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Table S1. The ten most important parameters (P) determining model sensitivity, measured as ranked partial correlation coefficient (RPCC),

for each of the eight variables shown in Fig. 8 at the example of FR-Hes and reference to the respective parameter description table in the

Supplementary Materials (T). The variables are GPP, net N/P mineralisation, vegetation and ecosystem C, as well as leaf C:N:P. The param-

eter names are color-coded, the red color is referring to photosynthesis related parameter, blue to soil biogeochemistry, cyan to vegetation

growth and dynamics and black to water balance.

GPP PyH, Ppo, Leaf C:N
Rank P RPCC T p RPCC T P RPCC T P RPCC T
1 Toptodecomp 097 M2 | Toptdgecomp 093 23 | Topidecomp 089 M4 | Toptdecomp 096 M2
2 Egtrue -0.85 M7 | nciitiersfase 058 M2 Khelh N 067 M4 Erp 0.80 M3
3 NC fast—siow 072 M2 Eorp 053 M3 | negittersfast  -0.65 M4 kgtrue -0.80 M7
4 netitter— fast =071 M2 | nc fastssiow 052 M2 Xieaf 0.63 M7 sla 070 M3
5 base 063 M2 Dse 050 M2 | Nefastoeiow <061 M4 | neiitersjase 068 M4
6 sla -0.58 M7 eat 041 M3 | xgopcn 036 M4 | cesisaon 065 M4
7 Topt it 055 M2 half.N 018 M4 korp 040 M3 rhase 059 M4
8 Vo 0.53 M2 sla 036 M7 base 037 M4 O e 052 M2
9 Tfine_root 0.49 M7 Xty 035 M3 XSOMN:P. 0.36 M4 Elatosa 0.51 M7
10 Unaw Ny NOs 022 M7 X 033 M3 kleal | 033 M3 Topt,nit 050 M2
Table S1. The ten most important parameters (P), continued.
Leaf N:P Veg. C Total C

Rank P RPCC T P RPCC T P RPCC T

1 N 0.94 M3 kgtrue 0.86 M2 | Toptdecomp  -090 M2

2 chelf N 093 M4 Korp 078 M3 Krp 0.89 M3

3 Xivar 0.84 M3 | floowert 059 M2 kgtrue 071 M7

4 NP, 0.65 M3 VP an 0.56 M2 Klatosa 0.64 M7

5 Erp 050 M3 P 054 M3 | 1c.jastssiow 051 M2

6 Topt.decomp 045 M2 Xy 0.52 M7 | nojitter—fast 047 M2

7 Vmar,po, 033 M7 kg 047 M7 base 043 M2

8 sla 024 M3 Kiatosa 045 M3 | fronveot 042 M2

9 Eiatosa 0.19 M3 | Trineroor 041 M7 | Trineroor 042 M2

10 kprefrunors 017 M6 | Toptdeccomp -040 M4 xS, 041 M3
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Figure S1. Effect of sink limitation on simulated photosynthesis at the example of the evergreen broadleaf forest site IT-Cpz. Daily GPP
(a), growth (b), the sink limitation scalar (3% ) (c) and C:N of labile pool. The sink limitation is caused by high labile pool C:N ratio

sinklim

reducing the realised growth rate, which then provides a negative feedback to the photosynthesis.
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Figure S2. Effect of using a lagged response to calculate fluxes, at the example of the effect of plant nutrient demand on plant nutrient uptake

in the temperate broadleaved deciduous forest of DK-Sor. Shown is the effect of altering the lag time of the demand for nutrient uptake
(T#,%tﬁgke) on the nitrogen uptake fluxes for one year. The different colors respond to different lag times as explained in the legend.
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Figure S3. Effect of explicitly representing the vertical profile of the soils (1D), compared to a lumped OD approach. Displayed are the daily
heterotrophic respiration (a) plant nitrogen uptake (b), and nitrogen leaching below the rooting zone (c) for one year at the needle-leaved

evergreen forest sute of FI-Hyy.
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Figure S4. Simulated and observed mean monthly diurnal (a, b, ¢, d) and seasonal (e, f, g, h) cycles of latent heat flux (Q;.) at four FLUXNET
sites (FI-Hyy, FR-Hes, AU-Tum, BR-Ma2. *Obs’ correspond to micrometeorological observations. *C’, ’"CN’ and "CNP’ refer to the model

simulations with C, C&N and C&N&P options enabled. Seasonal cycles have been smoothed by a 16-day running mean.
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Figure S5. The GPP at the GFDB sites as a function of mean annual temperature (a), mean annual precipitation (b), nitrogen deposition (c)

and phosphorus deposition (d). The PFT abbreviations are explained in Table 1.
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and phosphorus deposition (d). The PFT abbreviations are explained in Table 1.
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Figure S6. The NPP at the GFDB sites as a function of mean annual temperature (a), mean annual precipitation (b), nitrogen deposition (c)
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Figure S7. Effect of letting the temperature optimum of Jmax, the maximum electron-transport rate for the calculation of photosynthesis,
acclimate to growth temperature (black), or not (red). The simulated diurnal cycles of GPP (a) and shortwave radiation (in black) and air

temperature (in blue) (b) at FI-Hyy in 2002 for twelve days.
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Figure S8. The residuals of averaged annual GPP (a) and autotrophic respiration (b), when the results without acclimation of maintenance

respiration have been substracted from the original model simulations.
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Figure S9. The CUE at the GFDB sites as a function of mean annual temperature (a), mean annual precipitation (b), nitrogen deposition (c)

and phosphorus deposition (d). The PFT abbreviations are explained in Table 1.
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Figure S10. The leaf C:N at the GFDB sites as a function of mean annual temperature (a), mean annual precipitation (b), nitrogen deposition

(c) and phosphorus deposition (d).
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Figure S11. The nitrogen fixation at the GFDB sites as a function of mean annual temperature (a), mean annual precipitation (b), nitrogen

deposition (c) and phosphorus deposition (d).
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Figure S12. The GPP (a), leaf C:N (b), leaf P:N (c), vegetation carbon (d), phosphorus mineralization (e) and total ecosystem carbon (f) as
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