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Principal Investigator: 
……………Annalisa Cherchi………………… 

Project Title: Investigations of climate change in post-CMIP6 EC-Earth3 

simulations over the Mediterranean Climate Regions 

Extended abstract 

All Special Project requests should provide an abstract/project description including a scientific plan, a justification of 

the computer resources requested and the technical characteristics of the code to be used. The completed form should be 

submitted/uploaded at https://www.ecmwf.int/en/research/special-projects/special-project-application/special-project-

request-submission.  

Following submission by the relevant Member State the Special Project requests will be published on the ECMWF website 

and evaluated by ECMWF and its Scientific Advisory Committee. The requests are evaluated based on their scientific 

and technical quality, and the justification of the resources requested. Previous Special Project reports and the use of 

ECMWF software and data infrastructure will also be considered in the evaluation process. 

Requests exceeding 5,000,000 SBU should be more detailed (3-5 pages).  

The Institute for the Atmospheric Sciences and Climate at the National Research Council of Italy 

(CNR-ISAC) is member of the EC-Earth consortium (http://www.ec-earth.org/). The consortium is 

aimed at building a European community Earth System Model (ESM) combining efforts of different 

research institutes from 10 European countries. In the EC-Earth consortium, CNR-ISAC coordinates 

the Land and Vegetation working group and the CMIP and Tuning working group. Moreover, it 

contributes to the Ocean working group and the Prediction working group. CNR-ISAC is a partner 

in several international efforts including EU-funded H2020 and HE projects and  WCRP activities in 

the framework of the sixth phase of the Coupled Model Intercomparison Project (CMIP6, 

https://wcrp-climate.org/wgcm-cmip/wgcm-cmip6), in new emerging initiatives, such as a proposal 

for a GEO (https://earthobservations.org)  pilot initiative aimed at exploiting latest land observations 

to improve and better constrain Earth System predictions, as well as in the novel Lighthouse 

Activities, like Explaining and Predicting Earth System Change (https://www.wcrp-

climate.org/epesc).  

ISAC-CNR is also a partner of the EU Horizon Europe project OptimESM (“Optimal high resolution 

Earth System models for exploring future climate changes”, project ID 101081193). One aim of 

OptimESM is to investigate new scenarios that consider the most recent climate-policy decisions, 

including national pledges on emission reductions, e.g. realizing the Paris Agreements or 

overshooting the 1.5C or 2C global warming targets (Rogelj et al 2016). Extended to 2200, these 

new scenarios can be used to investigate and improve the understanding of processes and mechanisms 

at the base of recent climate change and projections for the coming centuries. 

In this special project we will consider the newly available climate scenarios with the most recent 

climate policies to investigate the climate change response over the Mediterranean climate regions 

(MCRs), which are particularly sensitive and vulnerable to the process of subtropical drying and 

expansion. To this aim we will use the post-CMIP6 version of EC-Earth, hence exploiting the 

advantage of several corrections and developments that have been introduced after 2018, and 

contributing further to model developments of hydrological processes that improve the representation 

of climate feedbacks and the related risk of fast abrupt transitions, particularly relevant for MCRs.  

 

The Mediterranean region as a climate change hot spot and other MCRs 

The Mediterranean region is recognized as a climate change “hot spot” (Giorgi, 2006), both because 

of the unevenly large response of its regional climate to the global forcing and because of the socio-

economic and environmental impacts of these changes in densely populated, vulnerable and 

extremely culturally and ecologically diverse areas. For example, the southern part of the region is 

dominated by agricultural activities and is particularly sensitive to prolonged water shortages and 

related consequences, like droughts or wildfires (Barcikowska et al 2020; IPCC, 2022).  Diverse and 

updated CMIP simulations within the last decades project increases in temperature and reduction in 

precipitation, both in winter and summer, with potential increases in the aridity of the region and 

severe impacts on water and food security (Giorgi and Lionello 2008; Diffenbaugh and Giorgi 2012, 
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Alessandri et al 2014; Mariotti et al 2015; Lionello and Scarascia, 2018; Ukkola et al 2020; Vicente-

Serrano et al 2020; Cos et al 2022). The frequency and intensity of extreme events has been found to 

increase in the Mediterranean region (Michaelides et al. 2018), both in observations and projections, 

with increasing likelihood of extreme heatwaves (Lelieveld et al. 2014). Observed increase in 

droughts is associated to deficit in precipitation but also to enhanced evaporative demand or decreased 

soil moisture, with a projected increase in aridity and fire weather conditions (Guion et al 2022). 

The mean climate characteristics of the Mediterranean region with temperate, wet winter and warm 

(or hot) dry summer is common to other regions of the world, like the west coast of North America, 

central Chile, the far southwest tip of Southern Africa and southwest Australia, which are all 

identified as Mediterranean climate regions (MCRs). They follow from the Koppen-Geiger 

classification of climates, and they share similar location, lie on the western edge of continents in the 

subtropics to mid-latitude thus being overall transition areas between wet and dry climates 

(Alessandri et al 2014; Seager et al 2019). Climate change caused by rising greenhouse gases is 

expected to reduce precipitation in all MCRs other than California (Polade et al 2017), which together 

with surface warming  increases drought risk (Cook et al. 2014). With a probabilistic approach it has 

been possible to quantify the risk of a poleward shift of MCRs, mostly over the Mediterranean region 

and western North America, with the equatorward margins replaced by arid climate type in 21st 

century projections (Alessandri et al 2014). On top of this, the Mediterranean climate regions are 

prone to abrupt changes that may lead to tipping points, e.g. in land cover, vegetation, fires, and 

agriculture (Brovkin et al 2021), whose impact and degree of irreversibility are yet to be understood. 

To improve current understanding, land surface and hydrological processes improvements are needed 

in state-of-the-art ESM (Scanlon et al 2018; Condon et al 2020; IPCC 2021). 

              The post-CMIP6 version of EC-Earth 

The EC-Earth3 model (Döscher et al. 2022) that contributed to CMIP6 has been frozen for production 

in 2018. In this special project, we will use the post-CMIP6 versions of EC-Earth that includes several 

corrections, bug-fixes and improvements that have been developed by the EC-Earth consortium since 

2018. Novel ESM developments are included thanks to the coordinate effort of all partners and in 

previous and ongoing EU projects such as H2020 CRESCENDO, PRIMAVERA and CONFESS. The 

developments leading to post-CMIP6 versions (v3.3.x) of EC-Earth include improved process 

representation (improved treatment of aerosols and aerosol-cloud interactions, land hydrology, 

vegetation, permafrost) as well as the inclusion of novel components (such as dynamical ice sheets) 

that are relevant for the representation of climate feedbacks and the related risk of triggering fast and 

abrupt climate transitions. EC-Earth3 model components are routinely upgraded in order to benefit 

from improved numerical schemes or revised encoding leading to better HPC performances. The 

developments and improvements for the post-CMIP6 version of EC-Earth are evolving in time 

(version 3.4.0 is expected to be available in next months) and will be still on-going during this special 

project. 

 

Planned experiments and analysis 

For processes-based verification of EC-Earth over the MCRs we will run some offline (land-only and 

land-atmosphere) simulations not only to test the updates available at the time of this project but also 

to further contribute to the post-CMIP6 developments. A first set of offline simulations will consist 

of experiments where land surface and vegetation models (HTESSEL-LPJGuess) are forced by 

updated atmospheric reanalysis products (such as ERA5, Hersbach et al 2020) and verified versus the 

latest land surface and hydrological observational data (such as leaf area index, Verger et al 2014; 

vegetation fractional cover, Baret et al 2013; river discharge and other surface fluxes, Pastorello et al 

2020, Jung et al 2019). These offline land simulations (OFF-land) are aimed at testing improved 

hydrological processes (related to groundwater, rivers, etc) and to investigate their effects in the 

representation of dry transitions, as expected for the Mediterranean climate regions. It is envisaged 

that around 500 years of simulation will cover the benchmarking of the planned HTESSEL-LPJGuess 

developments. 

Following on from the analysis and improvements gained with the OFF-land simulations we will 

perform a small set of AMIP-type experiments (AMIP) to verify the effects of the updates in terms 

of land-atmosphere coupling and related consequences in the representation of the mean climate and 

https://journals.ametsoc.org/view/journals/clim/32/10/jcli-d-18-0472.1.xml#bib9
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its variability over the MCRs. This analysis is designed to be propaedeutic to the evaluation of climate 

change signals in the fully coupled ESM setup. This set of experiments will be performed with 

IFS+HTESSEL+LPJG with the updates confirmed by the OFF-land simulations and forced with 

observed SST taken from PCMDI (Durack and Taylor, 2017), consistently with the CMIP6 protocol. 

We plan to perform about 108 years of AMIP-type experiments, corresponding to 3 members for the 

1979-2014 reference period (as considered also in CMIP6). 

Then the set of core experiments with the full ESM will consist of an historical simulation covering 

the period 1850-2014 with CMIP6 forcing (here identified as HIST), and two scenarios based on new 

sets of emissions following the latest climate policies, in phase with the release in the HE project 

OptimESM. One scenario, identified here as PA-REACH, reflects emissions that realize the Paris 

Agreement (i.e. that keep global warming below 1.5C or 2C relative to pre-industrial level), while 

the other, identified here as PA-FAIL, assumes delayed mitigation actions that overshoot the Paris 

target before returning to it at some later time (UNFCCC, 2015; IPCC, 2018; 2021). The scenario 

simulations will cover the 2015-2200 time period. Extended to the end of 2200, these new scenarios 

can help to improve the understanding of processes and mechanisms at the base of recent climate 

change and in the projections for the coming centuries. Because of the length obtained and the 

economic evolution included, they can be of help to improve current understanding about the risk of 

triggering abrupt changes on a global scale. These new scenarios performed with the latest 

improvements in EC-Earth (post-CMIP6) permits to identify the potential benefit or implications 

deriving from the implementation of the Paris Agreement, or delaying its achievement. Moreover, 

they can be compared with the SSP scenarios already produced within CMIP6 to explore the changes 

projected over MCRs and the related sensitivity to the different scenarios considered. 

The analysis of the core set of experiments performed with EC-Earth ESM will be focused on the 

identification of differences in the climate response over the Mediterranean climate regions across 

different scenarios. We will investigate the attribution of changes in the occurrence of extreme events 

and shifts in MCRs to different global warming levels. In this respect, the effect of realizing the Paris 

Agreement vs. overshooting the global warming level targets will be assessed. Diverse drought 

indices will be evaluated and depending on how sensitive they are to rates of change in the land 

composition and the impact of different feedbacks, the assessment of their autocorrelation will allow 

to investigate the emergence of abrupt transitions in the scenarios considered (mostly, PA-REACH 

and PA-FAIL). In a meteorological framework, weather regimes and changes in their occurrence 

under different scenarios will be investigated. Dominant circulation patterns related to extreme events 

in MCRs will be identified, evaluating changes in their occurrence comparing the different scenarios 

considered.  

A summary of the planned experiments, with details about the resources needed and how they are 

distributed within the duration of the special project are summarized in Table 1. 

Configuration and justification of resources 

For the OFF-land set we will use the offline version of HTESSEL-LPJGuess with an interface to 

prescribe meteorological fields from observations/reanalysis obtained from the latest OpenIFS release 

(https://www.ecmwf.int/en/research/projects/openifs). No parallelization of the code has been 

included so far in offline mode, therefore requiring 500 SBU per simulated year on Atos. For the 

AMIP set we will use IFS+HTESSEL+LPJG at T255 resolution with 91 vertical levels in the 

atmosphere. Using 256 cores (2 nodes), the estimated required resources on Atos are about 16000 

SBU per simulated year. For the core set of coupled simulations, we will use EC-Earth3 in its full 

ESM configuration (with a closed carbon cycle) in a post-CMIP6 version, with updated components 

compared to the version previously used within CMIP6. The default resolution is T255 with 91 

vertical levels in the atmosphere, and ORCA1 with 75 vertical levels in the ocean. Based on the 

evaluation performed in the framework of the EC-Earth consortium, the optimal configuration on 

Atos is obtained considering the following components and related dedicated CPUs: IFS (300), 

NEMO (with PISCES activated; 198), XIOS (2), LPJG (8), TM5_X(2), TM5_Y(2) by using 4 nodes 

(512 total cores). With this configuration, we estimate that the model requires on Atos about 29000 

SBUs per simulated year. About 50 years of simulation with the full ESM are added to account for 

the need to test the updates and improvements as derived from the offline simulations. Overall, the 

https://www.ecmwf.int/en/research/projects/openifs
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total resources estimated for the project is rounded to 20 million SBUs (Table 1), which includes a 

buffer of 5% to account for failing jobs or additional short tests needed. 

In terms of storage, the requirement is about 100 GB per year of coupled simulations, considering 

raw data and monthly means for the different model components and higher-frequency (i.e. 6-hours 

or 1-hour) atmospheric variables. The “cmorization” procedure via the ece2cmor3 tool will be used 

to reduce the raw output volume in case of exceeding storage output. For the offline simulations the 

requirements are of about 10 GB per year for OFF-land and of about 30 GB per year for AMIP. 

Therefore, the total storage required for the project is 67 TB.  

 

Experiment 
name  

Description  SBU/ 

year 

Total 

years  

Total SBU Year 1  Year 2  Year 3  

AMIP-type 

Atmospheric 

model with 

prescribed 

SST 

16000 108 1728000 1728000 0 0 

Land-offline 

Offline land 

surface 

model & 

vegetation 

model 

500 500 250000 250000 0 0 

Hist  

Historical 

simulation 

(1850-

2014)  

29000 165 4785000 0 4785000  0 

PA-reach 

Future 

scenario 

with PA 

reached 

(2015-2200) 

29000 186 5394000 0 0 5394000 

PA-fail-OS 

Future 

scenario 

with OS 

failed 

(2015-2200) 

29000 186 5394000 0 0 5394000 

 
Testing 

(ESM 

simulations) 

 50 1450000 1450000   

  5% buffer    999000 572000 215000 212000 

  Total    20000000 4000000 5000000 11000000 

Table 1: Experiment planned in this project, total years of simulation and details of the resources needed. 

 

 

References 

Alessandri A, De Felice M, Zeng N, et al (2014) Robust assessment of the expansion and retreat of 

Mediterranean climate in the 21st century. Sci Rep 4 7211 https://doi.org/10.1038/srep07211 

Barcikowska MJ, Kapnick SB, Krishnamurty L, Russo S, Cherchi A, Folland CK (2020) Changes in 

the future summer Mediterranean climate: contribution of teleconnections and local factors. Earth 

Syst Dyn 11 161-181 https://doi.org/10.5194/esd-11-161-2020Baret F, Weiss M, Lacaze R, Camacho 

F, Makhmara H, Pacholczyk P, Smets B (2013) GEOV1: LAI, FAPAR essential climate variables 

and Fcover global timeseries capitalizing over existing products Part I: Principles of development and 

production. Rem Sens Env 137 299-309 

https://doi.org/10.1038/srep07211


 

May 2022     Page 6 of 7 This form is available at:  

http://www.ecmwf.int/en/computing/access-computing-facilities/forms 

Brovkin V, Brook E, Williams JW, et al (2021) Past abrupt changes, tipping points and cascading 

impacts in the Earth system. Nat Geosci 14 550-558 https://doi.org/10.1038/s41561-021-00790-5 

Condon LE, Atchley AL, Maxwell RM (2020) Evapotranspiration depletes groundwater under 

warming over the contiguous United States. Nat Comm 11 https://doi.org/10.1038/s41467-020-

14688-0 

Cook BI, Smerdon JE, Seager R, Coats S (2014) Global warming and 21st century drying. Clim Dyn 

43 2607-2627 https://doi.org/10.1007/s00382-014-2075-y 

Cos J, Doblas-Reyes F, Jury M, Marcos R et al (2022) The Mediterranean climate change hotspot in 

the CMIP5 and CMIP6 projections. Earth Sys Dyn 13 321-340 https://doi.org/10/5194/esd-13-321-

2022 

Diffenbaugh NS, Giorgi F (2012) Climate change hotspots in the CMIP5 global climate model 

ensemble. Clim Ch 114 813-822 https://doi.org/10.1007/s10584-012-0570-x 

Döscher, R., Acosta, M., Alessandri, A., Anthoni, P., Arneth, A., and co-authors., 2022: The EC-

Earth3 Earth System Model for the Climate Model Intercomparison Project 6, Geosci. Model Dev., 

15, 2973–3020, https://doi.org/10.5194/gmd-15-2973-2022. 

Durack P, Taylor KE (2017) PCMDI AMIP SST and sea-ice boundary conditions version 1.1.2 Earth 

System Grid Federation https://doi.org/10.22033/ESGF/input4MIPs.1161 

Giorgi F (2006) Climate change hot-spots. Geophys Res Lett 33 L08707 

https://doi.org/10.1029/2006gl025734 

Giorgi F, Lionello P (2008) Climate change projections for the Mediterranean region. Glob Planet 

Ch 63 90-104 

Guion A, Turquety S, Polcher J, Pennel R, Bastin S, Arsouze T (2022) Droughts and heatwaves in 

the Western Mediterranean: impact of vegetation and wildfires using the coupled WRF-ORCHIDEE 

regional model (RegIPSL). Clim Dyn 58 2881-2903 https://doi.org/10.1007/s00382-021-05938-y 

Hersbach H, Bell B et al (2020) The ERA5 global reanalysis. Quart J Roy Meteor Soc 146(730) 1999-

2049 https://doi.org/10.1002/qj.3803 

IPCC (2018). Summary for Policymakers. In: Global Warming of 1.5°C. An IPCC Special Report 

on the impacts of global warming of 1.5°C above pre-industrial levels and related global 

greenhouse gas emission pathways, in the context of strengthening the global response to the threat 

of climate change, sustainable development, and efforts to eradicate poverty [Masson-Delmotte, V. 

et al. (eds.)] 

IPCC (2021) Climate Change 2021: The Physical Science Basis. Contribution of Working Group I 

to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change 

[MassonDelmotte, V. et al. (eds.)] 

IPCC (2022) Climate Change 2022: Impacts, adaptation and vulnerability. Working Group II 

contribution to the IPCC Sixth Assessment Report 

Jung M, Koirala S, Weber U, Ichii K et al (2019) The FLUXCOM ensemble of global land-

atmosphere energy fluxes. Sci Data 6 https://doi.org/10.1038/s41597-019-0076-8 

Lelieveld, J., Hadjinicolaou, P., Kostopoulou, E., Giannakopoulos, C., Pozzer, A.,Tanarhte, M., 

Tyrlis, E., 2014. Model projected heat extremes and air pollution in the eastern Mediterranean and 

Middle East in the twenty-first century. Reg. Environ. Chang. 14 (5), 1937–1949. 

Lionello P, Scarascia L (2018) The relation between climate change in the Mediterranean region and 

global warming. Reg Env Ch 18 1481-1493 https://doi.org/10.1007/s10113-018-1290-1 

Mariotti A, Pan Y, Zeng N, Alessandri A (2015) Long-term climate change in the Mediterranean 

region and implications for the water budget of the Mediterranean Sea. J Clim 15 1674-1690 

Michaelides S, Karacostas T et al (2018) Reviews and perspectives of high impact atmospheric 

processes in the Mediterranean. Atm Res 208 4-44 https://doi.org/10.1016/j.atmosres.2017.11.022 

Pastorello G, Trotta C, Canfora E, et al (2020) The FLUXNET2015 dataset and the ONEFlux 

processing pipeline for eddy covariance data. Sci Data 7 225 https://doi.org/10.1038/s41597-020-

0534-3 

Polade SD, Gershunov a, Cayan DR, Dettinger MD, Pierce DW (2017) Precipitation in a warming 

world: assessing projected hydro-climate changes in California and other Mediterranean climate 

regions. Sci Rep 7 10783 https://doi.org/10.1038/s41598-017-11285-y 

https://doi.org/10.1038/s41467-020-14688-0
https://doi.org/10.1038/s41467-020-14688-0
https://doi.org/10.1007/s00382-014-2075-y
https://doi.org/10.5194/gmd-15-2973-2022
https://doi.org/10.1029/2006gl025734
https://doi.org/10.1007/s00382-021-05938-y
https://doi.org/10.1038/s41597-020-0534-3
https://doi.org/10.1038/s41597-020-0534-3
https://doi.org/10.1038/s41598-017-11285-y


 

May 2022     Page 7 of 7 This form is available at:  

http://www.ecmwf.int/en/computing/access-computing-facilities/forms 

Rogelj J, Schaeffer M, Friedlingstein P, Gillett NP, van Vuuren DP, Riahi K, Allen M, Knutti R 

(2016) Differences between carbon budget estimates unravelled. Nat Clim Ch 6 245-252 

https://doi.org/10.1038/nclimate2868 

Scanlon BR et al (2018) Global models underestimate large decadal declining and rising water storage 

trends relative to GRACE satellite data PNAS https://doi.org/10.1073/pnas.1704665115 

Seager R, Osborn TJ, Kushnir Y, et al (2019) Climate variability and change of Mediterranean-type 

climates. J Clim 2887-2915 https://doi.org/10.1175/JCLI-D-18-0472.1 

Ukkola AM, De Kauwe MG, Roderick ML, Abramowitz G, Pitman AJ (2020) Robust future changes 

in meteorological drought in CMIP6 projections despite uncertainty in precipitation. Geophys Res 

Lett 47(11) https://doi.org/10.1029/2020GL087820 

UNFCCC (2015) Adoption of the Paris Agreement 

https://unfccc.int/resource/docs/2015/cop21/eng/l09r01.pdf 

Verger A, Baret F, Weiss M (2014) Near real-time vegetation monitoring at global scale. IEEE 

Journal of Selected Topics in Applied Earth Observations and Remote Sensing 7 3473-3481 

https://doi.org/10.1109/JSTARS.2014.2328632 

Vicente-Serrano SM, McVicar TR, Miralles DG, Yang Y, Tomas-Burguera M (2020) Unraveling 

the influence of atmospheric evaporative demand on drought and its response to climate change. 

WIREs 11(2) e632 https://doi.org/10.1002/wcc.632 

 

 

 

https://doi.org/10.1038/nclimate2868
https://doi.org/10.1073/pnas.1704665115
https://doi.org/10.1175/JCLI-D-18-0472.1
https://unfccc.int/resource/docs/2015/cop21/eng/l09r01.pdf
https://doi.org/10.1109/JSTARS.2014.2328632

	REQUEST FOR A SPECIAL PROJECT 2023–2025
	Extended abstract
	All Special Project requests should provide an abstract/project description including a scientific plan, a justification of the computer resources requested and the technical characteristics of the code to be used. The completed form should be submitt...
	Following submission by the relevant Member State the Special Project requests will be published on the ECMWF website and evaluated by ECMWF and its Scientific Advisory Committee. The requests are evaluated based on their scientific and technical qual...
	Requests exceeding 5,000,000 SBU should be more detailed (3-5 pages).
	The post-CMIP6 version of EC-Earth
	Planned experiments and analysis
	For processes-based verification of EC-Earth over the MCRs we will run some offline (land-only and land-atmosphere) simulations not only to test the updates available at the time of this project but also to further contribute to the post-CMIP6 develop...
	Following on from the analysis and improvements gained with the OFF-land simulations we will perform a small set of AMIP-type experiments (AMIP) to verify the effects of the updates in terms of land-atmosphere coupling and related consequences in the ...
	Then the set of core experiments with the full ESM will consist of an historical simulation covering the period 1850-2014 with CMIP6 forcing (here identified as HIST), and two scenarios based on new sets of emissions following the latest climate polic...
	The analysis of the core set of experiments performed with EC-Earth ESM will be focused on the identification of differences in the climate response over the Mediterranean climate regions across different scenarios. We will investigate the attribution...
	A summary of the planned experiments, with details about the resources needed and how they are distributed within the duration of the special project are summarized in Table 1.
	Configuration and justification of resources
	Alessandri A, De Felice M, Zeng N, et al (2014) Robust assessment of the expansion and retreat of Mediterranean climate in the 21st century. Sci Rep 4 7211 https://doi.org/10.1038/srep07211
	Barcikowska MJ, Kapnick SB, Krishnamurty L, Russo S, Cherchi A, Folland CK (2020) Changes in the future summer Mediterranean climate: contribution of teleconnections and local factors. Earth Syst Dyn 11 161-181 https://doi.org/10.5194/esd-11-161-2020B...
	Brovkin V, Brook E, Williams JW, et al (2021) Past abrupt changes, tipping points and cascading impacts in the Earth system. Nat Geosci 14 550-558 https://doi.org/10.1038/s41561-021-00790-5
	Condon LE, Atchley AL, Maxwell RM (2020) Evapotranspiration depletes groundwater under warming over the contiguous United States. Nat Comm 11 https://doi.org/10.1038/s41467-020-14688-0
	Cook BI, Smerdon JE, Seager R, Coats S (2014) Global warming and 21st century drying. Clim Dyn 43 2607-2627 https://doi.org/10.1007/s00382-014-2075-y
	Cos J, Doblas-Reyes F, Jury M, Marcos R et al (2022) The Mediterranean climate change hotspot in the CMIP5 and CMIP6 projections. Earth Sys Dyn 13 321-340 https://doi.org/10/5194/esd-13-321-2022
	Diffenbaugh NS, Giorgi F (2012) Climate change hotspots in the CMIP5 global climate model ensemble. Clim Ch 114 813-822 https://doi.org/10.1007/s10584-012-0570-x
	Döscher, R., Acosta, M., Alessandri, A., Anthoni, P., Arneth, A., and co-authors., 2022: The EC-Earth3 Earth System Model for the Climate Model Intercomparison Project 6, Geosci. Model Dev., 15, 2973–3020, https://doi.org/10.5194/gmd-15-2973-2022.
	Durack P, Taylor KE (2017) PCMDI AMIP SST and sea-ice boundary conditions version 1.1.2 Earth System Grid Federation https://doi.org/10.22033/ESGF/input4MIPs.1161
	Giorgi F (2006) Climate change hot-spots. Geophys Res Lett 33 L08707 https://doi.org/10.1029/2006gl025734
	Giorgi F, Lionello P (2008) Climate change projections for the Mediterranean region. Glob Planet Ch 63 90-104
	Guion A, Turquety S, Polcher J, Pennel R, Bastin S, Arsouze T (2022) Droughts and heatwaves in the Western Mediterranean: impact of vegetation and wildfires using the coupled WRF-ORCHIDEE regional model (RegIPSL). Clim Dyn 58 2881-2903 https://doi.org...
	Hersbach H, Bell B et al (2020) The ERA5 global reanalysis. Quart J Roy Meteor Soc 146(730) 1999-2049 https://doi.org/10.1002/qj.3803
	Lelieveld, J., Hadjinicolaou, P., Kostopoulou, E., Giannakopoulos, C., Pozzer, A.,Tanarhte, M., Tyrlis, E., 2014. Model projected heat extremes and air pollution in the eastern Mediterranean and Middle East in the twenty-first century. Reg. Environ. C...
	Lionello P, Scarascia L (2018) The relation between climate change in the Mediterranean region and global warming. Reg Env Ch 18 1481-1493 https://doi.org/10.1007/s10113-018-1290-1
	Mariotti A, Pan Y, Zeng N, Alessandri A (2015) Long-term climate change in the Mediterranean region and implications for the water budget of the Mediterranean Sea. J Clim 15 1674-1690
	Michaelides S, Karacostas T et al (2018) Reviews and perspectives of high impact atmospheric processes in the Mediterranean. Atm Res 208 4-44 https://doi.org/10.1016/j.atmosres.2017.11.022
	Pastorello G, Trotta C, Canfora E, et al (2020) The FLUXNET2015 dataset and the ONEFlux processing pipeline for eddy covariance data. Sci Data 7 225 https://doi.org/10.1038/s41597-020-0534-3
	Polade SD, Gershunov a, Cayan DR, Dettinger MD, Pierce DW (2017) Precipitation in a warming world: assessing projected hydro-climate changes in California and other Mediterranean climate regions. Sci Rep 7 10783 https://doi.org/10.1038/s41598-017-11285-y
	Rogelj J, Schaeffer M, Friedlingstein P, Gillett NP, van Vuuren DP, Riahi K, Allen M, Knutti R (2016) Differences between carbon budget estimates unravelled. Nat Clim Ch 6 245-252 https://doi.org/10.1038/nclimate2868
	Scanlon BR et al (2018) Global models underestimate large decadal declining and rising water storage trends relative to GRACE satellite data PNAS https://doi.org/10.1073/pnas.1704665115
	Seager R, Osborn TJ, Kushnir Y, et al (2019) Climate variability and change of Mediterranean-type climates. J Clim 2887-2915 https://doi.org/10.1175/JCLI-D-18-0472.1
	Ukkola AM, De Kauwe MG, Roderick ML, Abramowitz G, Pitman AJ (2020) Robust future changes in meteorological drought in CMIP6 projections despite uncertainty in precipitation. Geophys Res Lett 47(11) https://doi.org/10.1029/2020GL087820

