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Supplementary Figure 2. Mean climatic suitability of grid cells for plant growth forms in
phytoclimatic zones. The zone numbers are the same as in Fig. 2 of the main text. The
values used to produce the figure are taken from Supplementary Table 1. TE=evergreen
trees, TDdry=drought-deciduous trees, TDcold=cold-deciduous trees, TN=needleleaf trees,
ShE=evergreen shrubs, ShDdry=drought-deciduous shrubs, ShDcold=cold-deciduous shrubs,
Geo=geophytes, Thero=therophytes, GC3=Cs grasses, GC4=Cy grasses, Suc=succulents,
Clim=climbers.
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Supplementary Figure 3. Mean annual temperature and annual precipitation in the
phytoclimatic zones. The figure uses a sample of 2.5% of the cells of each phytoclimatic
zone. Zone 12 includes grid cells in the high arctic tundra and extreme dry and hot deserts,
both of which have extremely low climatic suitability for all growth forms. Therefore, these
cells are in the same phytoclimatic zone.



(A) min

(B) 2.5%

significant change

(C) 5%

non-signifcant change

(D) 7.5%

(E) 25%

Supplementary Figure 4. Regions with significant phytoclimatic change when different
threshold values for assessing significance are applied. The threshold values are (A) the
distance between the centroids of the two most similar phytoclimatic zones in Euclidean
growth form suitability space, (B) the 2.5'" percentile, (C) the 5% percentile, (D) the 7.5
percentile, and (E) the 25" percentile of the pairwise inter-centroid distances between the
phytolcimatic zones.
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Supplementary Figure 5. Regions with significant phytoclimatic novelty when different
threshold values for assessing significance are applied. The threshold values are (A) the
distance between the centroids of the two most similar phytoclimatic zones in Euclidean
growth form suitability space, (B) the 2.5'" percentile, (C) the 5" percentile, (D) the 7.5
percentile, and (E) the 25" percentile of the pairwise inter-centroid distances between the
phytolcimatic zones.
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Supplementary Figure 6. Regions with significant disappearance of phytoclimate when

different threshold values for assessing

significance are applied. The threshold values are

(A) the distance between the centroids of the two most similar phytoclimatic zones in

(B) the 2.5 percentile, (C) the 5™ percentile, (D)

percentile of the pairwise inter-centroid distances

25th

Euclidean growth form suitability space,

the 7.5" percentile, and (E) the

between the phytolcimatic zones.
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Supplementary Figure 7. Projected phytoclimatic zone transitions of grid cells by 2070
under (A) RCP 2.6 and (B) RCP 8.5. Zone numbers are the same as in Fig. 2 of the main
text. The median growth form suitabilities of each grid cell in 2070 across projections from
five Global Circulation were used to asses the future zone membership of each cell.
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Supplementary Figure 8. Robustness of growth form suitability values to the number of
species used to calculate growth form suitability. Each dot shows a Pearson correlation
coefficient between the growth form suitability calculated from the full set of species of a
growth form and the suitability calculated from one of five random subsets of species of that
growth form. The size of the subsets is shown on the x-axis. Horizontal jitter was added to
the dots to reduce overlap. The correlations with the full-set suitabilities already
approximate 1 when smaller subsets are used, indicating that adding further species would
not change the suitability estimates any further.



Supplementary Figure 9. Environmental zones used to stratify the sampling of presence
and pseudo-absence points for species distribution modelling. The zones were obtained
from a classification of grid cells based on the input variables of the TTR-SDM, i.e. monthly
values of mean, maximum and minimum temperature, soil water content and solar radiation.
The TTR-SDM also uses atmospheric COg concentration, but COg was assumed to be
equally distributed globally and was thus not used in this classification of grid cells.
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Supplementary Figure 10. Graphical representation of the parameters of TTR-SDM. The
panels show the model’s representation of how carbon and nitrogen uptake rates as well as
growth and respiration rates are influenced by environmental variables. The x-axis
coordinates of the 18 black dots are the parameters of the model. They vary among species
and we estimate them from species distribution data. In addition, a Farquhar photosynthesis
model is used to simulate how solar radiation, temperature and atmospheric COs
concentrations influence the monthly carbon uptake rates (ref?* of main text). The Farquhar
model used the same photosynthesis parameters for all C3 and Cy4 plants, respectively, and is
therefore not shown. In this application of the TTR-SDM we assumed that soil nitrogen is
spatially invariant, which means that nitrogen uptake rates are influenced by temperature
and soil moisture only. This is appropriate when the goal is to estimate the climatic niche
only. Note that carbon uptake is also influenced by shoot nitrogen (second panel), which is
used as a proxy for leaf nitrogen, and that shoot nitrogen is not estimated from species
distribution data, but modelled as a function of the plant’s nitrogen pools as described in
ref32 of main text. Also note that the numbering of the parameters differs from ref*? due to
differences in how carbon uptake is modelled.
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Supplementary Figure 11. Standard error of ambient suitability values calculated from five random subsets of 50% of

the species from each growth form. The suitability values can range between 0 and 1. The values of the standard errors

therefore indicate that the suitability estimate are accurate. The highest standard errors occur in the needleleaf trees, the

total number of which was 439.
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Supplementary Figure 12. Modelled climatic suitability of ambient grid cells for plant
growth forms derived from range models with a minimum of seven versus 20 occurrence

records.
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Supplementary Table 2: Reference list for BIEN occurrence records.

Anderson, J., Eckhart, V. & Geber, M. Data from: Experimental studies of adaptation in
Clarkia xantiana. III. Phenotypic selection across a subspecies border. (2015)
doi:10.5061/dryad.b631d.

Anderson-Teixeira, K. J. et al. CTFS-ForestGEO: a worldwide network monitoring forests
in an era of global change. Global Change Biology 21, 528-549 (2015).

Aussenac, R. et al. Data from: Intraspecific variability in growth response to
environmental fluctuations modulates the stabilizing effect of species diversity on
forest growth. (2016) doi:10.5061/dryad.55gb7.

Benkman, C. Data from: The natural history of the South Hills crossbill in relation to its
impending extinction. (2016) doi:10.5061/dryad.cm586.

Bhattarai, G. et al. Data from: Biogeography of a plant invasion: genetic variation and
plasticity in latitudinal clines for traits related to herbivory. (2016)
doi:10.5061/dryad.r8dim.

Blonder, B. et al. The leaf-area shrinkage effect can bias paleoclimate and ecology
research. American Journal of Botany 99, 1756-1763 (2012).

Bonal, D., Sabatier, D., Montpied, P., Tremeaux, D. & Guehl, J.-M. Interspecific variability
of d13 C among trees in rainforests of French Guiana: functional groups and
canopy integration. Oecologia 124, 454-468 (2000).

Caughlin, T. et al. Data from: A hyperspectral image can predict tropical tree growth rates
in single-species stands. (2016) doi:10.5061/dryad.témd2.

Duwyn, A. & MacDougall, A. Data from: When anthropogenic-related disturbances
overwhelm demographic persistence mechanisms. (2015)
doi:10.5061/dryad.kms3t.

Enquist, B. & Boyle, B. SALVIAS - the SALVIAS vegetation inventory database.
Biodiversity & Ecology 4, 288-288 (2012).

Fegraus, E. Tropical Ecology Assessment and Monitoring Network (TEAM Network).
Biodivers. Ecol. 4, 287-287 (2012).

Forest Inventory and Analysis National Program. (2013). http://www.fia.fs.fed.us/
[accessed 19 January 2013]

Forsyth, D. et al. Data from: Density-dependent effects of a widespread invasive herbivore
on tree survival and biomass during reforestation. (2015)
doi:10.5061/dryad.2q242.

Frainer, A. et al. Data from: Stoichiometric imbalances between detritus and detritivores
are related to shifts in ecosystem functioning. (2015) doi:10.5061/dryad.dmg4c.

Gapare, W. Data from: Genetic parameters in subtropical pine F1 hybrids: heritabilities,
between-trait correlations and genotype-by-environment interactions. (2015)
doi:10.5061/dryad.d5672.

GBIF Occurrence Download https://doi.org/10.15468/dl.yubndf [accessed 17 May 2018]

Han, W., Fang, J., Guo, D. & Zhang, Y. Leaf nitrogen and phosphorus stoichiometry across
753 terrestrial plant species in China. New Phytologist 168, 377-385 (2005).

Karagatzides, J. & Ellison, A. Construction Costs of Carnivorous Plants and Non-
Carnivorous Plants. Harvard Forest Data Archive: HF112 (2008).

Kraft, N. J., Valencia, R. & Ackerly, D. D. Functional traits and niche-based tree
community assembly in an Amazonian forest. Science 322, 580-582 (2008).

Kraft, T. et al. Data from: Seed size and the evolution of leaf defences. (2015)
doi:10.5061/dryad.69pho.

Lawson, J., Fryirs, K. & Leishman, M. Data from: Hydrological conditions explain wood
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