











Extended DataFig. 6 | Heavy rainfall evolutionin Austriacompared to
sulphate aerosols and cyclone tracks. a, Daily heavy rainfallanomaliesin the
North, and Vband X-N Cyclone track index. b, Daily heavy rainfall anomaliesin
the South, and X-S Cyclone track index. ¢, Daily heavy rainfallanomalies north
(left) and south (right) of the Alpine ridge and sulphate aerosol concentrations

from Colle Gnifetti, Italy (orangeline) and Hoher Sonnblick, Austria (orange dots).

y-axis of sulphate aerosolsisinverted. d, Hourly heavy rainfallanomalies north
(left) and south (right) of the Alpine ridge and sulphate aerosol concentrations
asinc.Solid linesindicate the mean over all stations, shaded bands the 95%
confidenceinterval of the mean estimated by bootstrapping (n =1000). The
greybarsatthebottomof the panelsindicate the reference period.
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Extended DataFig.7|Attribution of heavy rainfall evolutionin Austria
and temperature scaling with daily data. a, Daily heavy rainfallanomalies in
the North and persistency index. b, Daily heavy rainfallanomalies in the South
and meridionality index. ¢, Daily heavy rainfallanomalies and air temperature
anomalies over the entire domain. d, Instantaneous scaling: daily heavy rainfall
rates above the 99" percentile binned by daily air temperature of the day of
occurrence foreach month of the warm season. Grey dashed linesindicate
scaling of +7%/°C. A quantile regression of (log-)hourly heavy rainfall against
daily air temperature during1950-2023 gives an instantaneous scaling across

allmonths of -0.8 + 0.1%/°C. e, Climate scaling: comparison of the periods
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1950-1970 and 2003-2023. Average daily heavy rainfallanomaly increases

by +4.2%, air temperature anomaly by +1.8 °C, which gives a climate scaling of
2.3+0.4%/°C.Thegreybarsatthebottomofa, band cindicate the reference
period. Solid linesindicate the mean over all stations, shaded bands the 95%
confidenceinterval of the mean estimated by bootstrapping (n =1000). Lower
and upper boxboundariesineare25thand 75th percentiles, respectively, the
lineinside the boxis the mean, the upper and lower whiskers extend to the
largest value but no further than1.5times theinterquartile range, and the
points outside the whiskers are individual data points.
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Extended DataFig. 8| Effect of heavy rainfall evolution on flood peaks
consideringeither all of Austria or all the seasons. a, Daily heavy rainfall
anomalies and flood peak discharge anomalies in the warm season for large
catchments (>500 km?2) in the entire domain. b, Hourly heavy rainfall anomalies
and flood peak discharge anomalies the warm season for small catchments
(<50 km2)inthe entire domain. Heavy rainfall values are 99" percentiles asin
Fig.1, flood peaks are the mean annual floods of the warm season. ¢, Daily heavy
rainfallanomalies and flood peak discharge anomalies in the entire year for
large catchments (>500 km?), north (left) and south (right) of the Alpine ridge.
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d, Hourly heavy rainfall anomalies and flood peak discharge anomalies in the
entire year for small catchments (<50 km2), north (left) and south (right) of the
Alpineridge.Solid lines indicate the mean over all stations, shaded bands the
95% confidence interval of the mean estimated by bootstrapping (n =1000).
The greybars at the bottom of the panelsindicate the reference period.
ThefigureissimilartoFig.3,buta,bshow the anomalies for the entire
domain rather than for the subregions north and south of the Alpine ridge,
and c,d shows theall-year flood peak anomalies rather than the warm season.
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Extended Data Table 1| Spearman’s rank correlation
coefficients of daily and hourly heavy rainfall with

meridionality index, persistency index and air temperature

for 1901-2020 (daily heavy rainfall) and 1947-2020
(hourly heavy rainfall)

Daily heavy rainfall anomaly

Hourly heavy rainfall anomaly

Entire
region
Meridionality 0.72
(dynamic) (0.02)
Persistency 0.63
(dynamic) (0.04)

Air temperature 0.22
(thermodynamic) (0.47)

North

0.77
(0.02)

(0.10)

0.26
(0.40)

South

-0.04
(0.87)

0.60
(0.02)

0.26
(0.30)

Entire
region

0.39
(0.31)

(0.40)

0.93
(0.03)

North

0.66
(0.07)

0.56
(0.12)

0.80
(0.05)

South

0.30
(0.46)

0.25
(0.51)

0.95
(0.04)

P-values in brackets account for the autocorrelations of the time series®®. Analysis separately

for the entire region, north and south of the Alpine ridge. Heavy rainfall has been corrected for

errors caused by the registration type, while in Table 3 it has not.



Extended Data Table 2 | Spearman’s rank correlation
coefficients of daily and hourly heavy rainfall (original and
bias corrected) with annual flood peaks in small (<50km?)
and large (>500km?) catchments for 1950-2022

Correlation between floods in
small catchments and
original heavy rainfall data

Correlation between floods in
large catchments and
original heavy rainfall data

Correlation between floods in
small catchments and bias
corrected heavy rainfall data

Correlation between floods in
large catchments and bias
corrected heavy rainfall data

Daily heavy rainfall anomaly

Entire
region

0.42
(0.30)

0.62
(0.09)

0.44
(0.29)

0.63
(0.08)

North

0.33
(0.41)

0.67
(0.07)

0.36
(0.38)

0.68
(0.07)

South

0.54
(0.10)

-0.03
(0.89)

0.53
(0.11)

-0.07
(0.74)

Hourly heavy rainfall anomaly

Entire

region North South
0.92 0.70 0.93
(0.03) (0.08) (0.03)
0.67 0.80 0.07
(0.07) (0.03) (0.72)
0.92 0.71 0.93
(0.03) (0.08) (0.03)
0.67 0.80 0.07
(0.07) (0.03) (0.72)

P-values in brackets account for the autocorrelations of the time series®®. Analysis separately
for the entire region, north and south of the Alpine ridge.
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Extended Data Table 3 | Scaling of heavy rainfall with
respect to air temperature (%/°C)

Daily heavy rainfall

Hourly heavy rainfall

ri’;‘l';ﬁ North  South r'ig‘l'gf] Notth  South
Instantaneous scaling
1950-2023 -0.8 -1.4 -0.5 6.8 7.8 6.5
1980-2023 -0.8 -1.4 -0.4 6.8 7.8 6.6
Climate scaling
1950-1970 vs. 2003-2023 23 24 22 8.0 7.7 8.4
1980-2000 vs. 2003-2023 6.9 10.1 3.7 9.9 10.2 9.7

Instantaneous scaling for 19950-2020 and 1980-2020, and climate scaling for 1950-1970 vs.
2000-2020 and 1980-2000 vs. 2000-2020. Analysis separately for the entire region, north

and south of the Alpine ridge.





