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Increasing forcing metric

Figure S1: Ensemble histogram of forcing metrics from LENS with explicit TWS (grey bars) and accumulating residuals of the water
balance (white bars) with the satellite observations from GRACE/AIRS/GPCP/CERES (solid black line) and the alternate observations
from GRACE and ERA-Interim (dashed black line), averaged across land regions within different latitude bands.



VPD PPT Sw)

T T[T T T T T T T[T T[T T T T [ TT T T[T [T I I O I I T I T T] (ITT Ir re TTr  r rg TT[TTTroerTT
]

r 1F T [ i T
[ ] 1L 1L 1 ]
s 1 1t 1k (I
§15 N f 1r 1r "
6 I . 1t 1t 1 1 Boreal
gL " 1F 1F 1 GON=70N)
5 | f 1F 1F 1]
g I 1 1r 1r 1]
E 5 I 1r 1
z ] 1L 1L ] ]
L 1 1F 1F 1 ]
o Lot b b bbb 3 Bt bl bbbl B bbb w1
i 1 1F I 1F i -
H 1 1F " 1F I .
5.1 1 1r I 1r [ ]
£ ' 16 b r ' ]
g 1 It I It 1 J
5 I 1 1F I JE ) ] Teznperatoe
Zof ' Jc . JC : 1 (30°N=45°N)
5 ] 1 1L I 1L 1 ]
s | 1 1t I 1t [ J
E 54 1 1 " 1r 1 =
N 1 1r I 1r [l ]
1 1 1 " 1L 1 ]
0 IIIIIIII|Il|I|IIII IlIIIIIII 1111 IIIIIIIII lllllIIIIIIII||I|I|IIlII|IIIIIIIIIIIIII lIII]IIIIIIIIllIII. llIllIIIlIIIIlIIIIIIIIIIIIII
L it 1 1t 1 1
I | 1L ] 1E 1 ]
A | 1t 1t 1 1
215y A0 Ein 1 7]
S | 1r 1 als 1 ] )
e [ 4 3 I - 1t » 1 Tropical
G0y 1F » 1r 1 4 (20°S-20°N)
5 F 1t 1 1t 1 .
g [ 1L 1 1L 1 ]
Es5- 1 4 a1r 1 -
z [ 1L 1 1L 1 ]
[ 1EF 1 1EF L] ]
olmt v v v Ay T bbbt Bl g
-03 04 05 02 03 04 05 06 01 02 03 -04 05
Prwsa,, veD, P1wsa,, PPT, Prwsa,.swy,

>

Increasing response metric

Figure S2: Ensemble histogram of response metrics from LENS with explicit TWS (grey bars) and accumulating residuals of the water
balance (white bars) with the satellite observations from GRACE/AIRS/GPCP/CERES (solid black line) and the alternate observations
from GRACE and ERA-Interim (dashed black line), averaged across land regions within different latitude bands.
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Figure S3: Comparison of explicit total water storage output with the accumulated residuals of precipitation, evapotranspiration, and total
runoff (surface and subsurface) for LENS.




