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Section S1 Additional figures

a) DE16 b) DE25 c) DE25c

1.0 - 70 1.0 ~ 70 1.0 - 70
bias=0.05 bias=0.06 bias=0.04
c-rmse=0.07 7 crmse=0.05 o e crmse=0.05 o S

0.8 {r2=0.40 N ° - 0.8r’=0.59 o @ e e 081r’=0.65 o @ ] e,

& 2 ’ 0 g 10 . y 10 8
£ 06 ‘ £ o , £ o ; ox ° -
E < o 2 2 £
= 04 8 y 8 { . 5]
5 = : = ! 1% ~ =

s 13 13 { 13
~t (] C B %] “¢5, (]

0.2 4 y=0.64x+0.20 . .

-1 kPa
0.0 +- . . . . 0.1 ) 0.1 . 0.1
00 02 04 06 08 1.0 . . . . . . . . . . . .

1.0 ~ 70 1.0 - 70 1.0 ~ 70
bias=0.05 o bias=0.06 y bias=0.05 y
c-rmse=0.06 yd c-rmse=0.06 i c-rmse=0.06 i

0.8 {r?=0.67 0.81r=0.73 / 0.8 {r?=0.74

P 108 108 Y/ 108
: s ‘ s s
£ 0.6 2 o 2 0.6 o ; 2
33 [ / [ A [
E g £ il £ . £
3 0.4 1 2 : 1 2 041 ' ®% 1 2
Q : ° 4 g
= > 3 3 ‘ 3 : 3

0.2 ¢ op V=0.90x+0.08 24 ® . / y=0.96x+0.07
s -10 kPa g P -

0.0 +- : : : : 0.1 ) 0.1 . — : : 0.1

00 02 04 06 08 1.0 X . . . . . . . . 06 08 1.0

1.0 - 70 1.0 ~ 70 1.0 - 70
bias=0.05 o bias=0.05 S bias=0.03 7
c-rmse=0.06 pa c-rmse=0.05 o c-rmse=0.05 a

0.8 {r2=0.69 0.8 r2=0.72 0.8 {12=0.72

P 108 108 108
[ - = = =
£ 061 g g o e 0 g
.
£ € _ g € 2n® 1S
= o4 g C 5] e 8 S
o 0.41 4 - L .
= = =
= g 1 5 1 3 1 3
(] — w w
0.2 &k P"€ e y=0.90x+0.07 21 ¢ s . '
om -100 kPa @ :
0.0 + : . ; : 0.1 . 0.1 . R 0.1
00 02 04 06 08 10
1.0 - 70 1.0 - 70 1.0 - 70
bias=0.03 bias=0.03 bias=0.01
c-rmse=0.05 L c-rmse=0.04 ,/ c-rmse=0.04 e
0.8 {r?=0.70 0.81r?=0.73 0.8 {r?=0.73
P 10§ 108 10§
: o s , s o s
E 06 £ 067 £ 067 £
E 2 = =
3 04 ) ‘;3 0.4 - ) 2 0.4 Crd ) S
o
= 3 3 3

0.2 4 y=0.93x+0.04 0.2 7 y=0.91x+0.04 02 5 y=0.88x+0.02

-1500 kPa ‘e ST
0.0 +2 : . : . 0.1 0.0 H—— ‘ . . 0.1 0.0 - . : . 0.1
00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 1.0
Wops (m3.m~3) Wobs (M>.m=3) Wops (m3.m~3)

Figure S1. Comparison between predicted and observed volumetric water contents, w (m3,m73), at four matric potentials (-1, -10, -100, and
-1500 kPa) for the Kristensen et al. (2019) water-retention dataset. The figure follows the same design as Figure 5 in the companion paper
(Decharme, 2025), but reports results for the three parameterizations considered here: (a) DE16, (b) DE25, and (c) DE25c. Points are colored
by soil organic matter (SOM) content (%), the blue line shows the least-squares regression and the dashed line indicates the 1:1 relationship.
Regression diagnostics (equation, bias, c-rmse, and 7-2) are provided in each panel.
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Figure S2. Comparison between predicted and observed saturated hydraulic conductivity, ksq; (m,s 1), using the SoilKsatDB dataset (Gupta
et al., 2021). The figure follows the same design as Figure 8 in the companion paper (Decharme, 2025), but reports results for the three
parameterizations considered here: (a) DE16, (b) DE2S5, and (c) DE25c¢. Points are colored by soil organic matter (SOM) content (%); the
blue line shows the least-squares regression and the dashed line indicates the 1:1 relationship. Regression diagnostics (equation, bias, c-rmse,
and 72, with the value in parentheses computed in log-space) are provided in each panel. Panel (d) focuses on samples with SOC content >
8%.



depth = 0.5 cm

depth =7 cm

depth = 50 cm

depth = 90 cm

depth = 175 cm

0 01 02 03 04 05 06 0.7 08 0 01 02 03 04 05 06 0.7 08 0051 2 3 5 8 12 16 20 25 02 04 06 08 1 121415 16 1.7
kg kg=* kg kg™t % gecm™3

Figure S3. Global distributions of SoilGrids input variables sampled at five representative depths (0.5, 7, 50, 90, and 175 cm) along the ISBA
soil vertical profile. From left to right, the panels show the sand mass fraction (fm.,,, ), the clay mass fraction (fm,,,,, ), the soil organic
carbon mass fraction (fy,,. ), and the bulk density (ps). For each map, the global mean (Z) and standard deviation (o) are indicated.



0b,, DE25

7

=0.5cm

depth

depth =7 cm

depth = 50 cm

=90cm

depth

depth = 175 cm

145 1.5 155 1.6 1.65 1.7 1.75 1.8 1.85 1.9 0.75 0.78 0.81 0.84 0.87 09 0.93 0.96 0 01 02 03 04 05 06 07 08 09 1
gem™ - gem=?

Figure S4. Global distributions of the mineral-phase bulk density py,,, diagnosed in DE25, the compacted mineral-phase bulk density pj
diagnosed in DE25c, and their ratio py,,, /p,,, (dimensionless), together with the diagnosed organic-phase bulk density ps,,,,, for DE25
and DE25c, following the same layout and annotations as Supplementary Figure S3. Bulk densities are expressed in g cm 3. Hatched areas
in the ps,,, panels indicate grid cells where the numerical regularization is active, i.e., where f;, > fm.,,, in the computation of ps,,,
(Equations 2 and 3).
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Figure S5. Global distributions of the volumetric organic matter fraction, f,,, (m®,m~2), diagnosed on the ISBA grid for the three pa-
rameterizations considered here (columns: DE16, DE25, and DE25c), using the same layout and annotations as Supplementary Figure S3.
Hatched areas in the DE25 and DE25¢ panels indicate grid cells where the numerical regularization fy, . is active as in Figure S4.
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Figure S6. Global distributions of the ISBA soil porosity at saturation, ws.: (m®,m~3), diagnosed at five representative depths of the soil
profile (0.5, 7, 50, 90, and 175 cm). The first column shows wsq: in the mineral control experiment (CTL). The three other columns show
differences relative to CTL (noted Awsq:) for DE16, DE25, and DE25c. For each map, the inset reports the spatial mean z and standard
deviation o over land points for the corresponding experiment (not for the differences).
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Figure S7. As in Supplementary Figure S6, but for the soil available water content
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Figure S8. As in Supplementary Figure S6,
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in Supplementary Figure S6, but for the soil air-entry pressure head, ¥sq+ (m).
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Figure S10. As in Supplementary Figure S6, but for the saturated hydraulic conductivity, ksq: (107 m.s™1).
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Figure S11. As in Supplementary Figure S6, but for the volumetric heat capacity of the dry solid matrix,
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Figure S12. As in Supplementary Figure S6, but for the volumetric soil heat capacity at saturation, C's
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Figure S13. As in Supplementary Figure S6, but for the soil dry thermal conductivity,
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Figure S14. As in Supplementary Figure S6

11



CTL DE16 - CTL DE25 - CTL DE25c — CTL

- -

Surface runoff

Drainage

0 01 03 05 1 15 2 3 4 5 -03 -025 -0.2 -0.15 -0.1 -0.05 -0.01 0.01 0.05 0.1

Soil evaporation

Plant transpiration

-0.01 0.01 0.05 0.1 0.15 0.2 0.25 0.3
A (mm day™t)

Figure S15. As in Figure 9, but for the 1979-2010 mean surface runoff, drainage, bare soil evaporation, and plant transpiration. Surface
runoff and drainage are the two components of total runoff considered here, while bare soil evaporation and plant transpiration are shown to
document the main land-surface partitioning of total evapotranspiration.
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Climatology over 1979-2010 Interannual anomalies of annual means over 1979-2010
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Figure S16. Regional temporal diagnostics over a SOC-rich Siberian domain, 40°E to 180°E and 45°N to 85°N, for CTL, DE16, DE25, and
DE25c¢ over 1979 to 2010. The left column shows monthly climatological cycles of evapotranspiration, ET, total runoff, Q¢.¢, soil saturation
degree, Ssqt, at 7 cm and 1 m depth, and soil temperature, T4, at 7 cm and 1 m depth. Values in parentheses in the legends indicate the
corresponding 1979 to 2010 means. The right column shows interannual anomalies of annual means, computed after removing the 1979 to
2010 mean of each experiment.
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