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Climate forcing data: Supplementary Figures 1 -3
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Supplementary Figure 1 Daily temperature (in °C, red/blue shading) and precipitation (in mm/day, turquoise/brown)
averaged over the “Central” European region (0°-20°E, 42°-53°N). Thick lines show the 1961-1990 climatology, thin lines
show the 2003 values. Red and brown shading means that 2003 was hotter and drier than average, respectively, on a given
day of year. In the top panel, the WFDEI data set has been extended by the WATCH forcing data set (1) for the period 1961-
1978. WATCH uses the same methodology as WFDEI (2) but is based on ERA-40, rather than ERA-Interim, reanalysis data.
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Supplementary Figure 2 Summer (June—August average) climate anomalies in 2003 (with respect to the 1961-1990
average) in the three climate forcing data sets. Top left: Surface air temperature (in °C); only shown for WATCH/WFDEI (2)
since monthly temperatures have been bias-corrected using Climate Research Unit (CRU) observational data in all three
data sets, and thus are identical. Thick and thin box indicate the “Central” and “West” regions, respectively, used for
averaging in the main paper and in Supplementary Figures 1, 10, and 22. Top right to bottom: Precipitation (in mm/day) in
WATCH/WFDEI, GSWP3 (3), and PGFv2 (4).
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Supplementary Figure 3 As Supplementary Figure 2 (top right) but for the annual average.



Model ensemble: Supplementary Table 1

Supplementary Table 1 Impact models used in this study, including main references

#(asin Model name (Model version) | Main Code availability
figures) reference(s)
Agriculture
1 CGMS-WOFOST (WOFOST (5, 6) https://github.com/ajwdewit/pcse,
7.1/PCSE 5.1) https://github.com/ajwdewit/ggcmi
2 CLM-Crop (modified CLM (7) http://www.cesm.ucar.edu/models/cesm1
4.5) .2/clm/
3 EPIC-Boku (EPIC0810) (8) EPICv0810 field-scale core model:
4 EPIC-IIASA (EPIC0810) (9) https://epicapex.tamu.edu/epic/.
5 GEPIC (EPIC0810; partly (10, 11) Extensions available from model
modified at EAWAG) developers upon request
6 LPJ-GUESS (Version 2.1 with | (12) upon request
crop module)
7 LPJmL () (13) Most recent version:
https://github.com/PIK-LPJmL/LPJmL.
Version used here available upon request
8 ORCHIDEE-CROP (V1.1) (14) upon request
9 pAPSIM1.0 (APSIM V7.5) (15) https://github.com/RDCEP/psims
10 pDSSAT2.0 (DSSAT4.6) (15)
11 PEGASUS (V1.1) (16) upon request
12 PRYSBI2 (17) upon request
Terrestrial Ecosystems
1 CARAIB () (18) upon request
2 DLEM (Dynamic Land (29, 20) upon request
Ecosystem Model) (v2.0)
3 JULES-B1 (JULES v4.4) (21) https://jules.jchmr.org/
4 LPJ-GUESS (3.1) (22) upon request
5 LPJmL () (13, 23) Most recent version:
https://github.com/PIK-LPJmL/LPJmL.
Version used here available upon request
6 ORCHIDEE (rev3013) (24, 25) upon request
7 VEGAS (v2.3) (26) upon request for collaboration
8 VISIT (VISITa) (27) upon request
Water
1 DBH () (28) http://hydro.iis.u-tokyo.ac.jp/DBH/
2 HO8 (H08) (29) http://h08.nies.go.jp
3 LPJmL () (30) Most recent version:
https://github.com/PIK-LPJmL/LPJmL.
Version used here available upon request
4 MATSIRO (HiGW-MAT) (31) not available
5 MPI-HM (R44) (32) upon request
6 PCR-GLOBWSB (version 2) (33) github link at https://www.geosci-model-
dev.net/11/2429/2018/
7 WaterGAP2 (WaterGAP 2.2 (34) not available
(ISIMIP2a))
Marine Ecosystems
BOATS (v1.0) (35) https://doi.org/10.5281/zenodo.27700
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EcoOcean () (36) EwWE core model: http://ecopath.org
Macroecological model (37) upon request

(v1.0)

EwE (36, 38-40) http://ecopath.org

Energy

VIC-HydroP (41) upon request

Heat-related mortality

City-specific ERFs (42, 43) upon request

Water resources: Supplementary Figures 4 -7
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Supplementary Figure 4 As Fig. 2 in the main paper but for simulations ignoring human interventions with the water cycle,
such as land use, reservoirs, and water withdrawals. Six models are included here, rather than five for the simulations
including human interventions.
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Supplementary Figure 5 Water balance components in the WaterGAP model, driven by WFDEI climate forcing, in the Weser
catchment (station Intschede) during three years centered on 2003. Precipitation (Precip), potential evapotranspiration
(PET), and discharge (QHI: simulation including human interventions; Qnat: naturalized simulation) range in the order of
several km3/month, while the human water use components are much smaller and cluster at the bottom of the figure
(WUirr: consumptive irrigation water demand; NAs: net consumptive demand from surface water sources; Nag: net
consumptive demand from groundwater resources; AUsw: actual water consumption from surface water). While irrigation
demand is larger in 2003 than in 2002 and 2004 (small bulge at the bottom center), actual water consumption remains near
zero (straight purple line) due to a lack of sufficient surface water resources to satisfy the demand. The difference between
QHI and Qnat is therefore small.
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Supplementary Figure 6 As Fig. 2 in main paper (left) and Supplementary Figure 4 (right) but for June and July. The “varsoc”

(time-varying societal impacts) scenario includes human interventions, while “nosoc” (no societal impacts) refers to the

simulations without human interventions.
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Supplementary Figure 7 As Fig. 2 in the main paper (top) and Supplementary Figure 4 (bottom), but with climate forcing

from the GSWP3 dataset. The model ensemble includes 5 models for “varsoc”, and 7 models for “nosoc”; individual models

are identified by the same numbers as in the main paper.



Agriculture: Supplementary Figures 8 - 9, Supplementary Table 2
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Supplementary Figure 8 As Fig. 3 in the main paper but with PGFv2 climate forcing.
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Supplementary Figure 9 As Fig. 3 in the main paper, but in absolute terms (t/ha), and separately for irrigated (top) and

rainfed (middle) yields, as well as total yields (bottom). Only 11 crop models are included here because one model (no. 12)
does not separate between irrigated and rainfed yields. The percentage of total growing area equipped for irrigation is

listed in brackets.

Supplementary Table 2 Comparison of yield changes reported by FAOSTAT (obtained from

http://faostat.fao.org/site/567/default.aspx on August 30th, 2016) and COPA-COGECA (44) for those countries which are

mentioned in the COPA-COGECA report. COPA-COGECA only reports percentage changes between 2002 and 2003 annual

yields, without comparison to longer-term yields.
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Italy -21.2 -26.0 -12.0 -4.7
Portugal -52.1 -37.0
Spain -5.0 -13.3
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Terrestrial Ecosystems: Supplementary Figures 10 - 13
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Supplementary Figure 10 Summer (June-August) anomalies in gross primary production (GPP, in gC m™ month®) in the year
2003, relative to the average over 2000-2011, according to MODIS remote-sensing based estimates. Thick and thin black
rectangles outline the “Central” and “West” regions, respectively, used for averaging.

12



GPP anomaly (standard deviations)

GPP anomaly (standard deviations)

Supplementary Figure 11 As Fig. 4 (a) in main paper but using GSWP3 (top) and PGFv2 (bottom) climate forcing, with
simulations starting in 1971.
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Supplementary Figure 12 Anomalies in summer (June-August) total GPP over the two European regions (see
Supplementary Figure 10), relative to the linear trend over the entire period (1979-2010 for the biomes models, 2000-2011
for MODIS data), for simulations using WFDEI climate forcing. Models are shown in color, MODIS data in black. Some model
simulations (“varsoc”) include time-varying human interventions — most relevant, land-use change — while others (“nosoc”)
don't.
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Supplementary Figure 13 As Supplementary Figure 12 but for simulations using GSWP3 climate forcing.
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Energy: Wind and solar power, Supplementary Figure 14

Hydroelectric usable capacity anomaly {std.}

Supplementary Figure 14 As Fig. 5 (blue bars) in main paper but for summer (June-August).

Human health: Supplementary Table 3

Supplementary Table 3 Previous estimates of excess mortality due to the 2003 EHWD in different European cities.
Reported numbers of excess deaths are displayed in Fig. 6 (main paper), after normalization by their respective population
baseline. In cases where the population baseline is not directly reported in the cited studies, we use official population
statistics for 2003 (URLs given in the table), and display the resulting mortality rate as a diamond symbol in Fig. 6 (main
paper).

Study City Number | City population baseline Time Baseline
excess period
deaths 2003
Michelozzi et Rome! 944 2 546 804 * Jun-Aug Smoothed daily
al. 2005 (52) mortality 1995-
2002
Turin® 577 865 263 * 1998-2002
Milan® 559 1256211 * 1995-2002
Le Tertre et al. Paris 2085 6,164,418 (baseline 1996- 22 Julto 2 | Poisson regression
2006 (57) 2003) Sep models — seasonal
predictions as

! city population baseline reported in Michelozzi et al., 2006

16




baseline
Johnson et al. London 616 7,394,817 4-13 Aug 1998-2002 average
2005 (58) (https://data.london.gov.uk
/dataset/office-national-
statistics-ons-population-
estimates-borough,
08.08.2017)
Mitchell et al. Paris 723 2 126 000 Jun-Aug Baccini et al.
2016 (49) (Central) models but
London 322 7 154 000 Jun-Aug observed mortality
and weather from
2003
Borrell et al. Barcelona | 411 1,582,738 Jun-Aug Age-group specific
2006 (51) model 1998-2002
Tobias et al. Barcelona | 537 1,582,738 Jun-Aug Poisson regression
2010 (56) (http://www.ine.es/dynt3/i 1999-2003
nebase/en/index.htm?padre
=527, 08.08.2017)
Martinez- Barcelona 665 1,582,738 Jun-Aug Poisson regression
Navarro et al. (http://www.ine.es/dynt3/i 1990-2002
2004 (55) nebase/en/index.htm?padre (account for age
=527, 08.08.2017) groups, month,
Valencia 244 780,653 year)
(http://www.ine.es/dynt3/i
nebase/en/index.htm?padre
=527, 08.08.2017)
Grize et al. Zirich 47 342 116 Jun-Aug Poisson regression
2005 (54) (https://www.bfs.admin.ch/ 1990-2002
bfs/de/home/statistiken/be
voelkerung.html,
08.08.2017)

* as reported in ref. (53)

Marine Ecosystems: Supplementary Figures 15 - 19
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Supplementary Figure 15 Effect of the 2003 heat wave on European sea surface temperatures (SST): Timeseries (top left,
average over the region shown on the right) and difference between 2003 and the 1982-2015 average (right, in degree C),
both for the summer months June-August (JJA). Bottom four panels show the individual timeseries for the four sub-basins
analyzed in the following figures. Source: Observational data from NOAA
(http://www.esrl.noaa.gov/psd/data/gridded/data.noaa.oisst.v2.html).
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Supplementary Figure 16 Annual mean total consumer biomass (tcb) in three global marine ecosystem models
(MACROECOLOGICAL, BOATS, and EcoOcean), one regional model (basin-specific versions of EwWE), and observational
estimates (Sea Around Us Project (66, 67), black) in four European (sub-)basins. To remove differences in mean levels,
deviations from the 1995-2004 average are shown.
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Supplementary Figure 17 Summer (JJA) sea surface temperatures (SST) in the GFDL_reanalysis forcing dataset, for the
Adriatic and Northwestern Mediterranean subbasins and the North Sea and Baltic Sea. The year 2003 is marked with a
small circle.
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Supplementary Figure 18 Phytoplankton abundance in the English Channel in the GFDL_reanalysis forcing dataset. The year
2003 is marked with a small circle.
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Supplementary Figure 19 Summer (JJA) depth-integrated net primary productivity (NPP) in the GFDL_reanalysis forcing
dataset, for the Adriatic and Northwestern Mediterranean subbasins and the North Sea and Baltic Sea. The year 2003 is
marked with a small circle.

Methods: Shifted crop yield series, Supplementary Figures 20 - 22

Time-shifts in wheat yields

Depending on whether winter or spring wheat is simulated, sowing and harvest may occur in the
same year or in subsequent years; and because different crop models may simulate the one or the
other variety, and only report a sequence of harvests, it cannot always be determined whether the
first wheat harvest in the 1979-2008 simulation occurred in 1979 or in 1980. Ref. (68) discusses this
ambiguity in assigning harvests to calendar years — which is also present in FAOSTAT data — and
reports that shifting the country-level simulated yield time series by one year can improve
correlation with reported yields for some models and some countries. We also find a few model-
country combinations where the time series correlation coefficient improves by more than 0.3 when
simulated wheat yields are shifted forwards or backwards by one year. However, applying these time
shifts leads only to a marginal improvement of the multi-model median match with the reported
yields anomaly in 2003, in Germany, Bulgaria, Romania, Hungary, Poland, Spain, and Austria
(Supplementary Figure 22).
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Supplementary Figure 20 As Fig. 3 in the main paper, but with a linear trend removed instead of a moving average.
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GPP anomaly (standard deviations)

Supplementary Figure 21 As Fig. 4 (a) in the main paper but with the standard deviation of the model GPP anomaly
calculated over the entire period 1979-2010, rather than just 2000-2010.
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Supplementary Figure 22 As Fig. 3 (b) in the main paper but with the simulated country-level yield time series shifted by
one year forwards or backwards in cases where such a shift improves the correlation coefficient between the simulated and
the reported yield time series by more than 0.3.
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