing and electricity sectors.
Ay L2t livestock water abstraction: ~ amount of water extracted by humans for livestock production.
livestock water withdrawal
Apman L3L2Tt manufacturing water amount of water extracted by humans in factories, for producing goods.
abstraction: manufacturing
water withdrawal
A L2t return flow from water part of water extracted by humans that returns into the soil, groundwater,
abstraction: return flow lake, reservoir, river and ocean.
from water withdrawal
Ao L3L2T7! seawater abstraction: seawater or saline and brackish water extracted by humans to be used for
seawater withdrawal various economic sectors, for example, for domestic and manufacturing
sectors or for electricity production.
Eg L3L2Tt evaporation from soil: amount of water that changes from liquid to vapor from the bare soil (not
evaporation from bare soil through vegetation).
E., L2t canopy evaporation: amount of water accumulated on the vegetation that changes from liquid to
evaporation of the water vapor.
intercepted by canopy,
interception loss
Epa L3L2T7! evaporation from lake water that changes from liquid to vapor from a lake.
Ere L3L2T7! evaporation from reservoir ~ water that changes from liquid to vapor from a reservoir.
Ey L3L2T1t evaporation from river water that changes from liquid to vapor from a river.
Esn L3L2T1t sublimation: evaporation water that changes from solid (snow and ice) to vapor.
from snow
AET L3L2T7! actual evapotranspiration: total amount of water from transpiration, evaporation, interception losses,

total evapotranspiration

and sublimation, considering water availability.
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Prot
Qiu

Qiv

R gwr

Rho

|_3 |_-2 T-l

L3 L-2 T-l
|_3 |_-2 T-l
|_3 |_-2 T-l
|_3 |_-2 T-l

L3 L-2 T-l

L3 L-2 T-l

|_3 |_-2 T-l

|_3 |_-2 T-l

L3 L-2 T-l

|_3 T-l

L3 T-l

L3 T-l
L3 T-l

|_3 T!

|_3 T!
|_3 |_-2 T!

|_3 |_-2 T-l

|_3 |_-2 T!

L3 L-Z T!

|_3 |_-2 T-l

L3 L-Z T!

|_3 |_-2 T-l

L3 L-Z T!

potential evapotranspiration

evaporation from wetland
snowmelt

dew

drip

rainfall

snowfall
stemflow
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

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.

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 a
river.

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
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Rsat

|_3 |_-2 T-l

L3 L-2 T-l

|_3 |_-2 T-l

L3L2

L3L2

L3L2

L3 L-2

L3L2

L3L2

|_3 |_-2

L3L2

L3L2
L3L2

L3L2

L3L2

L3 L-Z T!

saturation excess overland
flow: saturation overland
flow, saturation excess
runoff, Dunne runoff
surface runoff: overland
flow, fast runoff, flood
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

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.

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 D&ll 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.
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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, CWatM, 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, HO08,
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.

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 COzconcentrations/  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 HO08

correspond to RCP

2.6 and 6.0 from

2006 — 2299
MIRCA2000 irrigated and rainfed LU Portmann et 1998 — 0.5°x0.5°  monthly H08, 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 26/

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. & Ddll, 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 1kmx1km static MPI-HM
(subgrid slope distribution) Gates, 2003
River-routing network DDM30? (Délland  30°x30° (0.5°x05°) static CLM4.5, CLM5.0, CWatM, H08, LPJmL, MPI-
Lehner, 2002) HM, PCR-GLOBWB?®, WaterGAP2
TRIP model MATSIRO
Simulated ORCHIDEE
Topological
Network (STN-
30p) (Vorosmarty
et al., 2000) mHM
HydroSHEDS!ener
et al., 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-GLOBWB,
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 Ddll, 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 (Déll 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

Déll, P., Lehner, B. (2002): Validation of a new global 30-minute drainage direction map. Journal of Hydrology, 258(1-4), 214-231.

Florke, M., Kynast, E., Bérlund, I., 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.
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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. PL0S one, 12(2).

Lehner, B. and Dadll, 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.

Messager, M. L., Lehner, B., Grill, G., Nedeva, I., and Schmitt, O.: Estimating the volume and age of water stored in global lakes using a geo-statistical
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., Flérke, 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 1kmx1km 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 (hnumber 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 WaterGAP?2
(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

3. Jones, B., O’Neill, B. C. (2016): Spatially explicit global population scenarios consistent with the Shared Socioeconomic Pathways. Environmental
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 m?2s) / monthly

gsb (kg m2st) / monthly

gr (kg m?2 sty / 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 m? 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, HO8, 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, HO08, 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, HO08, 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. Representation of the canopy and snow water storage compartments in the ISIMIP2b GWMs included in the global

water sector

CLM4.5

CLM5.0

CwatM

DBH

HO08

JULES-
w1

LPJmL Mac-

PDM.20

MATSIRO mHM

MPI-
HM

ORCHIDEE

PCR-
GLOBWB

VIC WaterGA  WAYS
P2

Canopy v
storage (Sca)
Inflow

total
precipitation
(Ptot)

rainfall (Py,)
snowfall (Ps,)
dew (Pge)
precipitation
intercepted by
canopy
storage (Pint)
Outflow
canopy v
evaporation
(Eca)
throughfall
(Pw)

Snow storage v
(Ssn)

snow held on
the canopy
(Ssoc)

snow under
the canopy
(Ssuc)

Inflow
snowfall (Ps,)
Outflow
sublimation v
(Esn)

snowmelt (M) v

ANENENEN

<

<

<

v

ANENENEN

v

v

v

v

v

v

4

v

v

v

v

ANENENEN

4

v

v

v

v

v

v

v

v

ANENENEN

v

v

v

v

v

v

v

v

v

AN NN

v

ANANEN

v v v

Legend: v' = included in the model; empty space = not included in the model, Bold = LSMs, Italic = GHMs, Underline = DGVM.
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Table S94. Representation of the soil storage in the ISIMIP2b GWMs included in the global water sector

CLM4.5

CLM5.0

CwWwatM DBH HO08

JULES LPJmL Mac-

-W1

PDM.20

MATSIRO mHM

MPI-
HM

ORCHIDEE

PCR-
GLOBWB

C

WaterGAP2  WAYS

Soil storage (Sso)
Inflow

infiltration (Rin)
capillary rise (Rer)
return flow from
human water use
(Arf)

Outflow

actual
evapotranspiration
(AET)

potential
evapotranspiration
(PET)
transpiration (T)
evaporation from
s0il (Eso)

surface runoff
(Ra)

Hortonian
overland flow
(Rho)

Saturation excess
overland flow
(Rea)

interflow (Rif)
percolation (Rpe)
groundwater
recharge (Rgur)

ANENENEN

4

SNENENENAN

v

ANENENEN

v
v
4

v
v
v

v

v
v
v

v

v
v
v

SNENEN

v
v
v

ANENENEN

v

v
v
v

v
v
v

v
v
4

ANENENEN

ANANEN

ANRNEN

Legend: v' = included in the model; empty space = not included in the model, Bold = LSMs, Italic = GHMs, Underline = DGVM.
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Table S95. Representation of the groundwater storage in the ISIMIP2b GWMs included in the global water sector

CLM45 CLM50 CWwatM DBH  H08 JULES- LPJmL  Mac- MATSIRO mHM MPI- ORCHIDEE  PCR- VIC  WaterGAP2 WAYS
w1 PDM.20 HM GLOBWB

Groundwater v v v v v v v v v v v
storage (Sqw)
Inflow v v v v v v
groundwater v v v v v v v v v v v v v v v v
recharge
(seepage) (Rgur)
return flow 4 v v v v v v
from human
water use (Arf)
Outflow
capillary rise v v v v X
(Rer)
groundwater v v v v v v v v v v v v v v v v
runoff (Rgw)
groundwater v v v v

withdrawal for
human water
use (Agw)

Legend: v' = included in the model; empty space = not included in the model, Bold = LSMs, Italic = GHMs, Underline = DGVMs.

127



River
storage
(Sri)

Inflow

total
precipitation
(Ptot)

rainfall (Pra)

snowfall
(Psn)

inflow from
upstream
surface
water bodies
(Qiv)

surface
runoff or
overland
flow or fast
runoff (Rsu)
Hortonian
overland
flow (Rno)
Saturation
excess
overland
flow (Rsa)
interflow
(Rif)
groundwater
runoff (Rgw)

return flow
from human
water use
(Ar)
Outflow
streamflow
or outflow
or discharge
(Qr)

water
withdrawal
for human
water use
from river
(Ari)
evaporation
from river

(Ex)

Table S96. Representation of the river storage in the ISIMIP2b GWMs included in the global water sector

CLM45 CLM50 CwatM DBH H08 JULES- LPJmL  Mac- MATSIRO mHM  MPI- ORCHIDEE PCR- VIC  WaterGAP2 ~ WAYS
w1 PDM.20 HM GLOBWB
v v v v v v v v v v v v v
v
v v
v v
v v v v v v v v v v v v
v v v v v v v v v v v v
v v v v v v
v v v v v
v v v v
v v v v v v v v v v v
v v v v v
v v v v v v v v v v v v
v v v v v v v
v v v

Legend: v" = included in the model; empty space = not included in the model, Bold = LSMs, Italic = GHMs, Underline = DGVMs.
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Table S97. Representation of the lake storage in the ISIMIP2b GWMs included in the global water sector

CLM45 CLM5.0 CwatM DBH HO8 JULES- LPJmL  Mac- MATSIRO mHM  MPI- ORCHIDEE PCR- ViC
w1 PDM.20 HM GLOBWB

WaterGAP2 ~ WAYS

Lake v v v v

storage
(Sla)
Inflow
total v

precipitation

(Prot)

rainfall (Pra) v v v
snowfall v v v
(PS?’I)

inflow from v

upstream

surface

water

bodies (Qiu)

surface v
runoff or

overland

flow or fast

runoff (Rsu)

Hortonian

overland

flow (Rno)

Saturation

excess

overland

flow (Rsa)

interflow v v
(Rif)

groundwater v v
runoff (Rgw)

return flow v v
from human

water use

(Ar)

Outflow

evaporation 4 v v v
from lake

(Ela)

outflow v v v
from lake

(Qna)

groundwater v v v v
recharge

(Rgwr)

water v v
withdrawal
for human
water use
from lake
(Ala)

v

Legend: v' = included in the model; empty space = not included in the model, Bold = LSMs, Italic = GHMs, Underline = DGVMs.
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Table S98. Representation of the reservoir storage in the ISIMIP2b GWMs included in the global water sector

CLM45 CLM5.0 CwatM DBH H08  JULES- LPJmL Mac- MATSIRO mHM  MPlI ORCHIDEE PCR- VIC WaterGAP2 WAYS
W1 PDM.20 -HM GLOBWB

Reservoir v v v v v v
storage (Sre)

Inflow

total v v
precipitation

(Prot)

rainfall (Pr,)

snowfall (Ps,)

inflow from v
upstream

surface water

bodies (Qiu)

surface v v v
runoff or

overland

flow or fast

runoff (Ry,)

Hortonian v

overland

flow (Rno)

Saturation v v
excess

overland

flow (Rsar)

interflow v v

(RiU)

groundwater v v v v
runoff (Rgw)

return flow v v v v
from human

water use

(A)

Outflow

evaporation v v v v
from

reservoir

(Ere)

outflow from v v v v v
reservoir

(Qre)

groundwater v v
recharge

(RQWT)

water v v v v v
withdrawal

for human

water use

from

reservoir

(Are)

ANANERN

Legend: v' = included in the model; empty space = not included in the model, Bold = LSMs, Italic = GHMs, Underline = DGVMs.
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Table S99. Representation of the wetland storage in the ISIMIP2b GWMs included in the global water sector

Wetland
storage (Swe)
Inflow

total
precipitation
(Prot)

rainfall (Pra)
snowfall (Psn)
inflow from
upstream
surface water
bodies (Qiu)
surface runoff
or overland
flow or fast
runoff (Rsu)
Hortonian
overland flow
(Rno)
Saturation
excess
overland flow
(Rsat)
interflow (Rif)
groundwater
runoff (Rgw)
Outflow
groundwater
recharge (Rgwr)
evapotranspira
tion (PET)
transpiration
m
evaporation
from wetland
(Ewe)

outflow from
wetland (Qwe)

CLM45 CLM5.0 CWatM DBH H08 JULES LPJmL Mac- MATSIRO mHM MPI- ORCHIDEE PCR- VIC  WaterGAP2  WAYS
-W1 PDM.20 HM GLOBWB
v v
v v
v v
v v
v
v
v
v
v v
v v

Legend: v' = included in the model; empty space = not included in the model, Bold = LSMs, Italic = GHMs, Underline = DGVMs.
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Table S100. 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 Re R O S G LRR R OG L R RR, OS G L RRR OGL RROSGLIRIR O
CLM45 v %
CLMS5.0 v

v v v v v v v v v v v v v v v
CwatM v
HO8 v v v v v v v v v
LPImL v v
MATSIRO v v 7 v v % v
MPI-HM! v v v

v v v v v v v v v v v v
PCR-
GLOBWE 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 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 S101. Human water use sectors included in the Global Water Models — Part 11

Manufacturing Electricity Desalination
. . Water
Water withdrawal Return flow Water withdrawal Return flow . Return flow
Model o o withdrawal o
(source) (destination) (source) (destination) (destination)
(source)
G LRR OSGLRROGLIRROS GLRROG GVLRRUOISWS 5L R R ISW
CWatM v v v v v v v v v v
HO08 v v v v v
MATSIRO v v v v
PCR-GLOBWB v v v v Vv v v v v vV v v v v v v
WaterGAP2 v v v v v v 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.
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Table S102. 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 S103. 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.
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