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1. Introduction
Compound extreme events are characterized by the combination of two or more events (not 
necessarily extreme) that can increase the impact of the individual ones and can negatively 
impact a wide range of sectors such as health, agriculture, tourism, etc. This work focuses on the 
analysis of hot-dry compound extreme events —characterized by the simultaneous 
occurrence of high daily maximum temperature (Tmax) and low seasonal accumulated 
precipitation (Pr)— and assesses their frequency, duration and severity over the Mediterranean 
IPCC region[1] for the hot-dry season (independently computed for each gridbox). 

Compound event[5]

● Median of the yearly longest spell, defined as 2 or more 
consecutive compound days within the hot-dry season.

● Nº of days within a spell.

Duration:

Tmax > 90th Percentile

2. Data
Both gridded reanalysis (pseudo-observations) and Regional Climate Models (RCMs) are used. RCMs are nested to Global Climate Models (GCMs) in order to provide information about the evolution of the climate system over time, typically for continental-sized 
domains. Here, we rely on CORDEX (COordinated Regional climate Downscaling EXperiment), the initiative that coordinates, under a common experimental framework, most international efforts devoted to regional downscaling. In particular, we use a subset of 
the CORDEX-CORE[2] ensemble (0.22º).
● Observational data: ERA5-Land[3] reanalysis (0.1º) for 1986-2005.

●
● NorESM1-M
● MPI-ESM-LR
● MIROC5/HadGEM2-ES

Hot-dry 
season

Three-month (moving) 
period with the largest 
difference between the 
annual cycle of 
standardized 
anomalies of Tmax 
and Pr 
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5. Conclusions

● Observed compound events: The highest frequency of compound events is concentrated in the southeast part of the Mediterranean 
IPCC region, particularly in the northeast of Africa (Fig.3). Spatially, the most severe category (C5) tends to be the predominant one 
(Fig.5).

● Compound events evaluation: In general, the biases in the frequency of hot-dry compound events are larger for RegCM than for REMO 
(Fig. 6).

● Projected compound events: Both the median duration of the longest compound spell and the mean annual frequency of compound 
events increase along with the global warming levels (Fig.7). Similarly, the frequency of occurrence of compound events for C5 increases 
with higher warming levels, with HadGEM2-ES/NorESM showing the highest/lowest signal (Fig.8).

Fig. 5. Percentage of 
gridboxes falling within each 

severity category across time.

Interannual variability per severity category

Fig. 6. Bias in the mean frequency of hot-dry compound events, obtained as the difference between 
the CORDEX-CORE historical simulations and ERA5-Land.
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4.1. Observations 4.3. Future Projections

4.2. Historical Evaluation

● Two RCMs driven by three GCMs.
● 20-year simulations used for both a historical baseline (1986-2005) and a future scenario, under the RCP 8.5 forcing pathway 

considering four different Global Warming Levels (+1.5, +2, +3 and +4 ºC).
● All simulations were bias-adjusted using the ISIMIP3 method[4], with ERA5-Land serving as reference dataset for correction.

Fig.2. Central month of the hot-dry season considered for analysis.

Central month of the hot-dry season
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Fig.8. Projected number of years exhibiting the most severe category (C5) for the different GWLs (columns) and 
CORDEX-CORE simulations (rows).
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Severity:
● Seasonal maximum Tmax
● Seasonal accumulated Pr 

● Category (1-5), one value per year, 
accounting for the hot-dry season

Frequency:

N ~ 90
Oi = 1 occurrence for day i
Oi = 0 non-occurrence for day i

Pr < 50th Percentile

● Nº of days within the hot-dry season

Pr: seasonal accumulated
Tmax: daily 

● REMO2015
● RegCM4-6

RCMs GCMs
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Number of years exhibiting the C5 severity category

Fig.4. Number of years exhibiting 
the most severe category (C5) of 
compound events for ERA5-Land.
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Fig.3. Mean frequency (left) and standard deviation (right) of observed compound events in the hot-dry season (1986-2005).

Regional Climate Models 
(RCMs):

Observational 
data and RCMs 
interpolated to 

0.25º

3.1. Identification of the hot-dry season

3.2. Compound events and 
assessed metrics

Fig.7. Median duration of the longest spell (upper panel) and frequency (lower panel) of the compound events for 
the observations (in purple). RCMs data are shown for different global warming levels (GWL) and for the three 

driving GCMs (different colours).

Duration and frequency of compound extreme events
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Fig.1. Annual cycle of standardized anomalies of maximum temperature and precipitation for 
Madrid (left) and Bucarest (right).

Number of years exhibiting the C5 severity category
GWL 1.5ºC GWL 2ºC GWL 3ºC GWL 4ºC

N
º o

f y
ea

rs

Bias in the frequency of hot-dry compound events
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