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1. Statistical relationship for Ky based on soil properties
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Figure S1. Measured (Kaiser et al., 1996) and modelled (Eq. 15 in manuscript) distribution coefficient Kp, as a
function of clay and pH. The line is the 1:1 line.



Measured versus modelled soil water content (SWC)
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Figure S2. Measured versus modelled soil water content (SWC) for Brasschaat at three soil depths: A)
25 ¢cm, B) 50 cm, C) 100 cm
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Figure S3. Measured (from FLUXNET dataset) versus modelled soil water content (SWC) for Hainich

at two different horizons: A) Topsoil, B) Subsoil.

Different colours show SWC modelled by

ORCHIDEE from 0 to 20 c¢m for the topsoil and from 20 to 200 cm for the subsoil.
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Figure S4. Measured versus modelled soil water content in Carlow grassland at three depths: A) 10 cm,

B) 20 cm, C) 50 cm
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Figure S5. Measured versus modelled soil water content in Carlow cropland. The grey line indicates the
soil water content modelled using a soil capacity soil water model (Kindler et al., 2011; Walmsley et

al,, 2011)



3. Optimization of the GPP-related parameters

Table S1. Values of the optimized parameters before and after the optimization.

Prior Optimized
Site Parameter

value value

Maximum LAI 5.0 6.81

Threshold of LAI below which plant uses carbohydrate reserves 0.5 0.42

Specific Leaf Area 0.009 0.014

Braaschaat

Maximum temperature for photosynthesis 55.0 57.22

Minimum temperature for photosynthesis -4.0 0.93

Maximum rate of Rubisco activity-limited carboxylation at 25°C 35.0 23.57

Maximum LAI 5.0 6.24

Threshold of LAI below which plant uses carbohydrate reserves 0.5 0.66

Specific Leaf Area 0.026 0.032

Hainich

Maximum temperature for photosynthesis 55.0 57.02

Minimum temperature for photosynthesis -4.0 -6.03

Maximum rate of Rubisco activity-limited carboxylation at 25°C 55.0 38.87

Maximum LAI 5.0 3.26

Threshold of LAI below which plant uses carbohydrate reserves 0.5 0.40
Carlow Specific Leaf Area 0.026 0.018
Cropland Maximum temperature for photosynthesis 55.0 54.18
Minimum temperature for photosynthesis -4.0 -3.95
Maximum rate of Rubisco activity-limited carboxylation at 25°C 70.0 55.46




4. RMSE and NRMSE values

Table S2. Comparison of mean monthly DOC (mg L) and standard deviations (%) from measurements and

from ORCHIDEE-SOM. The root-mean-square error (RMSE) and the normalized root-mean-square error

(NRMSE) by the mean value of the measurements are reported. The goodness of fit classification is based on

criteria described in section 2.3.3.

Mean SD Mean
Site Depth measured measure modelled RMSE | NRMSE (%) | Goodness of fit
(cm) DOC ments DOC
Brasschaat 10 39.2 31 127.3 89.3 227.8 Bad
Brasschaat 35 30.4 31 33.7 10.5 345 Good
Brasschaat 75 223 19 9.9 13 583 Fair
Hainich 5 16.7 34 17.5 5 29.9 Very good
Hainich 10 9.2 34 5.5 5.4 58.7 Good
Hainich 20 6.6 57 3.1 5.5 83.3 Good
Carlow Grassland Box 1 | 10-30 8.5 31 133 5.6 65.9 Fair
Carlow Grassland Box 1 | 60-75 3.6 26 2.8 1.4 38.9 Good
Carlow Grassland Box 2 | 10-30 14.2 28 133 4.75 335 Good
Carlow Grassland Box 2 | 60-75 6.3 24 2.8 3.1 49.2 Good
Carlow Cropland 30-40 4.2 23 4 1.2 28.6 Good
Carlow Cropland 30-40 42 23 1.6 3 71.4 Fair




5. Model sensitivity to parameter changes

In order to test the sensitivity of the model to the SOC and DOC residence times and diffusion coefficients, we
perform a set of simulations varying such parameters (Table S1). The selection of the parameter values is based

on literature or prior knowledge.

Table S3. Parameter values used for each simulation of the sensitivity test

DOC_ | Carbon tau | Carbon tau | Carbon ta

Simulation CUE Dif D DOC
TAU active slow u_passive
Reference | )
0.5 1.3 1 6 462 2.74E-7 | 1.0627E-5
(default)
CUE2 0.35 1.3 1 6 462 2.74E-7 | 1.0627E-5
DOC TAU2 0.5 60 1 6 462 2.74E-7 | 1.0627E-5
Carbon_tau_acti
h 0.5 1.3 0.149 6 462 2.74E-7 | 1.0627E-5
ve2
Carbon_tau_slow
_2 h 0.5 1.3 1 3 462 2.74E-7 | 1.0627E-5
Carbon_tau pass
0.5 1.3 1 6 241 2.74E-7 | 1.0627E-5
ive2
Dif2 0.5 1.3 1 6 462 le-6 1.0627E-5
D DOC 0.5 1.3 1 6 462 2.74E-7 le-4

'Except for Hainich, where the default CUE is 0.35 and for the simulation CUE2, CUE is 0.5
*Except for Brasschaat, where the default DOC_TAU is 60 and for the simulation DOC_TAU2 is 1.3
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Figure S6. DOC concentrations along the soil profile simulated by the 7 sensitivity tests at the 4 studied sites.
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Figure S7. SOC stocks along the soil profile simulated by the 7 sensitivity tests at the 4 studied sites.
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