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S1 FPAR versus EVI
Fig. S1: MODIS FPAR versus MODIS EVI data. Colors in the point cloud represent a Kernel
Density Estimation (R package “LSD” (Schwalb et al., 2015)) and visualise overlapping

points.
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S2 Functional form by site

Fig. S2: Functional relationship of the fractional reduction in light use efficiency (fLUE) and
soil moisture for three typical sites for clusters 1-3. Blue points represent individual days’
data. Boxplots represent the distribution of fLUE values within soil moisture bins (20%
quantiles), red points are medians within bins, red lines are quadratic fit functions to

medians within bins. fLUE, is defined as the value of the quadratic fit function for soil

moisture = 0.
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S3 NN performance

Fig. S3: Neural network-based predicted versus observed light use efficiency (LUE).
Observed LUE is calculated as GPP,, /(fAPAR., * PAR,, ), where fAPAR.,, is the fraction of
absorbed photosynthetically active radiation, quantified from MODIS EVI data, and PAR,, is
the observed photosynthetically active radiation from the FLUXNET 2015 dataset. (a)
Predicted values are based on the neural network model estimating actual light use
efficiency, NN, using all input variables (temperature, vapour pressure deficit (VPD),
photosynthetically active radiation (PAR), soil moisture) and all days data. (b) Predicted
values are based on the neural network model estimating potential light use efficiency,
NN,,, trained at data from days above the soil moisture threshold (“moist days”), using
temperature, VPD, and PAR as input and evaluated only on moist days’ data. (c) same as (b)

but evaluated on dry days data . (d) Predicted values based on NN
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S4 Cluster overview

Fig. S4: Overview of sites by cluster. AGPP (%): percentage mean annual reduction of gross
primary productivity due to soil moisture only, calculated based on the fractional reduction
in light use efficiency (fLUE), fAPAR and PAR. AGPP,, (%): same but during drought periods
only. ‘dr’ (%): percentage of days classified as drought based on fLUE. fLUE, and fLUE,:
median fLUE value within the lower and upper soil moisture quartiles. Al: mean annual
aridity index (precipitation over potential evapotranspiration). AET/PET: mean annual ratio of
actual over potential evapotranspiration. WTD,,, and WTD,; (m): water table depth
extracted from global datasets by (Fan et al., 2013) and (de Graaf et al., 2015). ‘drain,,sp’":
drainage class from the Harmonized World Soil Databalse, HWSD (1=very poor,
6=somewhat excessive), data by (Shangguan et al., 2014). AWC,, s, available water
capacity (mm/m), data by (Shangguan et al., 2014). vegg. vegetation class by the
International Geosphere-Biosphere Programme (IGBP) classification (GRA=grasslands,
SAV=savannah, WSA=woody  savannah, ENF=evergreen  needleleaved forest,
EBF=evergreen broadleaved forest, DBF=deciduous broadleaved forest, CSH=closed
shrubland, WET=wetland, CRO=cropland, MF=mixed forest).
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S5 Aligned plots

Fig. S5: Coevolution of ecosystem state variables throughout droughts. Shown are soil
moisture and vapour pressure deficit (VPD, top panel of each sub-plot) and fractional
reduction in light use efficiency (fLUE, red) and vegetation greenness, quantified by MODIS
EVI (second panel, green). Values shown by VPD™ (light blue) are calculated as the inverse
of normalised values relative to the median of VPD values during 20 days before drought
onset. Colored shaded ranges represent the upper and lower quartiles across drought

events. The vertical grey shading illustrates the length of individual fLUE drought events.
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S6 Time series

Fig. S6: Time series for different sites. The site name is given in the upper left corner, along
with  vegetation type (GRA=grasslands, SAV=savannah, WSA=woody savannah,
ENF=evergreen needle-leaved forest, EBF=evergreen broadleaved forest, DBF=deciduous
broadleaved forest, CSH=closed shrubland). Top panel: Time series of observed values and
neural network-based estimates of gross primary productivity (GPP). Curves are splined
daily values with shaded ranges representing splines of minimum and maximum values
within 7-days sliding windows. Bottom panel: fractional reduction in light use efficiency due
to soil moisture (fLUE) and the fraction of absorbed photosynthetically active radiation
(FAPAR) based on MODIS EVI data. The shaded range around fLUE represents the splined
minimum and maximum fLUE across its quantifications based on different soil moisture
datasets and the solid line its mean. Grey vertical bars illustrate periods identified as

‘droughts’, i.e. where fLUE falls below a site-specific threshold (see Methods).
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Fig. S6 (continued)
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Fig. S6 (continued)

GPP (gC m2d™")

unitless

—_
(4]

-y
o

[4)]

o

O O = -
o o v

S
A
|

o©
¥
|

—— MODIS EVI
I T T T T T T T T T
2000 2001 2002 2003 2004 2005 2006 2007 2008

o
=)
|

year

Fig. S6 (continued)
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Fig. S6 (continued)
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S7 VPD - soil moisture correlation
Fig. S7: Relationship between vapour pressure deficit (VPD) and soil moisture. (left) VPD
versus soil moisture. (right) VPD during moist and dry days. Boxes represent the interquartile

range of values (Q,;, Q,5,), whiskers cover Q,.-1.5x(Q,.-Q,,) to Q,+1.5x(Q,-Q,,).
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S8 Soil moisture control on VPD

Fig. S8: Conceptual relationship between vapour pressure deficit (VPD) and soil moisture

(SM). ET is evapotranspiration.
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Methods

Methods S1 Extended methods description.

File uploaded separately.
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