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Summary of project objectives (10 lines max) 
Meteorology is essential in aviation since it has a significant impact on flight planning and safety. High -
resolution numerical simulations are suggested for accurately characterising aviation -related 
meteorological events. SPESVALE simulates mountain waves and severe convective weather 
phenomena (such as supercells, thunderstorms, and downbursts) on the Iberian Peninsula using the 

WRF-ARW and HARMONIE-AROME models. The potential impact of global climate change on the 
precursor environments to mountain lee wave cloud episodes over central Iberia are examined. 
Moreover, the effect of complex orography in supercell and downburst development event in Spain 
were investigate using three different Weather Research and Forecasting numerical weather prediction 

model (WRF-ARW) orography experiments. 
 

Summary of problems encountered (10 lines max) 

We noticed some issues with the HARMONIE-AROME model related to domain size, increased 

temporal and horizontal resolutions, the establishment of nested domains... which produced running 
many times for testing such a model, and the usage of more SBUs than originally expected. No other 
problems of more technical nature have presented.  

 

 

Summary of plans for the continuation of the project (10 lines max) 
Related to severe convective weather phenomena, a selection of diverse global and regional climates 

will be analysed to identify the atmospheric conditions conducive to such events. This analysis will 
comprehend both historical data and future climate projections, with a particular focus on the SSP5-8.5 
scenario, which represents a high greenhouse gas emissions trajectory. By examining these conditions, 
we aim to understand how the frequency, intensity, and distribution of severe convective storms might 

change in the future. Additionally, we will employ the pseudo global warming (PGW) approach, to 
isolate the impact of anthropogenic climate change on these phenomena. The PGW approach allows for 
a controlled comparison, providing insights into how human-induced warming influences severe 
weather patterns. Through this comprehensive study, we hope to establish clearer links between climate 

change and severe convective weather, aiding in future prediction and mitigation efforts. 
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Summary of results 
If submitted during the first project year, please summarise the results achieved during the period from the 

project start to June of the current year. A few paragraphs might be sufficient. If submitted during the 

second project year, this summary should be more detailed and cover the period from the project start. The 

length, at most 8 pages, should reflect the complexity of the project. Alternatively, it could be replaced by a 

short summary plus an existing scientific report on the project attached to this document. If submitted during 
the third project year, please summarise the results achieved during the period from July of the previous 

year to June of the current year. A few paragraphs might be sufficient. 

 

Several results related to mountain lee waves and severe convective weather phenomena were 
obtained during the last year, thanks to the SPESVALE special project. 
 

Atmospheric conditions leading to mountain lee waves in central Iberia under CMIP6 projections  
were analysed obtaining statistically significant variations and trends in precursor environments 



 

June 2024 This template is available at: 

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

between historical data and future climate scenarios, with a particular focus on the expansion of the 
Azores High towards the Iberian Peninsula, resulting in increased zonal winds throughout the Iberian 
Peninsula in the future. However, the increase in zonal wind is insufficient to modify the wind pattern, 
so future mountain lee wave cloud events will not vary significantly. Moreover, the risk of icing 

precursor environments connected with mountain lee wave clouds is expected to decrease in the 
future, due to rising temperatures. Our results highlight that the EC-EARTH3 Global Climate Model 
reveals the closest alignment with ERA5 data, and statistically significant differences between the 
historical and future climate scenario periods are presented, making EC-EARTH3 a robust candidate 

for conducting future studies on the precursor environments to mountain  lee wave cloud events, 
among the remainder used CMIP6 climate models. 
 
On the other hand, on July 1, 2018, many supercells were spotted near the Zaragoza Airport (Spain), 

and at least one of them generated a downburst that affected the airport, causing significant damage 
in the surrounding area. This event was simulated using the Weather Research and Forecasting (WRF-
ARW) numerical weather prediction model using three different orography experiments to 
investigate if the region's complex orography has an important role in supercell and downburst 

development. One of the three experiments uses the default orography as control; another one uses a 
90% smoothed orography, and the third experiment is configured with a high -resolution dataset. 
Several atmospheric and convective variables are compared for each orography experiment. Results 
show that the smoothing process leads to a more uniform wind flow, contributing to the formation of 

numerous supercells. However, supercells channel through valleys and mountains in the control and 
high-resolution orography experiments, where the surface wind divergences are uniquely reproduced, 
and the highest reflectivity values are observed. Moisture advection from the Mediterranean Sea is 
essential in the process, reaching more deeply into the study region in the smoothed orography 

experiment due to the lack of orographic barriers. Orography affects dynamic and thermodynamic 
features, which have considerable effects on the formation and development of downbursts.  


