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S1 Supplementary informations to the evaluation of the LPJmL4 model

The here provided supplementary informations give more details to the evaluations given in Schaphoff
et al. (under Revision). All sources and data used are described in detail there. Here we present ad-
ditional figures for evaluating the LPJmI.4 model on a plot scale for water and carbon fluxes Fig. S1
- S16. Here we use the standard input as described by Schaphoff et al. (under Revision, Section 2.1).
Furthermore, we evaluate the model performance on eddy flux tower sites by using site specific me-
teorological input data provided by http://fluxnet.fluxdata.org/data/la-thuile-dataset/ (ORNL DAAC,
2011). Here the long time spin up of 5000 years was made with the input data described in Schaphoff
et al. (under Revision), but an additional spin up of 30 years was conducted with the site specific
input data followed by the transient run given by the observation period. Comparisons are shown
for some illustrative stations for net ecosystem exchange (NEE) in Fig. S17 and for evapotranspira-
tion Fig. S18. Only 2 stations show a slightly better performance of LPJmL4 to NEE measurements
and for evapotranspiration only 1 station, the others show a similar correlation as the simulations
conducted with global climate input.

We use gauging station to evaluate the river discharge as an integrated measure (Fig. S19 - S66).
Fig. S68a compares the two evaluation data sets against each other. The comparison of the global
data set from (Jung et al., 2011) to the local data (Luyssaert et al., 2007) shows that both data sets
are in good agreement. The comparison of LPJmL4 against the global data set of Jung et al. (2011)
on the local scale (Fig. S68b show a slightly worse match as the comparison against the local data
(see Fig.4, main text). Fig. S68c compares LPJml4 against the global data set from (Jung et al.,
2011), but excluding outliers with very high GPP. That increases the match to these data to a NMSE
of 0.69 and a R? of 0.51. These comparisons show also that the comparisons on both scales are
meaningful and can give a good indication how good the model can reproduce global as well as
local biomass estimations by different methods. Fig. S67 and Fig. S69a give a comparison with the
global estimation of Carvalhais et al. (2014) for soil organic carbon resp. biomass. Additionally we
have compared aboveground biomass in Fig. S69b with estimates by Liu et al. (2015). A spatial
comparison of ecosystem respiration is shown in Fig. S70. Evapotranspiration comparison against
MTE data (Jung et al., 2011) is shown in Fig. S71 and Fig. S72 shows a comparison of simulated
fractional burnt area against remote sensing observations (GFED4: http://www.globalfiredata.org/
and CCI Fire Version 4.1: http://cci.esa.int/data). Remote sensing data are also used for the evaluation
of FAPAR (Fig. S73) and Albedo (Fig. S74).

Sowing dates have been proved to be important to simulate crop variability (Fig. S75 - S83), a
comparison with MIRCA sowing dates we show in Fig. S84 - S93.

Table S1 gives an overview of estimates for regional field application efficiencies, showing that
LPJmL4 are in a similar range as other estimates.
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Figure S1. Comparison of NEE fluxes with EDDY-flux measurements.
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Figure S2. Comparison of NEE fluxes with EDDY-flux measurements.
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Figure S3. Comparison of NEE fluxes with EDDY-flux measurements.
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Figure S4. Comparison of NEE fluxes with EDDY-flux measurements.
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Figure S5. Comparison of NEE fluxes with EDDY-flux measurements.
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Figure S6. Comparison of NEE fluxes with EDDY-flux measurements.
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Figure S7. Comparison of NEE fluxes with EDDY-flux measurements.




Evapotranspiration

—— LPJmL4 fluxes
Euroflux and Ameriflux Data

Kaamanen_wetland 69.14 N/ 27.3 E

AK-Atgasuk 70.47 N/ 157.41 W

100

1 r?=03 W=0.63 NMSE =0.74 NME =0.7
4

"
'
1

50
1

\ \
N \ N

.
A o " ' \
v \ 1,
© A ~ ~ I\’ A RS
\

N N

T T T
2000 2002 2004

100

r?=0.84 W=0.94 NMSE =0.18§ NME =0.31

AK-Ivotuk 68.49 N/ 155.75 W
o
8
4 r?=0.25 W=0.84 NMSE =0.41, NME =0.49
o
24

&4 IS
! T T T T T ! T T T T
2000 2001 2002 2003 2004 2004 2005 2006 2007
Sodankyla 67.36 N / 26.64 E Flakaliden 64.11 N/ 19.46 E
§ r?=0.47, W=0.81, NMSE =0.73 NME =0.6 § 4 r?=0.73 W=0.87, NMSE =0.68 NME =0.66

2001 2002 2003
Hyytiala 61.85 N/ 24.29 E

T
2000

T
2004

T T T T T
1998 1999 2000 2001 2002

Skyttorp 60.13 N / 17.84 E

T
1997

T
2003

100
|

r?=0.84 W=0.96 NMSE =0.13 NME =0.3

r?=0.39 W=0.75 NMSE =1.5 NME =1

100

T T T
1998 2000 2002

T
2004

T
2005

° Norunda 60.09 N/ 17.48 E UCI-1998_burn_site 56.64 N / 99.95 W
n

—

S r?=0.61, W=0.89 NMSE =0.36 NME =0.48 S r?=0.65 W=0.92 NMSE =0.35 NME =0.44

- —

T T T T T T
1996 1998 2000 2002 2004 2006

T T T
2003 2004 2005 20

06
° Griffin-Aberfeldy-Scotland 56.61 N / 3.8 W UCI-1989_burn_site 55.92 N / 98.96 W
&
1 r?=0.55 W=0.68§ NMSE =0.7, NME =0.68 ~ r?=0.61, W=0.83 NMSE =0.9, NME =0.76

100

T T T T T
1998 2000 2002 2004 2006

T T
2002 2003

Figure S8. Comparison of Evapotranspiration fluxes with EDDY-flux measurements.
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Figure S10. Comparison of Evapotranspiration fluxes with EDDY-flux measurements.
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Figure S11. Comparison of Evapotranspiration fluxes with EDDY-flux measurements.
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Figure S12. Comparison of Evapotranspiration fluxes with EDDY-flux measurements.
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Figure S13. Comparison of Evapotranspiration fluxes with EDDY-flux measurements.
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Figure S14. Comparison of Evapotranspiration fluxes with EDDY-flux measurements.
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Figure S15. Comparison of Evapotranspiration fluxes with EDDY-flux measurements.
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Figure S16. Comparison of Evapotranspiration fluxes with EDDY-flux measurements.
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Figure S17. Comparison of NEE fluxes with EDDY-flux measurements driven by site specific meteorological
data.
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Figure S18. Comparison of Evapotranspiration fluxes with EDDY-flux measurements driven by site specific
meteorological data.
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Figure S19. Evaluation of river discharge at gauging stations [1].
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Figure S20. Evaluation of river discharge at gauging stations [2].
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Figure S21. Evaluation of river discharge at gauging stations [3].
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Figure S22. Evaluation of river discharge at gauging stations [4].
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Figure S23. Evaluation of river discharge at gauging stations [5].
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Figure S24. Evaluation of river discharge at gauging stations [6].
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Figure S25. Evaluation of river discharge at gauging stations [7].
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Figure S26. Evaluation of river discharge at gauging stations [8].
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Figure S27. Evaluation of river discharge at gauging stations [9].
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Figure S28. Evaluation of river discharge at gauging stations [10].
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Figure S29. Evaluation of river discharge at gauging stations [11].
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Figure S30. Evaluation of river discharge at gauging stations [12].
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Figure S31. Evaluation of river discharge at gauging stations [13].
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Figure S32. Evaluation of river discharge at gauging stations [14].
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Figure S33. Evaluation of river discharge at gauging stations [15].
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Figure S34. Evaluation of river discharge at gauging stations [16].
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Figure S35. Evaluation of river discharge at gauging stations [17].
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Figure S36. Evaluation of river discharge at gauging stations [18].
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Figure S37. Evaluation of river discharge at gauging stations [19].
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Figure S38. Evaluation of river discharge at gauging stations [20].
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Figure S39. Evaluation of river discharge at gauging stations [21].
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Figure S40. Evaluation of river discharge at gauging stations [22].
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Figure S41. Evaluation of river discharge at gauging stations [23].
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Figure S42. Evaluation of river discharge at gauging stations [24].
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Figure S43. Evaluation of river discharge at gauging stations [25].
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Figure S44. Evaluation of river discharge at gauging stations [26].
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Figure S45. Evaluation of river discharge at gauging stations [27].
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Figure S46. Evaluation of river discharge at gauging stations [28].
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Figure S48. Evaluation of river discharge at gauging stations [30].
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Figure S49. Evaluation of river discharge at gauging stations [31].
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Figure S50. Evaluation of river discharge at gauging stations [32].
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Figure S51. Evaluation of river discharge at gauging stations [33].
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Figure S52. Evaluation of river discharge at gauging stations [34].
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Figure S53. Evaluation of river discharge at gauging stations [35].
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Figure S54. Evaluation of river discharge at gauging stations [36].
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Figure S55. Evaluation of river discharge at gauging stations [37].
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Figure S56. Evaluation of river discharge at gauging stations [38].
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Figure S57. Evaluation of river discharge at gauging stations [39].
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Figure S58. Evaluation of river discharge at gauging stations [40].
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Figure S59. Evaluation of river discharge at gauging stations [41].
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Figure S60. Evaluation of river discharge at gauging stations [42].
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Figure S61. Evaluation of river discharge at gauging stations [43].
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Figure S62. Evaluation of river discharge at gauging stations [44].
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Figure S63. Evaluation of river discharge at gauging stations [45].
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Figure S64. Evaluation of river discharge at gauging stations [46].
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Figure S65. Evaluation of river discharge at gauging stations [47].
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Figure S66. Evaluation of river discharge at gauging stations [48].

67



Carvalhais et al. 2014

Soil organic carbon

50000

30000
1

10000
1

0
1

Carvalhais et al. 2014
LPImL4-GSI-GlobFIRM

LPIML4-NOGSI-GlobFIRM
LPImLA4-GSI-GlobFIRM-PNV
LPImL4-NOGSI-NOPERM|-GlobFIRM

LPIML4-GSI-SPITFIRE

25000

-2

gCm

-_— . e

0 10000

40000 55000 70000 85000

Figure S67. The maps (left side) show the spatial pattern of soil organic carbon [gC m™2] distribution from
the standard LPJmL4 simulation against data from Carvalhais et al. (2014). The graph on the right side shows
the latitudinal pattern of vegetation biomass distribution simulated by the different versions of LPJmL4 against
data from Carvalhais et al. (2014).
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Figure S68. Comparison of GPP from different sources; MTE data (Jung et al., 2011) against plot data (Luys-
saert et al., 2007) (a), LPJmL4 against MTE data (Jung et al., 2011) (b), and LPJmL4 against MTE data (Jung
et al., 2011) but without the outliers of very high GPP in the MTE data (c).
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Figure S69. (a) The maps (left side) show the spatial pattern of vegetation biomass [gC m 2] distribution from
the standard LPJmL4 simulation against data from Jung et al. (2011); Carvalhais et al. (2014). The graph on the
right side shows the latitudinal pattern of vegetation biomass distribution simulated by the different versions of
LPJmL4 against data from Jung et al. (2011); Carvalhais et al. (2014). (b) Similar as above but for aboveground
biomass [gC m~2] from Liu et al. (2015).
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Figure S70. Evaluation of ecosystem respiration [gCm~2a~!] comparing LPIml4 with satellite-derived

ecosystem respiration (Jigermeyr et al., 2014).
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Figure S71. The maps (left side) show the spatial pattern of evapotranspiration [mm a~ '] distribution from the
standard LPJmL4 simulation against the MTE data (Jung et al., 2011). The graph on the right side shows the
latitudinal pattern of evapotranspiration distribution simulated by the different versions of LPJmL4 against data
from Jung et al. (2011).
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Figure S72. Observed and simulated estimations of fractional area burnt. Observed estimation both are based on
remote sensing data (GFED4: http://www.globalfiredata.org/ and CCI Fire Version 4.1: http://cci.esa.int/data).
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Figure S73. FAPAR comparison of seasonal dynamic for Koeppen-Geiger classification against 3 different
remote sensing products: MODIS FAPAR, GIMMS3g FAPAR, and VGT2 FAPAR.

A map of the Koppen classification can be found here [http://koeppen-geiger.vu-wien.ac.at].
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Figure S74. Albedo comparison for Koeppen-Geiger classification with MODIS remote sensing data.
A map of the Koppen classification can be found here [http://koeppen-geiger.vu-wien.ac.at].
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Figure S75. Evaluation of crop variability comparing rice yields computed by LPJml4 with FAO yield data.
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Figure S76. As Fig. S75 for soy.
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Figure S77. As Fig. S75 for sugarcane.
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Figure S78. As Fig. S75 for rapeseed.
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Figure S79. As Fig. S75 for sunflower.

77



India Niger Nigeria China
©
° 0.436 * S 0.616 *** Q1 oo2s9ns. 2 4 o392+
— q i B B
T © ° L
- —
s 37 o H |
o o
L . 1. 0
(I EISEUARN ‘(,\ 2 A ! L‘& o > ll\ N DR \ - < ’ °© - N
S N o Fad "‘v":’ AN = M\f’ \\"”’\'M\,T""rm“ g i \__4‘\/‘, ,»‘r_g\—\-,\‘ o "\’\7’{,,'-\,"\/\/,"‘\7\‘)
T T T T T T T T T T T T c|>' T T T
1980 1990 2000 2010 1980 1990 2000 2010 1980 1990 2000 2010 1980 1990 2000 2010
Mali Burkina Faso Ethiopia Senegal
0.264 n.s. 4 o0.0002ns. 1 0.0133ns. { o0.500 =
@
o 1 S ] o @
's o | E -
£ o E
<
s i L] [To)
s 1. "«‘ N A i A, N o AT RS 10w [SRAS N “,
. Y \,_‘7\‘«’;\_1./‘/\\’ R 8 q << {'I\:,\\/v:‘;’l‘x'k?v\v) S A :/(\\/”\71_‘::'\\__,»\\\‘14\)1‘ N \‘»l, TN T
@ t——T— — T — T ¢ T
1980 1990 2000 2010 1980 1990 2000 2010 1980 1990 2000 2010 1980 1990 2000 2010
Sudan
2 1 o523+
o | —— FAOstat % n<0.001
No data supply o — LPIJmL4 ** p<0.01
for Chad. 1 - - - FAOstat residuals * p<0.05
g 4 - - - LPJmL4 residuals n.s. not significant
1 ‘4 / .rl :‘/A b ‘V\\ ‘v\\*"\‘/l‘,c 5
— ‘/\' v L
o

Figure S80. As Fig. S75 for millet.
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Figure S81. As Fig. S75 for peanut.
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Figure S82. As Fig. S75 for cassava.

80



Russia France USA Germany

o 4
€ 1 osw0+ 8 | -0077ns. 0.444 * @ -0.214n.s.
— 8 - o |
L 8 2
T o
& g 3 A 5 g 1
=
L g i Q1 9
© o verEt e ReYAS N S enn N .
o 4 ;/3).\/,/\\\/)\11%1..-:,: NG Y, "J, o 4 Ss<f \‘7_\/\v,'}'l,‘\\’A‘w\tll - 7(,",“\\’\'4"\»’\”’1""\’1"‘7'
— T T — T — T e e e e L
1980 1990 2000 2010 1980 1990 2000 2010 1980 1990 2000 2010 1980 1990 2000 2010
Turkey Ukraine Poland ° China
o Q o 0
© | 0545 < 0.212n.s. © 1 -026lns. -0.178 n.s.
i o | 4
T8 ® g 1 8 1
< g A 7 1
= o | =}
L o S N =)
4 — i -
N stra et PR Mol ot vty AR PN
© q -7 \vlr'\\l’*‘-\f Y o ™ ’."‘\\/::31’71*\/ o A1 /I\>~‘7“‘y‘("‘\‘~,\4\* O A i Ty )« \»
e e e L — T — T e e e e L
1980 1990 2000 2010 1980 1990 2000 2010 1980 1990 2000 2010 1980 1990 2000 2010
Egypt United Kingdom
o
© -0.0216 n.s. & 1 -0145ns.
- 3 —— FAOstat **% n<0.001
' ° — LPJmL4 ** p<0.01
s o < 7 - - - FAOstat residuals * p<0.05
L Q7 o | - -~ LPJmL4 residuals n.s. not significant
4 ~N
I R N a N = N
o 4 NNy < Pimns | o L,‘:/,"v"‘(l\/”:/\“l\\/\
T T T T T T T T T T T T

1980 1990 2000 2010 1980 1990 2000 2010

Figure S83. As Fig. S75 for sugar beet.

81



351

301

251

- 201

Days

- 151

- 101

351

301

251

- 201

Days

- 151

- 101

Months

Figure S84. Evaluation of sowing dates of rice: (from top to bottom panel) simulated (LPJmL4) sowing
date, observed (MIRCA2000) sowing date and difference between simulated and observed sowing date. Green
colours (red colours) in the difference map indicate that simulated sowing dates are too late (too early) com-
pared to observations. White colours indicate crop area smaller than 0.001% of grid cell area. Sowing dates in
regions without seasonality are not shown.
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Figure S85. Evaluation of sowing dates of maize: Caption as for Fig.S84.
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Figure S86. Evaluation of sowing dates of millet: Caption as for Fig.S84.
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Figure S87. Evaluation of sowing dates of pulses: Caption as for Fig.S84.
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Figure S88. Evaluation of sowing dates of sugarbeet: Caption as for Fig.S84.

86

351

301

251

- 201

- 151

- 101

- 51

351

301

251

- 201

- 151

- 101

- 51

~ OO

-3
-2

- 0
- 1
- -2
- -3

-4
-5
-6

Days

Days

Months



Figure S89. Evaluation of sowing dates of cassava: Caption as for Fig.S84.
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Figure S90. Evaluation of sowing dates of sunflower: Caption as for Fig.S84.
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Figure S91. Evaluation of sowing dates of soybean: Caption as for Fig.S84.
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Figure S92. Evaluation of sowing dates of groundnut: Caption as for Fig.S84.
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Figure S93. Evaluation of sowing dates of rapeseed: Caption as for Fig.S84.
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Figure S94. Simulated sowing dates of rainfed sugar cane.

Table S1. Comparison of field application efficiencies

World region | Surface  Sprinkler Drip | Surface Sprinkler Drip | Surface Sprinkler Drip
(this study) (Rohwer et al., 2007) (Sauer et al., 2010)

North America 52 78 88 48 68 90 50 85 93
South America 50 77 87 51 68 90 38 75 88
Europe and Russia 52 80 90 53 73 90 52 86 93
Mena 62 89 95 49 69 90 22 60 80
SSA 51 70 90 54 75 90 28 64 82
Central and East Asia 50 79 82 48 68 90 42 79 89
South Asia 47 85 92 48 68 90 32 68 84
SE Asia and Oceania 48 67 85 48 71 90 38 75 88
World 50 79 89 49 70 90 42 78 89

For reasons of comparison, we employ here the traditional definition: consumed per applied irrigation water for major world regions compared with
literature values in %. This study’s results are area-weighted averages, based on current distribution of irrigation systems (source: Jigermeyr et al. (2015)).
MENA - Middle East and North Africa; SSA — sub-Saharan Africa.
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