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Figure S1 shows the results of a trend analysis applied to 134 historical gauges of the regional monitoring network stations
(Fig. 1a in the main text) using the non-parametric trend tests of Mann-Kendall (identifying significance at a 5% level) and
Sen’s slope estimator (determining the trend slope per year), employed to analyze long-time (from 1955 to 2023) hydro-climatic
series of annual precipitation (PRCPTOT) and maximum one-day precipitation (RX1day) in the wet season. To estimate miss-
ing daily values or reconstruct detected outliers, a linear correlation process was applied as follows: (i) daily rainfall data
were collected for each station from 1955 to 2023. If fewer than 15 days were missing in a given year (approximately 4%, as
suggested in several studies, e.g., Aguilar et al. 2005; Donat et al. 2013; Stephenson et al. 2014), the dataset for that year was
considered complete. (ii) If more than 15 days were missing for a station in a given year, we performed a linear regression
between that station’s available data and the data from a nearby station with a strong correlation (always above 0.8, often much
higher). The regression equation was then used to fill the gaps. While this approach could influence extreme-event values, we
applied it cautiously, taking into account the characteristics of the data.

Overall, for PRCPTOT the decreasing trend is quite clear (105 stations with negative trends, 29 of which are significant),
while for RX1day the positive trend is less pronounced (78 stations with positive trends, only 7 of which are significant, against
only 4 significant negative trends). Nevertheless, it clearly indicates that trends in extreme precipitation differ from those in
average precipitation, especially in some zones of the region (e.g., the south and east), which are more exposed to events from
the Ionian Sea.

Table S1 lists the datasets used for the SST analysis described in the main text, while Table S2 outlines the physical param-
eterization scheme adopted for the WRF dynamical downscaling. Fig. S2 shows the accumulated precipitation associated with
event no. 12, obtained by applying spectral nudging on the external domain DOI and considering both the reference (SSTO)
and perturbed (SST+3) sea surface temperature scenarios. Figures S3—S22 provide cumulative precipitation maps (mm) for
each of the 20 events observed in the Calabria region, simulated under the SSTO configuration.

Table S3 provides a detailed analysis of the 20 precipitation events identified in the September-December 2019 period. It
quantifies average precipitation (mm) across the entire internal domain of the WRF simulation, overland-only precipitation,

and precipitation above the 95" percentile, simulated by SSTO, SST-1, and SST+3 scenarios, respectively.
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Figure S23 reports the simulated center of mass for the 20 events across the three SST scenarios calculated over the domain
DO1. Figure S24 shows the cumulative precipitation for event no. 12 achieved by adopting a different PBL scheme (YSU,
instead of MYJ) in the SSTO and SST+3 scenarios, respectively. Figure S25 depicts the column precipitable water and the
sea level pressure over the DO1 domain for a specific time related to events no. 6 and no. 15, by considering the three SST
scenarios. Finally, Figures S26 and S27 show the average Convective Available Potential Energy (CAPE), horizontal wind, as
well as vertical profiles of omega, wind, and water vapor mixing ratio for events no. 6 and no. 15, respectively, considering
the three SST configurations. All simulations employed the WRF model, forced with ERAS boundary conditions, utilizing two
one-way nested domains with a 2-km horizontal resolution of the innermost domain (the reader is referred to the main text for

further details).
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Figure S1. Mann-Kendall and Sen’s slope tests for observations of a) PRCPTOT at annual scale, b) RX1day at wet season scale from

September to February over Calabria from 1955 to 2023. Black-contoured dots indicate stations with statistically significant trends.



Table S1. List of datasets (IDs 0_1 and 0_2) and GCMs (IDs 1-22) considered for assessing observed/estimated historical and estimated

future SST evolution in the Mediterranean Area. GCMs data have been provided by Instituto de Fisica de Cantabria (IFCA)

ID Complete Name Institution Model Variant Reference
0_1 ERAS Reanalysis ECMWF Reanalysis Hersbach et al. (2020)
0_2 SST_GLO_SST_L4_REP_OBSERVATIONS_010_024 CMEMS Observation (CMEMS) (2023)
1 ACCESS-CM2_CSIRO-ARCCSS _rlilplfl CSIRO-ARCCSS ACCESS-CM2 rlilplfl Dix et al. (2023)
2 ACCESS-ESM1-5_CSIRO_rlilplfl CSIRO ACCESS-ESM1-5  rlilplfl Ziehn et al. (2023)
3 AWI-CM-1-1-MR_AWTI rlilplfl AWI AWI-CM-1-1-MR  rlilplfl Semmler et al. (2023)
4 BCC-CSM2-MR_BCC_rlilplfl BCC BCC-CSM2-MR rlilplfl Xin et al. (2023)
5 CAMS-CSM1-0_CAMS_r2ilplfl CAMS CAMS-CSM1-0 r2ilplfl Rong (2023)
6 CESM2-WACCM_NCAR rlilplfl NCAR CESM2-WACCM rlilplfl Danabasoglu (2023)
7 CMCC-CM2-SR5_CMCC_rlilplfl CMCC CMCC-CM2-SR5  rlilplfl  Lovato and Peano (2023)
8 CNRM-CM6-1-HR_CNRM-CERFACS _rlilplf2 CNRM-CERFACS CNRM-CM6-1-HR  rlilplf2 Voldoire (2023a)
9 CNRM-CM6-1_CNRM-CERFACS _rlilplf2 CNRM-CERFACS CNRM-CM6-1 rlilplf2 Voldoire (2023b)
10 CNRM-ESM2-1_CNRM-CERFACS _rlilplf2 CNRM-CERFACS CNRM-ESM2-1 rlilplf2 Seferian (2023)
11 CanESMS5_CCCma_rlilpl1fl CCCma CanESM5 rlilplfl Swart et al. (2023)
12 EC-Earth3_EC-Earth-Consortium_rlilp1fl EC-Earth-Consortium EC-Earth3 rlilplfl (EC-Earth)
13 FGOALS-g3_CAS_rlilplfl CAS FGOALS-g3 rlilplfl Li (2023)
14 GFDL-ESM4_NOAA-GFDL_rlilplfl NOAA-GFDL GFDL-ESM4 rlilplfl Krasting et al. (2023)
15 IITM-ESM_CCCR-IITM _rlilpl1fl CCCR-IITM IITM-ESM rlilplfl Panickal et al. (2023)
16 INM-CM5-0_INM_rlilplfl INM INM-CM5-0 rlilplfl Volodin et al. (2023)
17 IPSL-CM6A-LR_IPSL_rlilp1fl IPSL IPSL-CM6A-LR rlilplfl Boucher et al. (2023)
18 MPI-ESM1-2-HR_MPI-M__rlilplfl MPI-M MPI-ESM1-2-HR rlilplfl Jungclaus et al. (2023)
19 MPI-ESM1-2-LR_MPI-M_rlilplfl MPI-M MPI-ESM1-2-LR rlilplfl Wieners et al. (2023)
20 NorESM2-LM_NCC_rlilpl1fl NCC NorESM2-LM rlilplfl Seland et al. (2023)
21 NorESM2-MM_NCC_rlilplfl NCC NorESM2-MM rlilplfl Bentsen et al. (2023)
22 UKESM1-0-LL_MOHC _rlilplf2 MOHC UKESMI1-0-LL rlilplf2 Tang et al. (2023)
Table S2. WRF physical schemes adopted.
Component Scheme References
Microphysics New Thompson Thompson et al. (2008)
PBL MYJ Janji¢ (1994)
Longwave RTTM Mlawer et al. (1997)
Shortwave Goddard Matsui et al. (2020)
Land Surface Model NOAH-MP Niu et al. (2011)
Cumulus Tiedke (only DO1) Tiedtke (1989)
SST sst_skin Zeng and Beljaars (2005)
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Figure S2. Cumulative precipitation for event no. 12 without (a, ¢) and with (b, d) nudging for the scenarios SSTO (a, b) and SST+3 (c, d).



40°30'N —
40°N \J
39°30'N —|
39°N
38°30'N —
38°N
2
37°30'N —|
¥
14°E 15°E 16°E 17°E 18°E 14°E 15°E 16°E 17°E 18°E
Total Precipitation (mm) Total Precipitation (mm)
1 2 5 10 15 20 25 30 40 50 60 70 80 90 100 125 150 175 200 1 2 5 10 15 20 25 30 40 50 60 70 80 90 100 125 150 175 200

Figure S3. Cumulative precipitation for event 1: on the left, interpolated observation map; on the right, SSTO simulation.
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Figure S4. Cumulative precipitation for event 2: on the left, interpolated observation map; on the right, SSTO simulation.
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Figure S5. Cumulative precipitation for event 3: on the left, interpolated observation map; on the right, SSTO simulation.
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Figure S6. Cumulative precipitation for event 4: on the left, interpolated observation map; on the right, SSTO simulation.
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Figure S7. Cumulative precipitation for event 5: on the left, interpolated observation map; on the right, SSTO simulation.
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Figure S8. Cumulative precipitation for event 6: on the left, interpolated observation map; on the right, SSTO simulation.
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Figure S9. Cumulative precipitation for event 7: on the left, interpolated observation map; on the right, SSTO simulation.
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Figure S10. Cumulative precipitation for event 8: on the left, interpolated observation map; on the right, SSTO simulation.
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Figure S11. Cumulative precipitation for event 9: on the left, interpolated observation map; on the right, SSTO simulation.
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Figure S12. Cumulative precipitation for event 10: on the left, interpolated observation map; on the right, SSTO simulation.
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Figure S13. Cumulative precipitation for event 11: on the left, interpolated observation map; on the right, SSTO simulation.
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Figure S14. Cumulative precipitation for event 12: on the left, interpolated observation map; on the right, SSTO simulation.
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Figure S15. Cumulative precipitation for event 13: on the left, interpolated observation map; on the right, SSTO simulation.
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Figure S16. Cumulative precipitation for event 14: on the left, interpolated observation map; on the right, SSTO simulation.
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Figure S17. Cumulative precipitation for event 15: on the left, interpolated observation map; on the right, SSTO simulation.
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Figure S18. Cumulative precipitation for event 16: on the left, interpolated observation map; on the right, SSTO simulation.
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Figure S19. Cumulative precipitation for event 17: on the left, interpolated observation map; on the right, SSTO simulation.
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Figure S20. Cumulative precipitation for event 18: on the left, interpolated observation map; on the right, SSTO simulation.
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Figure S21. Cumulative precipitation for event 19: on the left, interpolated observation map; on the right, SSTO simulation.
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Figure S22. Cumulative precipitation for event 20: on the left, interpolated observation map; on the right, SSTO simulation.
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Figure S23. Locations of the centers of mass of the accumulated precipitation exceeding the 95" percentile for the 20 analyzed events,
considering the outermost domain D01, with SST-1 (blue filled circles), SSTO (dark grey), and SST+3 (red).
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Figure S24. Cumulative precipitation for event no. 12 by changing the PBL scheme for the two SST Scenarios: a) and b): SSTO; ¢) and d):
SST+3. Results shown in a) and c) use the MYJ Scheme, those in b) and d) the YSU scheme.
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Figure S26. Left: Average CAPE (color bar), horizontal average wind at 850 hpa (arrows), and precipitation (isolines) during the eight hours

preceding the most intense rainfall during event no. 6: a) SST-1, c) SSTO, e) SST+3. The red star indicates the center of mass previously

shown in Fig. 7 in the main text. Right: vertical profile of omega (color bar), water vapor mixing ratio (isolines), and vertical wind (upward

or downward arrows for direction; speed proportional to the reference vector) for b) SST-1, d) SSTO, f) SST+3.
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Figure S27. Left: Average CAPE (color bar), horizontal average wind at 850 hpa (arrows), and precipitation (isolines) during the six hours
preceding the most intense rainfall during event no. 15: a) SST-1, ¢) SSTO, e) SST+3. The red star indicates the center of mass previously
shown in Fig. 7 in the main text. Right: vertical profile of omega (color bar), water vapor mixing ratio (isolines), and vertical wind (upward

or downward arrows for direction; speed proportional to the reference vector) for b) SST-1, d) SSTO, f) SST+3.
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