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Computer resources required for project year: 2025 2026 2027 

High Performance Computing Facility [SBU] 1200000 1200000 1200000 

Accumulated data storage (total archive volume)2 [GB] 10000 10000 10000 

 

EWC resources required for project year: 2025 2026 2027 

Number of vCPUs [#]    

 
1 The Principal Investigator will act as contact person for this Special Project and, in particular, will be asked to register 

the project, provide annual progress reports of the project’s activities, etc. 
2 These figures refer to data archived in ECFS and MARS. If e.g. you archive x GB in year one and y GB in year two and 
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Principal Investigator: FRANCISCO VALERO 
 

Project Title: SEVERE CONVECTIVE WEATHER PHENOMENA AND CLIMATE 
CHANGE  

 

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 10,000,000 SBU should be more detailed (3-5 pages).  

 

Thunderstorms and their associated phenomena (lightning, hail, wind or flash floods) have a great 

impact on human activities due to their destructive consequences (Martín et al., 2020; Taszarek  et al., 

2020). Europe is regularly threatened by severe thunderstorms (Dahl, 2006), causing considerable 

economic loss, having a social impact, and endangering aviation safety (Nisi et al., 2016; Mohr et al., 

2017; Antonescu et al., 2017; Kunz et al., 2020). 

Thunderstorm cells can be formed either in a discrete and isolated form or in large and organized 

systems, (e.g., squall lines). Three different thunderstorm types are defined by the US National 

Weather Service (NWS, 2019) based on their structure, organization and size: ordinary cell, multicell 

and supercell. Browning (1962) defines supercells as thunderstorms occurring in a significantly 

vertically sheared environment, which contains a deep and persistent mesocyclone, representing the 

most organized, severe and long-lasting form of isolated deep convection phenomena. These systems 

are linked to hail reports – including hail diameters larger than 5 cm – and EF2 tornadoes or higher 

(Quirantes et al., 2014; Blair et al., 2017). Supercells are common phenomena in spring and summer 

(Brooks et al., 2019), and can be detected through Doppler radar data to confirm the associated 

mesocyclone (Blair et al., 2011; Kahraman et al., 2017). Moreover, ground-based or satellite lightning 

detection systems can be useful as supporting information (Bedka et al., 2018; Galanaki et al., 2018).  

Many hail cases with diameter larger than 5 cm are related to supercell thunderstorms (Blair et al., 

2017; Kumjian & Lombardo, 2020). Supercells and hailstorms pose a recurrent threat over Europe 

(Dahl, 2006) resulting in substantial economic losses, societal impacts, and hazards to aviation safety 

(Antonescu et al., 2017; Kunz et al., 2020; Nisi et al., 2016; Púčik et al., 2019). There is growing 

evidence that the ongoing climate change is having a relevant impact on the frequency and intensity 

of severe convective events involving hail (Ashley et al., 2023; Battaglioli et al., 2023).  

Climate change alters atmospheric circulation patterns (Herrera‐Lormendez et al., 2023) and 

increases sea surface temperatures (SST), notably in the Mediterranean Sea (Pastor et al., 2020; Pastor 

& Khodayar, 2023), contributing to significant high‐impact weather events (Ludwig et al., 2013; 

Meredith et al., 2015; González‐Alemán et al., 2023). The increase in SST influences intensity and 

frequency of marine heatwaves (MHW). MHW, defined as a prolonged period of anomalously high 

SSTs, typically lasting five or more days (Hobday et al., 2016), leads to increases in low‐level 

moisture. This can consequently contribute to greater potential instability that offsets expected 
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reductions in deep‐bulk wind shear on observed rawinsonde profiles (Taszarek, et al., 2021) expected 

in future climate scenarios (Lepore et al., 2021)—an important ingredient determining organization 

and severity of convective storms (Brooks et al., 2003; Del Genio et al., 2007; Muramatsu et al., 2016; 

Peters et al., 2019). In the western Mediterranean, MHWs significantly impact air temperature and 

summer precipitation (Serrano‐Notivoli et al., 2023). Thus, the SST influence on localized convective 

hazards like tornadoes, giant hail, or severe wind gusts are gaining attention (Ashley et al., 2023; 

González‐Alemán et al., 2023; Miglietta et al., 2017). 

To properly characterize these and other severe convective phenomena with numerical simulations, 

it is typically required very high-resolution simulations, both temporally and spatially. Thanks to a 

previous special project (SPESVALE), this research team is working on simulating several mountain 

waves events in the Guadarrama range area and supercells in the Iberian Peninsula, with two well-

known numerical weather prediction models, namely WRF-ARW and HARMONIE-AROME. These 

two models present different features, and therefore it is interesting to analyse how the severe 

convective phenomena are represented, considering their differences. With the current proposal, we 

aim to continue analysing this kind of events in the aforementioned zone. In addition to this, we would 

like to extend the study to focus on the influence of climate change on such events. For this purpose, 

we have used the pseudo‐global warming approach (PGWA; Schär et al., 1996) .  

The HARMONIE-AROME Reference system is maintained on the ECMWF HPC platform. This 

Reference System includes code, scripts and some other useful tools which may be required to run 

and postprocess the deterministic model. The previous Special Project (SPESVALE) aimed to obtain 

very high-resolution simulations of different variables: wind speed, temperature, liquid water content 

and other derived relevant variables, so that the mountain waves can be properly characterized.  On 

the other hand, for SPESVALE Special Project the WRF-ARW model was also implemented. 

The Spanish Supercell Data set (Martín et al., 2021) and the European Severe Weather Database 

(ESWD; Dotzek et al., 2009) observations are here used to analyze a climatological background and 

uniqueness of the Gerona giant hail event. The Spanish Supercell Data set (Calvo‐Sancho et al., 2022; 

Martín et al., 2021) encompasses the period from 2011 to 2022 with a total of 286 documented 

supercell observations. The data set includes Supporting Information S1 to the events whenever 

available, such as hail diameter or tornado intensity. For the purposes of this study, only hail with a 

diameter larger than 5 cm is considered. In total, 57 large hail reports from the Spanish Supercell 

Data set are evaluated. The ESWD is Europe's main severe weather reports data set (Dotzek et al., 

2009). This data set uses quality control (QC) classes to assess the accuracy and reliability of reports. 

For this study, only hail reports with a highly reliable status of QC1 (report confirmed by a reliable 

source) and QC2 (scientific case study) were included in the analysis. Only hailstones larger than 5 

cm are considered for the period from 1940 to 2022 across continental Spain and the Balearic Islands. 

In total, 99 large hail reports from ESWD are included in this work. 

Calvo-Sancho et al. (2022) characterized and compared the environments of supercell hail and 

supercell non-hail events in Spain from 2011 to 2020 (Figure 1). Different atmospheric variables were 

retrieved from the ERA5 reanalysis to obtain the synoptic patterns and composite soundings at the 

formation time of the supercells. Thermodynamic and kinematic parameters related to convective 

environments were also calculated and compared between supercell hail and non-hail events. A 

similar approach will be done in the upcoming studies we aim to perform. 

Moreover, Martín et al. (2024) analysed a severe hailstorm that occurred in Spain on 30 August 2022, 

caused material and human damage, including one fatality due to giant hailstones up to 12 cm in 

diameter (Figure 2). By applying a pseudo‐global warming approach, they evaluated how a 
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simultaneous marine heatwave (and anthropogenic climate change) affected a unique environment 

conductive to such giant hailstones. The main results showed that the supercell development was 

influenced by an unprecedented amount of convective available energy, with significant contributions 

from thermodynamic factors. Numerical simulations where the marine heatwave was not present 

showed a notable reduction in the hail‐favourable environments, related mainly to modifications in 

thermodynamic environment. Moreover, the simulations indicated that the environment in a 

preindustrial‐like climate would be less favourable for convective hazards and thus the hailstorm 

event would likely not have been as severe as the observed one, being possible to perform a novel 

attribution of such kind.  

 

 

Figure 1: (a) Location of the dataset events (SP-HAIL and SP-NONHAIL events) from 2011 to 2020 in 

Spain. (b) Monthly supercell distribution. (c) Hourly supercell distribution (UTC).  

 

The Pseudo‐Global Warming Approach (PGWA) added a climate perturbation signal to the reference 

conditions for the period of interest (Schär et al., 1996; Brogli et al., 2023). The PGWA was applied 

to analyse the anthropogenic climate change (ACC) signal contribution to the giant hail development 

associated with the supercell, considering the pre-industrial period and SSP5‐8.5 simulations from 

the CMIP6 climate models. To apply the PGWA, several prognostic variables from ERA5 initial and 

boundary conditions were modified.  

A similar approach will be implemented in the next phase of our research, where we will apply the 

PGWA strategy to a wider range of severe convective weather phenomena that have had significant 

impacts on populations. This next phase will focus on events such as tornadoes, hailstorms, and 

intense thunderstorm outbreaks, which pose substantial risks to human life, property, and 
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infrastructure. By utilizing the PGWA strategy, we will modify historical weather event data to reflect 

future climate conditions, enabling us to simulate and analysed how these severe weather phenomena 

may change as the climate continues to warm. This approach will help us to identify potential trends 

and patterns in the frequency, intensity, and spatial distribution of these extreme events under 

different climate scenarios.  

 

 

Figure 2. (a) Photography of a hailstone collected on 30 August 2022, in Forallac (Girona province). Source: 

x.com/Morgana_50. (b) Western Mediterranean SST 3‐week percentile rank of 30 August 2022, for the period 

1940–2021 derived from ERA5 reanalysis. The white cross indicates the location of the giant hail event, and 
the yellow square indicates the area where the SST anomaly is calculated. (c) Time series of SST anomalies 

averaged over the yellow square area and period in (b). (d) Skew‐t profile and hodograph for a Forallac's 

proximity profile derived from ERA5 reanalysis for 30 August 2022, 16:00 UTC, 42°00’N, 003°00’E. 

  



 

May 2023     Page 7 of 9 This form is available at:  
http://www.ecmwf.int/en/computing/access-computing-facilities/forms 

References 

Antonescu, B., Schultz, D. M., Holzer, A., and Groenemeijer, P.: Tornadoes in Europe: An underestimated 

threat, B. Am. Meteorol. Soc., 98, 713–728, 2017. 

Ashley, W. S., Haberlie, A. M., & Gensini, V. A. (2023). The future of supercells in the United States. Bulletin 

of the American Meteorological Society, 104(1), E1–E21. https://doi.org/10.1175/bams‐d‐22‐0027.1 

Battaglioli, F., Groenemeijer, P., Púčik, T., Taszarek, M., Ulbrich, U., & Rust, H. (2023). Modelled 

multidecadal trends of lightning and (very) large hail in Europe and North America (1950–2021). 

Journal of Applied Meteorology and Climatology, 62(11), 1627–1653. https://doi.org/10.1175/jamc‐d-

22‐0195.1 

Bedka, K., Murillo, E. M., Homeyer, C. R., Scarino, B., and Mersiovsky, H.: The above-anvil cirrus plume: 
An important severe weather indicator in visible and infrared satellite imagery, Weather Forecast., 33, 

1159–1181, 2018. 

Blair, S. F., Deroche, D. R., Boustead, J. M., Leighton, J. W., Barjenbruch, B. L., and Gargan, W. P.: A radar-

based assessment of the detectability of giant hail, E-Journal of Severe Storms Meteorology, 6, 1–30, 

2011. 

Blair, S. F., Laflin, J. M., Cavanaugh, D. E., Sanders, K. J., Currens, S. R., Pullin, J. I., Cooper, D. T., and 

Mallinson, H. M.: High-resolution hail observations: Implications for NWS warning operations, 

Weather Forecast., 32, 1101–1119, 2017. 

Brogli, R., Heim, C., Mensch, J., Sørland, S. L., & Schär, C. (2023). The pseudo‐global‐warming (PGW) 

approach: Methodology, software package PGW4ERA5 v1. 1, validation, and sensitivity analyses 

[Software]. Geoscientific Model Development, 16(3), 907–926. https://doi.org/10.5194/gmd‐16‐907‐
2023 

Brooks, H. E., Doswell III, C. A., Zhang, X., Chernokulsky, A. A., Tochimoto, E., Hanstrum, B., Nascimento, 

E., Sills, D. M. L., Antonescu, B., and Barrett, B.: A century of progress in severe convective storm 

research and forecasting, Meteor. Mon., 59, 18.1–18.41, 2019. 

Brooks, H. E., Lee, J. W., & Craven, J. P. (2003). The spatial distribution of severe thunderstorm and tornado 
environments from global reanalysis data. Atmospheric Research, 67, 73–94. 

https://doi.org/10.1016/s0169‐8095(03)00045‐0 

Browning, K. A.: Cellular structure of convective storm, Meteorol. Mag., 91, 341–350, 1962. 

Calvo‐Sancho, C., Díaz‐Fernández, J., Martín, Y., Bolgiani, P., Sastre, M., González‐Alemán, J. J., et al. 

(2022). Supercell convective environments in Spain based on ERA5: Hail and non‐hail differences. 
Weather and Climate Dynamics, 3(3), 1021–1036. https://doi.org/10.5194/wcd‐3‐1021‐2022 

Dahl, J. M. L.: Supercells – Their dynamics and prediction, MSc thesis, Dept. of Theoretical Meteorology, 

Free University of Berlin, 121 pp., http://www.estofex.org/files/dahl_thesis.pdf (last access: 28 June 

2023), 2006. 

Del Genio, A. D., Yao, M. S., & Jonas, J. (2007). Will moist convection be stronger in a warmer climate. 

Geophysical Research Letters, 34(16). https://doi.org/10.1029/2007gl030525 

Dotzek, N., Groenemeijer, P., Feuerstein, B., & Holzer, A. M. (2009). Overview of ESSL's severe convective 

storms research using the European Severe Weather Database ESWD. Atmospheric Research, 93(1–3), 

575–586. https://doi.org/10.1016/j.atmosres.2008.10.020 

Galanaki, E., Lagouvardos, K., Kotroni, V., Flaounas, E., and Argiriou, A.: Thunderstorm climatology in the 

Mediterranean using cloud-to-ground lightning observations, Atmos. Res., 207, 136–144, 2018. 

https://doi.org/10.1175/bams‐d‐22‐0027.1
https://doi.org/10.1029/2007gl030525


 

May 2023     Page 8 of 9 This form is available at:  
http://www.ecmwf.int/en/computing/access-computing-facilities/forms 

González‐Alemán, J. J., Insua‐Costa, D., Bazile, E., González‐Herrero, S., Marcello Miglietta, M., 

Groenemeijer, P., & Donat, M. G. (2023). Anthropogenic warming had a crucial role in triggering the 

historic and destructive Mediterranean derecho in summer 2022. Bulletin of the American 

Meteorological Society, 104(8), E1526–E1532. https://doi.org/10.1175/bams‐d‐23‐0119.1 

Herrera‐Lormendez, P., John, A., Douville, H., & Matschullat, J. (2023). Projected changes in synoptic 
circulations over Europe and their implications for summer precipitation: A CMIP6 perspective. 

International Journal of Climatology, 43(7), 3373–3390. https://doi.org/10.1002/joc.8033. 

Hobday, A. J., Alexander, L. V., Perkins, S. E., Smale, D. A., Straub, S. C., Oliver, E. C., et al. (2016). A 

hierarchical approach to defining marine heatwaves. Progress in Oceanography, 141, 227–238. 

https://doi.org/10.1016/j.pocean.2015.12.014 

Kahraman, A., Kadioglu, M., and Markowski, P. M.: Severe convective storm environments in Turkey, Mon. 

Weather Rev., 145, 4711–4725, 2017. 

Kumjian, M. R., & Lombardo, K. (2020). A hail growth trajectory model for exploring the environmental 

controls on hail size: Model physics and idealized tests. Journal of the Atmospheric Sciences, 77(8), 

2765–2791. https://doi.org/10.1175/jas‐d‐20‐0016.1 

Kunz, M., Wandel, J., Fluck, E., Baumstark, S., Mohr, S., and Schemm, S.: Ambient conditions prevailing 
during hail events in central Europe, Nat. Hazards Earth Syst. Sci., 20, 1867–1887, 

https://doi.org/10.5194/nhess-20-1867-2020, 2020. 

Lepore, C., Abernathey, R., Henderson, N., Allen, J. T., & Tippett, M. K. (2021). Future global convective 

environments in CMIP6 models. Earth's Future, 9(12), e2021EF002277. 

https://doi.org/10.1029/2021ef002277 

Ludwig, P., Pinto, J. G., Reyers, M., & Gray, S. L. (2013). The role of anomalous SST and surface fluxes over 

the southeastern North Atlantic in the explosive development of windstorm Xynthia. Quarterly Journal 

of the Royal Meteorological Society, 140(682), 1729–1741. https://doi.org/10.1002/qj.2253 

Martín, M. L., Calvo‐Sancho, C., Taszarek, M., González‐Alemán, J. J., Montoro‐Mendoza, A., Díaz‐

Fernández, J., ... & Martín, Y. (2024). Major role of marine heatwave and anthropogenic climate change 
on a Giant hail Event in Spain. Geophysical Research Letters, 51(6), e2023GL107632.  

Martín, Y., Cívica, M., and Pham, E.: Constructing a Supercell Database in Spain Using Publicly Available 

Two-Dimensional Radar Images and Citizen Science, Ann. Am. Assoc. Geogr., 111, 1346–1366, 

https://doi.org/10.1080/24694452.2020.1812371, 2020. 

Meredith, E. P., Semenov, V. A., Maraun, D., Park, W., & Chernokulsky, A. V. (2015). Crucial role of Black 

Sea warming in amplifying the 2012 Krymsk precipitation extreme. Nature Geoscience, 8, 615–619. 
https://doi.org/10.1038/ngeo2483 

Miglietta, M. M., Mazon, J., Motola, V., & Pasini, A. (2017). Effect of a positive sea surface temperature 

anomaly on a Mediterranean tornadic supercell. Scientific Reports, 7(1), 12828. 

https://doi.org/10.1038/s41598‐017‐13170‐0 

Mohr, S., Kunz, M., Richter, A., and Ruck, B.: Statistical characteristics of convective wind gusts in Germany, 
Nat. Hazards Earth Syst. Sci., 17, 957–969, https://doi.org/10.5194/nhess-17-957-2017, 2017. 

Muramatsu, T., Kato, T., Nakazato, M., Endo, H., & Kitoh, A. (2016). Future change of tornadogenesis‐

favorable environmental conditions in Japan estimated by a 20‐km‐mesh atmospheric general 

circulation model. 気象集誌. 第2 輯, 94(0), 105–120. https://doi.org/10.2151/jmsj.2015‐053 

National Weather Service (NWS): Supercell structure and dynamics, 
https://www.weather.gov/lmk/supercell/dynamics (last access: 24 January 2024), 2019.  

https://doi.org/10.1002/joc.8033
https://doi.org/10.1002/qj.2253
https://doi.org/10.1038/ngeo2483


 

May 2023     Page 9 of 9 This form is available at:  
http://www.ecmwf.int/en/computing/access-computing-facilities/forms 

Nisi, L., Martius, O., Hering, A., Kunz, M., and Germann, U.: Spatial and temporal distribution of hailstorms 

in the Alpine region: a long-term, high resolution, radar-based analysis, Q. J. Roy. Meteor. Soc., 142, 

1590–1604, 2016. 

Pastor, F., & Khodayar, S. (2023). Marine heat waves: Characterizing a major climate impact in the 

Mediterranean. Science of the Total Environment, 861, 160621. 
https://doi.org/10.1016/j.scitotenv.2022.160621 

Pastor, F., Valiente, J. A., & Khodayar, S. (2020). A warming Mediterranean: 38 years of increasing sea surface 

temperature. Remote Sensing, 12(17), 2687. https://doi.org/10.3390/rs12172687 

Peters, J. M., Nowotarski, C. J., & Morrison, H. (2019). The role of vertical wind shear in modulating 

maximum supercell updraft velocities. Journal of the Atmospheric Sciences, 76(10), 3169–3189. 
https://doi.org/10.1175/jas‐d‐19‐0096.1 

Púčik, T., Castellano, C., Groenemeijer, P., Kühne, T., Rädler, A. T., Antonescu, B., & Faust, E. (2019). Large 

hail incidence and its economic and societal impacts across Europe. Monthly Weather Review, 147(11), 

3901–3916. https://doi.org/10.1175/mwr‐d‐19‐0204.1 

Quirantes Calvo, J. A., Riesco Martín, J., and Núñez Mora, J. Á.: Características básicas de las supercélulas 

en España, Agencia Estatal de Meteorología (AEMET), 
https://repositorio.aemet.es/bitstream/20.500.11765/709/10/Caracteristicas_supercelulas.pdf (last 

access: 28 June 2024), 2014. 

Schär, C., Frei, C., Lüthi, D., & Davies, H. C. (1996). Surrogate climate‐change scenarios for regional climate 

models. Geophysical Research Letters, 23(6), 669–672. https://doi.org/10.1029/96gl00265 

Serrano‐Notivoli, R., Tejedor, E., Sarricolea, P., Meseguer‐Ruiz, O., de Luis, M., Saz, M. Á., et al. (2023). 
Unprecedented warmth: A look at Spain's exceptional summer of 2022. Atmospheric Research, 293, 

106931. https://doi.org/10.1016/j.atmosres.2023.106931 

Taszarek, M., Allen, J. T., Groenemeijer, P., Edwards, R., Brooks, H. E., Chmielewski, V., and Enno, S. E.: 

Severe convective storms across Europe and the United States. Part I: Climatology of lightning, large 

hail, severe wind, and tornadoes, J. Climate, 33, 10239–10261, https://doi.org/10.1175/JCLI-D-20- 
0345.1, 2020. 

Taszarek, M., Allen, J. T., Marchio, M., & Brooks, H. E. (2021). Global climatology and trends in convective 

environments from ERA5 and rawinsonde data. NPJ climate and atmospheric science, 4(1), 35. 

https://doi.org/10.1038/s41612‐021‐00190‐x. 

 

https://doi.org/10.3390/rs12172687
https://repositorio.aemet.es/bitstream/20.500.11765/709/10/Caracteristicas_supercelulas.pdf

