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S1 Supplementary information to the nitrogen implementation of the LPJmL 5 model

The supplement contains a table of parameters used in the model (Table S1) and graphical representations of leaf C:N ratios for
different exponential factors (Fig. S1), daily gross photosynthesis rate as a function of light- and Rubisco limited photosynthesis
rate (Fig. S2), temperature response function F;(7T") (Fig. S3), and water response function F5(W) (Fig. S4). Furthermore
comparisons of net ecosystem exchange rates and evaporation fluxes with EDDY flux tower measurements (ORNL DAAC,
2011) for a variety of sites are shown (Figs. S5-S11 and Figs. S12-S20, respectively). Wheat, rice and soybean simulations for
the 10 top-producing countries for the carbon-only LPJmL 3.5 version, the version with N limitation and with unlimited N

supply are shown in Figs. S21-S23.
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Figure S1. Leaf C:N ratio of the canopy as a function of LAI for different pre-factors of the exponential term in Eq. (2).



Parameter ~ Description Value Units

0 Shape parameter for co-limitation of photosynthesis 0.9 -

Nup,root Maximum N uptake rate 2.8 (trees), 5.51 (grass and crops) eN Kngl

KN min Michaelis constant of N uptake 1.48 eNm2

KN, min Basal rate of N uptake 0.05 -

Kstore Increase in N demand 1.15 (trees), 1.3 (grass and crops) -

Kturn N recover fraction at turnover 80 (evergreen PFTs), 30 (other PFTs) %

fheartwooa  Fraction of sapwood nitrogen going into heartwood 0.7 -

K Michaelis constant of photosynthesis reduction 0.1 -

Kiax Maximum rate of NHZr nitrified 0.1 d-!

a Parameter in limiting function for temperature 3 (7")  8.79 °C

b Parameter in limiting function for temperature ', (T")  5.26 -

Anit Parameter in water response function F (Wsat) 0.6 (medium soil), 0.55 (sandy soil) -

bnit Parameter in water response function F1 (Wsat) 1.27 (medium soil), 1.7 (sandy soil) -

Cnit Parameter in water response function F1 (Wsat) 0.001 (medium soil), —0.007 (sandy soil) -

dnit Parameter in water response function F1 (Wsat) 2.84 (medium soil), 3.22 (sandy soil) -

CDN Shape coefficient for F»(T,C') 1.4 -

Ay Fraction of decomposed N mineralized 0.7 -

Fy Fraction of humified N going into fast pool 0.98 -

Bx o5 NOj percolation coefficient 0.4 -

CNsoil Desired C:N ratio of soils 15 -

ksf;)m o Decomposition rate of fast pool 0.03 yrt
Soi110 Decomposition rate of slow pool 0.001 yrt

knit Fraction of mineralized N nitrified to NOZ’ 0.2 -

T'mx Fraction of denitrified N lost as NoO 0.11 -

0 Fractional pore space 0.4 -

Ko Fraction of nitrified N lost as NoO flux 0.02 -

Kn Michaelis constant of N immobilization 5x1078 eNm™3

To Parameter in temperature uptake function —25 °C

Tm Parameter in temperature uptake function 15 °C

T Parameter in temperature uptake function 15 °C

Qash Fraction of fire N going to the top soil layer 0.45 -

Table S1. List of parameters used in the LPJmL 5 model.
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Figure S2. Daily gross photosynthesis rate Agq as a function of Rubisco-limited photosynthesis rate J¢ for fixed light-limited rate Jg and
daylength set to 1. The black solid curve is for shape parameter § = 1 (Agq = min(Jg, Jc)/daylength), the blue curve for = 0.9 (LPJmL
5), the red curve for 6 = 0.7 (LPJmL 3.5) and the black dashed curve for 6 — 0 (Aga = JE - Jo/((Je + Jc) - daylength)).
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Figure S3. Temperature response data for site in the US (filled squares), Canada (filled circles) and Australia (filled triangles) and fitted

function (solid line).
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Figure S4. Water response functions F» (W, ) parameterized according to Krysanova and Wechsung (2000) (dashed line) and according to

Eq. (43) in the main text (solid line).
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Figure S5. Comparison of net ecosystem exchange rates (NEE, in gC m~2 d~!) simulated with eddy flux tower rates measured.
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Figure S6. Comparison of net ecosystem exchange rates (NEE, in gC m~2 d~!) simulated with eddy flux tower rates measured.



Wetzstein 50.45 N/ 11.46 E

NEE 4 r’=019 w=079
)
— LPImL5 °
°
---- Euroflux and Ameriflux Data $
°
e |
! T T T T
2002 2004 2006 2008
Vielsalm 50.31 N/ 6 E Bily_Kriz—_Beskidy_Mountains 49.5 N/ 18.54 E
=) 3
3 8
- r2=0.66 W=0.84 ~ r2=0.083 W=0.51
8 1 &1
o D
] o4 / b | \
=) o i ' ' '
] 1 EY R P
o ° 7 v Y fd Y
1998 2000 2002 2004 2006 2008 2000 2002 2004 2006 2008
Bily_Kriz—_grassland 49.5 N/ 18.54 E Hesse_Forest-Sarrebourg 48.67 N/ 7.06 E
34 r?=0029 w=047 o
£ 8
S
3 °
o
i o o
7 §
T T T T T T T T T T T
2005 2006 2007 2008 2009 1998 2000 2002 2004 2006 2008
Neustift/Stubai 47.12 N/ 11.32 E WI-Mature_red_pine 46.74 N/ 91.17 W
1 r?=0.018 W=0.59 § 4 r?=0011 W=0.44
3
o o 4
g R
o !
s 8 |
< §
! T T T T T T T T T T
2002 2003 2004 2005 2006 2007 2008 2003 2004 2005 2006
Bugacpuszta 46.69 N/ 19.6 E Renon/Ritten 46.59 N/ 11.43 E
° 2=0.0055 W =0.56 4 r?=022 w=076
S o
3
o 4 °1
.8 =g
; ]
o o 1
2003 2004 2005 2006 2007 2008 2009 2000 2002 2004 2006 2008
WI-Lost_Creek 46.08 N / 89.98 W WI-Willow_Creek 45.81 N / 90.08 W
r?=6.2e-06 W=0.31 ° r220.0047 W=0.5
8 S
°
°© o
S
T
i

T T T T T T T T T T
2001 2002 2003 2004 2005 2006 2000 2002 2004 2006

Figure S7. Comparison of net ecosystem exchange rates (NEE, in gC m~2 d~!) simulated with eddy flux tower rates measured.
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Figure S8. Comparison of net ecosystem exchange rates (NEE, in gC m~2 d~!) simulated with eddy flux tower rates measured.
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Figure S9. Comparison of net ecosystem exchange rates (NEE, in gC m~2 d~!) simulated with eddy flux tower rates measured.
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Figure S10. Comparison of net ecosystem exchange rates (NEE, in gC m~2 d ') simulated with eddy flux tower rates measured.
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Figure S11. Comparison of net ecosystem exchange rates (NEE, in gC m~2 d ') simulated with eddy flux tower rates measured.
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Figure S12. Comparison of evapotranspiration fluxes (in mm d ') with EDDY-flux measurements.
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Figure S13. Comparison of evapotranspiration fluxes (in mm d ') with EDDY-flux measurements.
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Figure S14. Comparison of evapotranspiration fluxes (in mm d ') with EDDY-flux measurements.
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Figure S15. Comparison of evapotranspiration fluxes (in mm d ') with EDDY-flux measurements.
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Figure S16. Comparison of evapotranspiration fluxes (in mm d ') with EDDY-flux measurements.
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Figure S17. Comparison of evapotranspiration fluxes (in mm d ') with EDDY-flux measurements.
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Figure S18. Comparison of evapotranspiration fluxes (in mm d ') with EDDY-flux measurements.
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Figure S19. Comparison of evapotranspiration fluxes (in mm d ') with EDDY-flux measurements.
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Figure S20. Comparison of evapotranspiration fluxes (in mm d ') with EDDY-flux measurements.
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Figure S22. Rice yield simulations (in tFM ha™~') for the 10 top-producing countries for the carbon-only LPJmL 3.5 version, the version

with N limitation and with unlimited N supply.
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Figure S23. Soybean yield simulations (in tFM ha™") for the 10 top-producing countries for the carbon-only LPJmL 3.5 version, the version

with N limitation and with unlimited N supply.
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