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Background



Changes in the Mediterranean

• Above average summer warming

• Less mean precipitation

• Increased rainfall seasonality

• Increased aridity
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Box TS.12, Figure 1: Example of generating regional climate information from multiple lines of evidence for the 4 

case of Mediterranean summer warming, with indication of the information available from 5 
the Interactive Atlas. (a) Mechanisms and feedbacks involved in enhanced Mediterranean 6 
summer warming. (b) Locations of observing stations from different datasets. (c) Distribution of 7 
���������VXPPHU�WHPSHUDWXUH�WUHQGV���&�SHU�GHFDGH��IRU�REVHUYDWLRQV��EODFN�FURVVHV���&0,3��8 
(blue circles), CMIP6 (red circles), HighResMIP (orange circles), CORDEX EUR-44 (light blue 9 
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Box TS.6, Figure 1: Projected water cycle changes. Long-term (2081-2100) projected annual mean changes (%) 3 

relative to present-day (1995-2014) in the SSP2-4.5 emission scenario for (a) precipitation, (b) 4 
surface evapotranspiration, (c) total runoff and (d) surface soil moisture. Top-right panel numbers 5 
indicate the number of CMIP6 models used for estimating the ensemble mean. For other scenarios, 6 
please refer to relevant figures in Chapter 8. Uncertainty is represented using the simple approach: 7 
No overlay indicates regions with high model agreement, where 80% of models agree on sign of 8 
change; diagonal lines indicate regions with low model agreement, where <80% of models agree 9 
on sign of change. For more information on the simple approach, please refer to the Cross-Chapter 10 
Box Atlas.1. {8.4.1, Figures 8.14, 8.17, 8.18, 8.19} 11 
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FAQ 8.3, Figure 1: Schematic map highlighting in brown the regions where droughts are expected to become 3 

worse as a result of climate change. This pattern is similar regardless of the emissions scenario; 4 
however, the magnitude of change increases under higher emissions. 5 
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Changes in the Mediterranean
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SCA (Southern Central America), CAR (Caribbean), "o�|_��l;ub1-Ĺ�NWS (North-Western South America), NSA (Northern South America), NES 
(North-Eastern South America), SAM (South American Monsoon), SWS (South-Western South America), SES (South-Eastern South America), 
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Figure 11.16:Projected changes in annual maximum daily precipitation at (a) 1.5°C, (b) 2°C, and (c) 4°C of global 4 

warming compared to the 1851-1900 baseline. Results are based on simulations from the CMIP6 multi-5 
model ensemble under the SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5 scenarios. The 6 
numbers on the top right indicate the number of simulations included. Uncertainty is represented using 7 
the simple approach: nR�RYHUOD\�LQGLFDWHV�UHJLRQV�ZLWK�KLJK�PRGHO�DJUHHPHQW��ZKHUH������RI�PRGHOV�8 
agree on sign of change; diagonal lines indicate regions with low model agreement, where <80% of 9 
models agree on sign of change. For more information on the simple approach, please refer to the Cross-10 
Chapter Box Atlas 1. For details on the methods see Supplementary Material 11.SM.2. Further details on 11 
data sources and processing are available in the chapter data table (Table 11.SM.9). 12 
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• Above average summer warming

• Less mean precipitation

• Increased rainfall seasonality

• Increased aridity

• Rainfall extremes?

IPCC AR6



Hourly vs daily changes



Changes in rainfall intensity: daily
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Changes in rainfall intensity: hourly

Duration (hours)Daily

a b

In
te

ns
ity

 (m
m

)

In
te

ns
ity

 (m
m

)

24h1h

This change 
can be detected
with daily values

This change 
is not detected
with daily values



Experiments



EPICC simulations

WRF Experiments 
Present

• 10 years at 2km

• ERA5 boundary conditions


Future

• 10 years at 2km

• PGW (ERA5 + 27 GCMs)


Both

• Explicit convection

• 10-min output for precip.



Comparison with observations



Observations

• 10 years (2010-2019)

• Daily data:

• 10, 20, 30-min daily maxima

• 1, 2, 3, 6 and 12-h daily max

• Daily total




Comparison of extremes WRF vs OBS
All-day 95th percentile 

1 value per day!

Daily total

Daily 1-h max

Daily 10-min max



Comparison of extremes WRF vs OBS
All-day 99th percentile 

1 value per day!

Daily total

Daily 1-h max

Daily 10-min max



Precipitation changes



Changes in mean rainfall



Changes in extreme rainfall

All events! 
Daily, 10-y

99th ~ 36 events

Daily 99th percentile 



Changes in extreme rainfall

All events! 
10-min, 10-y

99.99th ~ 50 events

10-min 99.99th percentile 



Changes in seasonal extreme rainfall 
Day 99th percentile 

All events! 
Daily, 10-y, season

99th ~ 9 events



Changes in seasonal extreme rainfall 
Hourly 99.9th percentile 

All events! 
Hourly, 10-y, season

99.9th ~ 22 events



Changes in seasonal extreme rainfall 
10-min 99.99th percentile 

All events! 
10-min, 10-y, season

99.99th ~ 13 events



Intensity-duration changes



Changes in intensity-duration
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Changes in intensity-duration
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Changes in intensity-duration
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Conclusions
• Precipitation extremes and changes must be examined at hourly scales 

• We need hourly (and sub-hourly) data to investigate extremes

• In the Med Sea, signs of more intense and shorter extremes with CC:


Despite large-scale circulation (less water supply).

Need to investigate mechanisms (dyn. vs thermodyn.)

Different response at different frequencies



TRAMPAS (PID2020-113036RB-I00 / AEI / 10.13039/501100011033) 

EPICC (PID2019-105253RJ-I00 MCI/AEI/FEDER,UE) 


