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Supplementary Information
S1 Remapping of observational data into JSBACH plant functional types

Vegetation productivity in JSBACH has been shown to be higher compared to observations (Anav et al., 2013; Todd-Brown
et al., 2013). We compared the productivity of JSBACH within coupled model in the historical simulation of the fifth phase
of the Coupled Model Intercomparison Project (CMIP5), and an additional offline simulation with JSBACH driven by CRU
climate with observation-based plant productivity. The productivity in these two simulations is higher compared to that in the
observational-data (see section S2).

For the t16_drvn simulations, we used global maps of leaf area index (LAI) that are derived from the MODIS satellite and
the gross primary production (GPP) derived by extending flux net tower measurements using machine learning algorithms
for the year 2001 to 2010 (Tramontana et al., 2016). Vegetation classification for the GPP and LAI data is based on the
International Geosphere Biosphere Programme (IGBP) classification, while our DGVM uses plant functional types (PFTs)
to represent global vegetation distribution. Using classification rules by Pongratz et al. (2008) and Poulter et al. (2011), we
remapped the cover fraction map used in deriving the GPP and LAI into JSBACH PFTs (see cover fraction map description in
Friedl et al., 2010, Table. 1). Table S1 shows the classification rules used in remapping the cover fraction map and the PFTs
they are allocated to. Since the remapping classification rules do not include remapping to pasture, the cover fraction maps
for the pastures were taken from JSBACHSs’ cover fraction maps as used for the global annual carbon budget simulations (Le
Quéré et al., 2015). The fractions for the pastures were then obtained by reducing the remapped grasses cover fractions. For the
idealized simulations, we scale the remapped cover fractions proportionally to create idealized cover fraction maps for forest,
crop, grass and pasture. The relative distributions of the different PFTs belonging to one vegetation type are kept at the relative
distribution obtained from the remapped cover fraction map.

We use the newly reconstructed cover fraction map for remapping the GPP and LAI. For every grid cell where there is a
cover fraction value for a given PFT, it is required that there is a LAI and GPP value. Each PFT in JSBACH had an observation
vegetation type it can be linked to directly. For example, the tropical evergreen forests correspond to the evergreen broadleaf
forests in the observations classification (Table S1). For these grid cells, the GPP and LAI of the PFT is taken directly from
the observation classification. We assume that grasses and pastures have equal productivity within a given grid cell. Hence the
GPP for grasses and pastures is taken from grasslands GPP in these grid cells. If the LAI and GPP value for the remapped
PFT is missing in the grid cell and the PFT has a cover fraction, the GPP and LAI value for the closest neighbouring grid cell
is assigned. An assumption is made that the productivity of, for example, a tropical deciduous forest in an area covered with
forests alone is the same as that of a forest in a savanna.

Unlike for GPP, globally there are no observations on autotrophic respiration, which makes it difficult to obtain NPP from
GPP. We calculate annual GPP to NPP ratios for each PFT from a simulation where JSBACH was driven by CRU climate. In
this case, we assume that the model biases in GPP and autotrophic respiration, both being dependent on productivity, largely
cancel. These ratios are used to scale the remapped GPP to NPP. The scaling of the GPP to NPP using model-derived ratios
is quite uncertain. Previous studies have shown that this ratio may vary on average between 0.4 and 0.65 across different
vegetation types (Zhang et al., 2009).

We test how our nearest neighbour approach influences the relative and absolute changes in soil carbon discussed in our
results section. We select only the grid cells where the GPP and LAI is not obtained from the nearest neighbouring grid cells
and compare the results to those obtained by considering the entire regions. Figure S5 shows that the relative changes simulated
by selecting only these grid cells do not differ much from the changes simulated by considering the entire regions.

S2 Comparison of global GPP and NPP values

We compared the GPP remapped from observations with the original GPP and the GPP from the historical simulations in
CMIP5 (Giorgetta et al., 2013) and simulations with JSBACH driven by CRU climate. Table S2 shows that the JSBACH GPP
is quite large compared to the observation-based GPP. In addition, we compared the NPP values obtained using the JSBACH
derived ratio with the NPP that we would have obtained by assuming 50% autotrophic respiration costs as done in previous



studies (Carvalhais et al., 2014). Table S3 shows that the global NPP value obtained using the JSBACH derived ratio differs
slightly from the NPP obtained by assuming 50% respiration costs.



Table S1: Rules for the reclassification of the vegetation map to the 12 JSBACH Plant functional types cover fractions. Ty, represents the mean

temperature of the coldest month

Observation Classification

Classification rule

JSBACH PFT

Classification source

Evergreen needleleaf forests

Extratropical evergreen forests

Evergreen broadleaf forests

Tropical evergreen forests

Deciduous needleleaf forests

Extratropical deciduous forests

Deciduous broadleaf forests

[latitude| > 30°
|latitude| < 30°

Extratropical deciduous forests
Tropical deciduous forests

Mixed forest

[latitude| > 30°

50% Extratropical evergreen forests
50% Extratropical deciduous forests

|latitude| < 30°

50% Tropical evergreen forests
50% Tropical deciduous forests

Table 6 in Poulter et al. (2011) with-
out the distinction of needleleaf and
broadleaf trees

Savanna woody'

latitude > 30°

25% Extratropical evergreen forests
25% Extratropical deciduous forests
50% C3 grasses and C4 grasses®

latitude < 30°

25% Tropical evergreen forests
25% Tropical deciduous forests
50% C3 grasses and C4 grasses®

Table 6 in Poulter et al. (2011) with-
out the distinction of needleleaf and
broadleaf trees

latitude > 30°

20% Extratropical evergreen forests
20% Extratropical deciduous forests

Savannas® 60% C3 grasses and C4 grasses’ Table 6 in Poulter et al. (2011) with-
out the distinction of the needleleaf
20% Tropical evergreen forests and the broadleaf trees
latitude < 30° 20% Tropical deciduous forests
60% C3 grasses and C4 grasses®
Grasslands C3 grasses and C4 grasses®
T < —10° 80% Deciduous shrubs . Table 5 in Pongratz et al. (2008)
Closed shrublands? 20% C3 grasses and C4 grasses with the assumption that summer-
. 80% Rain shrubs green shrubs are the same as decid-
Tnin = ~10 20% C3 grasses and C4 grasses® uous shrubs
T < —10° 40% deciduous shrubs . Table 5 in Pongratz et al. (2008)
Open shrublands* 60% C3 grasses and C4 grasses with the assumption that summer-
. 40% rain shrubs green shrubs are same as deciduous
Tin = —10 60% C3 grasses and C4 grasses® shrubs
C3 croplands Crops
C4 croplands Crops

Croplands with natural mosaic®

latitude > 30°

34% Extratropical evergreen forests
34% Extratropical deciduous forests
16% C3 grasses and C4 grasses®

Table 6 in Poulter et al. (2011)
with the assumption that manmade
grasses are the same as crops



Table S1 — Continued

Observation Classification Classification rule | JSBACH PFT Classification source
16% Crops

34% Tropical evergreen forests

34% Tropical deciduous forests
16% C3 grasses and C4 grasses®
16% Crops

latitude < 30°

ILands with herbaceous and other understorey systems and with forest cover between 30-60% (D’Souza, 2000)

2Lands with herbaceous and other understorey systems and with forest cover between 10-30% (D’Souza, 2000)

3Lands with woody vegetationn less than 2 metres tall and with shrub canopy cover greater than 60% (D’Souza, 2000)

4Lands with woody vegetation less than 2 metres tall and with shrub canopy between 10-60% (D’Souza, 2000)

SLands with a mosaic of croplands, forests, shrublands and grasslands in which no one component comprises more than 60% of the land scape (D’Souza, 2000)

6 A temperature criterion based on the temperature of the warmest month between 2001-2010 from CRU-NCEP data set is applied to define areas where we can have co-existence of
C3 and C4 grasses between (17 °C and 29 °C) and areas where either of them exists



Table S2. Global remapped GPP in Pg C compared with GPP from different JSBACH simulations.

GPP source Global GPP value
Observations 118.32
Observations remapped into PFTs 110.75
JSBACH CMIP5 179.97
JSBACH driven with CRU climate 185.37

Table S3. Global remapped NPP in Pg C

NPP source Global NPP value
Observations remapped with JSBACH ratio 54.51
Observations remapped with NPP:GPP ratio of 50% 55.31

Table S4. Contribution of the mean absolute changes over the sampled ages to the equilibrium absolute changes for the jsbach_drvn_harv
simulation.

Mean age  Sampled age changes  Equilibrium changes  Contribution
Land-use change (years) (keC m=2) (keC m=2) (%)
Crop to forest (temperate) 40.28 2.39 10.83 22
Crop to grass (temperate) 21.7 0.68 2.98 23
Forest to crop (temperate) 50.21 -3.77 -11.50 38
Grass to crop (temperate) 39.69 -0.50 -2.61 19
Forest to crop (tropics) 22.5 -1.45 -8.67 17
Forest to pasture (tropics) 20.67 -1.74 -5.63 31
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Figure S1. Equilibrium absolute changes in soil carbon in kgC m~2 for the different land-use changes in the jsbach_drvn simulation. The
regions are based on the climate criterion (precipitation and temperature) of the meta-data.
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Figure S2. Equilibrium absolute changes in soil carbon in kgC m~2 for the different land-use changes in the jsbach_drvn simulation. The
regions are based on where land-use change has taken place historically between 1850 and 2005.
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Figure S3. Mean simulated equilibrium relative (a) and absolute changes in soil carbon (b) for the regions selected based on where land use
change has taken place historically compared to the mean changes in the meta-data (regions in Fig. S2). The first number in the parenthesis
represents the number of sites in the meta-data and the second is the number of grid cells fulfilling the climate range in the meta-data. The
bars represent the standard deviation.
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Figure S4. Mean simulated relative (a) and absolute changes in soil carbon (b) over the sampled ages represented by the meta-data compared
to the mean changes for the meta-data. The first number in the parenthesis represents the number of studies in the meta-data and the second
is the number of grid cells from the global simulation that fulfil the climate-criterion in the meta-data (regions in supplementary material
Fig. S1). The dots represent the mean changes and the bars represent the standard deviation.
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Figure S5. Mean simulated transient relative changes in soil carbon compared to the individual observations (black dots) and generalized
carbon response functions (CRF) as in Poeplau et al. (2011) for the crop to grass and crop to forest transition. The dotted lines represent the
regions where there was no nearest neighbour search for the GPP and LAI for the observations remapping in the considered climate regions.
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