Supplement of
Implementing the Nitrogen cycle into the dynamic global vegetation,
hydrology and crop growth model LPJmL

W. von Bloh et al.
Correspondence to: Werner von Bloh (bloh @pik-potsdam.de)

S1 Supplementary information to the nitrogen implementation of the LPJmLS model

The supplement contains tables of parameters used in the model (Table S1 and S2) 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 (T') (Fig. S3), and water response function F»(WW)
(Fig. S4). Furthermore comparisons of net ecosystem exchange rates and evaporation fluxes with EDDY flux tower measure-
ments (ORNL DAAC, 2011) for a variety of sites are shown (Figs. S5-S11 and Figs. S12-S20, respectively). Taylor diagrams
of the spatial patterns (national mean yields) of wheat, maize, rice and soybean are plotted in Figs. S21-S24. Wheat, rice and
soybean simulations for the 10 top-producing countries for the carbon-only LPJmI.3.5 version, the version with N limitation

and with unlimited N supply are shown in Figs. S25-S27.
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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).



Table S1. List of PFT-specific parameters (maximum N uptake rate Nyp root, increase in N demand Kgiore, N recover fraction at turnover

Kturn, minimum canopy conductance gmin, maximum water transport capacity Fmax) used in the LPJmL5 model.

PFT Nup,root kstore  ktwrn  gmin FErax
(eNkgC™) (%)  (mms~') (mmday™?)

Tropical broadleaved evergreen tree 2.8 1.15 80 1.6 10
Tropical broadleaved raingreen tree 2.8 1.15 30 1.8 10
Temperate needleleaved evergreen tree 2.8 1.15 80 1.0 7
Temperate broadleaved evergreen tree 2.8 1.15 80 1.5 7
Temperate broadleaved summergreen tree 2.8 1.15 30 1.0 7
Boreal needleleaved evergreen tree 2.8 1.15 80 0.8 7
Boreal broadleaved summergreen tree 2.8 1.15 30 0.8 7
Boreal needleleaved summergreen tree 2.8 1.15 30 0.3 7
C3 perennial grass 5.1 1.3 30 0.8 7
C4 perennial grass 5.1 1.3 30 1.5 10
All crops 5.1 1.3 30 0.8 8
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Figure S2. Daily gross photosynthesis rate Agq as a function of Rubisco-limited photosynthesis rate J¢o 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 6 = 0.9
(LPImLS5), the red curve for § = 0.7 (LPJmL3.5) and the black dashed curve for 8 — 0 (Aga = JE - Jo /((Je + Jo) - daylength)).



Table S2. List of parameters used in the LPJmL5 model.

Parameter  Description Value Units
Qq Fraction of PAR assimilated at ecosystem level, relative to leaf level 0.6 -
Qm Maximum Priestley-Taylor coefficient 1.485 -
gm Conductance scaling factor 2.41 -
0 Shape parameter for co-limitation of photosynthesis 0.9 -
KN, min Michaelis constant of N uptake 1.48 gN m~?2
KN min Basal rate of N uptake 0.05 -
Sheartwooa  Fraction of sapwood nitrogen going into heartwood 0.7 -
K Michaelis constant of photosynthesis reduction 0.1 -
Kmax Maximum rate of NH nitrified 0.1 d—t
a Parameter in limiting function for temperature F(T") 8.79 °C
b Parameter in limiting function for temperature F1(T") 5.26 -
Qnit Parameter in water response function F (Wsat ) 0.6 (medium soil), 0.55 (sandy soil) -
bnit Parameter in water response function Fi (Wgat ) 1.27 (medium soil), 1.7 (sandy soil) -
Cnit Parameter in water response function Fi (Wgat ) 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 0.6 -
Fy Fraction of humified N going into fast pool 0.98 -
Bx o5 NOg percolation coefficient 0.4 -
CNsoil Desired C:N ratio of soils 15 -
lcgoiuo Decomposition rate of fast pool 0.03 yrt
o il10 Decomposition rate of slow pool 0.001 yrt
Tmx Fraction of denitrified N lost as NoO 0.11 -
0 Fractional pore space 0.4 -
Ko Fraction of nitrified N lost as N2 O flux 0.02 -
KN Michaelis constant of N immobilization 5x 1073 gN m~3
To Parameter in temperature uptake function —25 °C
T 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 -




1.0

| 2

0.8

0.6

Fl( Tsoil )

0.4

0.2 1

0.0

| | | | |
0 10 20 30 40

Soil temperature T (°C)

Figure S3. Temperature response data for site in the US (filled squares), Canada (filled circles) and Australia (filled triangles) and fitted
function (solid line) used in Eq. (36).



1.0

0.6

FZ (Wsat)

0.4 —

0.0 —

Soil water saturation Wy,

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, W denotes

the Willmott coefficient of agreement.
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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, W denotes

the Willmott coefficient of agreement.
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Figure S7. Comparison of net ecosystem exchange rates (NEE, in gC m~2 d~') simulated with eddy flux tower rates measured, W denotes

the Willmott coefficient of agreement.
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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, W denotes

the Willmott coefficient of agreement.
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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, W denotes

the Willmott coefficient of agreement.
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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, W denotes

the Willmott coefficient of agreement.
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Figure S12. Comparison of evapotranspiration fluxes (in mm d ') with EDDY-flux measurements, W denotes the Willmott coefficient of

agreement.
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Figure S13. Comparison of evapotranspiration fluxes (in mm d ') with EDDY-flux measurements, W denotes the Willmott coefficient of

agreement.
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Figure S14. Comparison of evapotranspiration fluxes (in mm d ') with EDDY-flux measurements, W denotes the Willmott coefficient of

agreement.
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Figure S15. Comparison of evapotranspiration fluxes (in mm d ') with EDDY-flux measurements, W denotes the Willmott coefficient of

agreement.
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Figure S16. Comparison of evapotranspiration fluxes (in mm d ') with EDDY-flux measurements, W denotes the Willmott coefficient of

agreement.

17



Lamasquere 43.49 N/ 1.24 E

Evapotranspiration E 7]

r?=0.59 W=0.84

— LPJmL5
---- Euroflux and Ameriflux Data

2605 20‘06 20‘07 2608
Lecceto 43.3N/11.27 E MA-Harvard_Forest EMS_Tower 42.54 N/ 72.17 W

150
L

150
L

12=0.54 W=0.9 22052 W=0.85

n ' o '
"
1

100
L
100
L

8 .

o o v
2006 2007 2008 1905 2000 2005
Island_of_Pianosa 42.58 N / 10.08 E MA-Little_Prospect_Hill 42.54 N/ 72.19 W

S 3

S e

220,023 W=0.67 72051, W=0.82

8 g

50

0

T T T T T
2002 2003 2004 2003 2004 2005

Roccarespampani_1 42.41 N/ 11.93 E Roccarespampani_2 42.39N/11.92 E
o
EN 2
r2=017, W=0.72 = r2=0.13 W=0.64
s
E 84
S
3 3
o o4
T T T T T T T T T T T
2000 2002 2004 2006 2008 2002 2003 2004 2005 2006 2007 2008
Vall_d'Alinya 42.15N/1.45 E ° Amplero 41.9N/13.61 E
o 8
3 Q
9
12=0.43 W=0.81 ER
3
8 -
3 |
3
o4
T T T T T T T T T T T T
2004 2005 2006 2007 2008 2009 2003 2004 2005 2006 2007 2008
Castelporziano 41.71 N/ 12.38 E NE-Mead-rainfed_maize-soybean_rotation_site 41.18 N / 96.44
§ 4
g | r?=015 wW=075 3
S 3
o
84
° S
3
8 4
o o |
T T T T T T T T T T
2000 2002 2004 2006 2008 2002 2003 2004 2005 2006
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agreement.
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Figure S18. Comparison of evapotranspiration fluxes (in mm d ') with EDDY-flux measurements, W denotes the Willmott coefficient of

agreement.
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Figure S19. Comparison of evapotranspiration fluxes (in mm d ') with EDDY-flux measurements, W denotes the Willmott coefficient of

agreement.
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Figure $20. Comparison of evapotranspiration fluxes (in mm d ') with EDDY-flux measurements, W denotes the Willmott coefficient of

agreement.
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DO pdssat < pegasus m epic-tamu e default vs. FAOstat

O epic-boku Vv Ipj-guess ® orchidee-crop e fullharm vs. FAOstat
A epic-iiasa * Ipjml A pepic harm-suffN vs. FAOstat
+ gepic & cgms-wofost ¢ prysbi2

X papsim & clm-crop e LPJmL5

Correlation Coefficient
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0.2 0

Standard Deviation
Centered RMS Difference

Figure S21. Taylor diagram of the spatial patterns (national mean yields) of wheat productivity. The performance of LPJmL5 is depicted

as the red circlecross (D) and should be compared to the LPJmL3.5 simulations, depicted as stars (%) in yellow (un-calibrated) and blue

(calibrated). This figure was produced by the online crop model evaluation tool of Miiller et al. (2017).
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DO pdssat < pegasus m epic-tamu e default vs. FAOstat

O epic-boku Vv Ipj-guess ® orchidee-crop e fullharm vs. FAOstat
A epic-iiasa * Ipjml A pepic harm-suffN vs. FAOstat
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Figure S22. Taylor diagram of the spatial patterns (national mean yields) of maize productivity. The performance of LPJmL5 is depicted

as the red circlecross (D) and should be compared to the LPJmL3.5 simulations, depicted as stars (3¢) in yellow (uncalibrated) and blue

(calibrated). This figure was produced by the online crop model evaluation tool of Miiller et al. (2017).
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DO pdssat < pegasus m epic-tamu e default vs. FAOstat

O epic-boku Vv Ipj-guess ® orchidee-crop e fullharm vs. FAOstat
A epic-iiasa * Ipjml A pepic harm-suffN vs. FAOstat
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Figure S23. Taylor diagram of the spatial patterns (national mean yields) of rice productivity. The performance of LPJmL5 is depicted

as the red circlecross (D) and should be compared to the LPJmL3.5 simulations, depicted as stars (%) in yellow (un-calibrated) and blue

(calibrated). This figure was produced by the online crop model evaluation tool of Miiller et al. (2017).
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DO pdssat < pegasus m epic-tamu e default vs. FAOstat

O epic-boku Vv Ipj-guess ® orchidee-crop e fullharm vs. FAOstat
A epic-iiasa * Ipjml A pepic harm-suffN vs. FAOstat
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Figure S24. Taylor diagram of the spatial patterns (national mean yields) of soybean productivity. The performance of LPJmLS5 is depicted

as the red circlecross (D) and should be compared to the LPJmL3.5 simulations, depicted as stars (%) in yellow (un-calibrated) and blue

(calibrated). This figure was produced by the online crop model evaluation tool of Miiller et al. (2017).
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Figure S25. Wheat yield simulations (in t fresh matter (FM) ha~ ') for the 10 top-producing countries for the carbon-only LPJmL3.5 version
(LPJmL35), the version with N limitation (LPJmL5)and with unlimited N supply (LPJmL5-nL). The residuals plotted are the detrended

observed and simulated yields.
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Figure S26. Rice yield simulations (in t fresh matter (FM) ha™") for the 10 top-producing countries for the carbon-only LPJmL3.5 version
(LPJmL35), the version with N limitation (LPJmL5)and with unlimited N supply (LPJmL5-nL). The residuals plotted are the detrended

observed and simulated yields.
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Figure S27. Soybean yield simulations (in t fresh matter (FM) ha~ ') for the 10 top-producing countries for the carbon-only LPJmL3.5 ver-
sion (LPJmL35), the version with N limitation (LPJmL5)and with unlimited N supply (LPJmL5-nL). The residuals plotted are the detrended

observed and simulated yields.

29



