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Supplementary Figure 1: Time evolution of anomalies in precipitation, runoff and
evapotranspiration (ET) averaged across the 10 strongest annual droughts during 1984-

2007 . Further, the corresponding mean soil moisture evolution during drought is shown in
gray with the y-axis on the right. Results shown for the smallest (a, <50 km?) and largest
catchments (b, >1000 km?) across Europe. Both groups are well distributed across the
continent and represent each approximately 10% of the entire considered catchment

selection.
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Supplementary Figure 2: ET response to drought at Fluxnet sites distributed across all

considered European regions (a). Fluxnet sites with sufficiently long ET time series (10

years) were chosen in each region to ensure a robust computation of the drought composite

ET. (b)-(j) Comparison of Fluxnet ET anomalies (1) with corresponding anomalies from

related 0.5°x0.5° grid cells derived from GLEAM (2), ERA-Interim/Land (3), and MERRA

(4).
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Supplementary Figure 3: (a) Locations with available soil moisture measurements which are
used to (b-d) validate the modelled soil moisture product (5) mainly used in this study. Soil
moisture measurements are taken at 30cm depth. Soil moisture stations were chosen to be
distributed across the considered European climate regions, and as they were not considered
in the derivation of the modelled soil moisture product. (b-d) Comparison of ranks

considering all available May-September half-monthly values.
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Supplementary Figure 4:Time evolution of anomalies in precipitation, runoff and ET
averaged across the 10 strongest annual droughts during 1984-2007. Results shown for the
entire European region and its climate-regime areas, instead of just data for the catchment
locations. Runoff data are taken from the gridded ERA-Interim/Land dataset (3) as the
measurements used otherwise are only available for the sample of study catchments. In
addition to the variation of soil moisture anomalies shown in gray, also respective radiation

anomalies are displayed in red.
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Supplementary Figure 5: Summer coupling strength of ET (a,b) and runoff (d,e) with soil
moisture (a,d) and precipitation (b,e). (c) Difference between the ET coupling strengths. (f)

Difference between the runoff coupling strengths.
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Supplementary Figure 6: a) Spatial variations of runoff anomalies. b) Relating the runoff

anomalies to long-term dryness and precipitation anomalies. c,d) Same for ET.
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Supplementary Figure 7: Mean drought-related behavior of the major water-balance fluxes
(precipitation, runoff, ET) averaged across the ten strongest annual droughts and over all
catchments in each European climate region. In contrast to Figure 4, results are derived with
alternative gridded soil moisture, precipitation and evapotranspiration data. Soil moisture
data (identifying droughts) and ET data are taken from the ERA-Interim/Land dataset (3),
and precipitation data is obtained from ERA-Interim (6). The same catchments and runoff
observations as in Figure I are used, but the corresponding results may differ due to different
identified drought periods and times. Error bars denote the inter-quantile range (25"-75™

percentile) across results from all catchments in the respective region.
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Supplementary Figure 8: Illustration of different length scales associated with drought-

induced anomalies in green-water ET and blue-water runoff.
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