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S1 Supplementary information on Data and Methods
S1.1 Simulation data

The accompanying study relies on simulation data from the EURO-CORDEX project. It uses output from the regional cli-
mate model runs for the historical period and for the two future projections under the representative concentration pathways
RCP4.5 and RCP8.5 (Jacob et al., 2014). That is, the study uses the dynamical regional downscaling of CMIP5-simulations.
According to the overview at https://cordex.org/data-access/cordex-cmip5-data/cordex-cmip5-simulations/ (last visited 2026-
08-20), there were 25 GCM-RCM pairs that covered both RCP4.5 and RCP8.5. Data from 18 GCM-RCM pairs was available
to calculate the scPDSI and its evapotranspiration input (Table S1).

A number of simulations did not provide full output for all months until 2100. Some of these even do not have data for
December 2099. For these, the input data vectors for precipitation and potential evapotranspiration are padded with 0 for
December 2099 for the calculations of the scPDSI. Analyses do not exclude December 2099 or the year 2099, here, as this
does not influence the conclusions in the paper. Other simulations started only from January 2nd of their first year. As this did
not affect calculations, these Januaries are nevertheless included here.

The Copernicus Climate Data Store provides access to a subset of EURO-CORDEX data (Copernicus Climate Change
Service, 2023, 2019).

S1.2 Drought index calculations

The current manuscript classifies drought using the self-calibrating Palmer Drought Severity Index (scPDSI, Palmer, 1965;
Wells et al., 2004). The index considers a local water balance, for which calculations require estimates of evapotranspiration
and local water holding capacity data. Evapotranspiration calculations, here, use the Penman-Monteith equation (Allen et al.,
1998) following previous works (e.g., Dai, 2011; Sheffield et al., 2012; van der Schrier et al., 2013), which find this to be
generally beneficial compared to Thornthwaite’s equation (Thornthwaite, 1948) used in the original PDSI formulation (Palmer,

1965). According to Dai et al. (1998), the PDSI does not strongly depend on the choice of the water capacity holding data.
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Table S1. List of regional climate model (RCM) simulations, their driving general circulation (GCM) or earth system model (ESM) simula-

tion and the reference for the RCM.

Driving GCM RCM Model Run RCM Institution RCM Reference
CNRM-CMS5 ALADIN63  rlilpl CNRM Daniel et al. (2019)
CNRM-CMS5 RACMO22E  rlilpl KNMI Meijgaard et al. (2012)
CNRM-CM5 RCA4 rlilpl SMHI Kjellstrom et al. (2016)
EC-EARTH RACMO22E rl2ilpl KNMI Meijgaard et al. (2012)
EC-EARTH RCA4 r12ilpl SMHI Kjellstrom et al. (2016)
EC-EARTH RACMO22E rlilpl KNMI Meijgaard et al. (2012)
EC-EARTH HIRHAMS r3ilpl DMI Bgssing Christensen et al. (2007)
IPSL-CM5A-MR RCA4 rlilpl SMHI Kjellstrom et al. (2016)
HadGEM2-ES HIRHAMS rlilpl DMI Bgssing Christensen et al. (2007)
HadGEM2-ES REMO2015  rlilpl GERICS Remedio et al. (2019)
HadGEM2-ES RACMO22E  rlilpl KNMI Meijgaard et al. (2012)
HadGEM2-ES RCA4 rlilpl SMHI Kjellstrom et al. (2016)
MPI-ESM-LR REMO2009  rlilpl MPI-CSC Jacob et al. (2012)
MPI-ESM-LR RCA4 rlilpl SMHI Kjellstrom et al. (2016)
MPI-ESM-LR REMO2009  r2ilpl MPI-CSC Jacob et al. (2012)
NorESM1-M HIRHAMS rlilpl DMI Bgssing Christensen et al. (2007)
NorESM1-M REMO2015 rlilpl GERICS Remedio et al. (2019)
NorESM1-M RCA4 rlilpl SMHI Kjellstrom et al. (2016)

The calibration period for the scPDSI calculations from the simulations is 1971 to 2000. Index-calculations take place on

the native simulation grids and without masking land-sea areas. Subsequent ensemble comparisons require remapping and

masking of the land-areas. Evapotranspiration calculations adapt code from the pyet Python-library (Vremec et al., 2024;
Vremec and Collenteur, 2024), and scPDSI-calculations rely on code by ECA&D (https://github.com/ECA-D/, e.g., Photiadou
et al., 2017; Photiadou and Bronaugh, 2017; Harpham et al., 2025) as well as the water capacity holding data provided by
ECA&D in their code-package (Harpham et al., 2020, 2025; Global Soil Data Task Group, 2000).

S1.3 Acknowledgements for external code and software

A number of external tools helped in this study. While coding in R (R Core Team, 2025) and Python (Python Software

Foundation, 2021-2026) mainly took place in DKRZ’s jupyterhub (Jupyter Team, 2015) environment, writing of the article
relied on RStudio (Posit team, 2025).
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In R, the following packages helped in addition to those already mentioned in the manuscript: ncdf4 (Pierce, 2025), knitr
(Xie, 2025), rmarkdown (Allaire et al., 2024a), rticles (Allaire et al., 2024b), zoo (Zeileis and Grothendieck, 2005), scico
(Pedersen and Crameri, 2023), raster (Hijmans, 2025), fields (Douglas Nychka et al., 2021), viridis (Garnier et al., 2024),
lubridate (Grolemund and Wickham, 2011), CFtime (Van Laake, 2025), dplyr (Wickham et al., 2023), purrr (Wickham and
Henry, 2025), stringr (Wickham, 2023), and ncdf4.helpers (Bronaugh, 2025).

Similarly, in Python NumPy (Harris et al., 2020) and xarray (Hoyer and Joseph, 2017) assisted alongside the modules
referenced in the manuscript.

Additionally, the CDOs (Schulzweida, 2023) and GNU Parallel (Tange, 2021) were used.
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