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SPECIAL PROJECT PROGRESS REPORT 
 
All the following mandatory information needs to be provided. The length should reflect the complexity and 
duration of the project. 
 
 
Reporting year 2025 

Project Title: Sensitivity of regional climate models to improved soil 
thermo-hydrodynamics and land-air interactions: impacts 
on future climate and renewable energy resources over 
the EURO CORDEX domain 

Computer Project Account: spesgarc 

Principal Investigator(s): Elena García Bustamante 
 

Affiliation: CIEMAT 

Name of ECMWF scientist(s) 
collaborating to the project  
(if applicable) 

J. Fidel González Rouco, Jorge Navarro Montesinos 
(CIEMAT), Elena García Bustamante (CIEMAT), Félix 
García-Pereira (IGEO), Cristina Vegas-Cañas (IGEO), 
Nagore Meabe (IGEO), Sara Madera Sánchez (CIEMAT), 
Luana Cardoso (University of Lisbon) 

Start date of the project: 01/01/2023 

Expected end date: 31/12/2025 
 
 
Computer resources allocated/used for the current year and the previous one  
(if applicable) 
Please answer for all project resources 
 

 Previous year Current year 

 Allocated Used Allocated Used 

High Performance 
Computing Facility  (units) 9.500.000 15.521.684 9.500.000 17.717.842 

Data storage capacity (Gbytes) 350.000 150.200 350.000 166.047 
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Summary of project objectives  
 
      The project main objective is to perform regional simulations at very high spatial resolution with a 
regional climate model (RCM, WRF) and it is a combined effort together with another special project 
(spesgonz) from CIEMAT. Together with them, the objective is to achieve a refined version of the 
regional simulations over the EURO CORDEX domain by incorporating the external climatic forcings 
to the regional model and by increasing the realism of the soil component in high resolution simulations. 
The latter implies, among other expected benefits, augmented consistency of the RCM simulations with 
respect to the driving ESM model (Max-Planck). We will provide multi-decadal historical and scenario 
CP-RCM simulations over the EURO-CORDEX domain based on the optimal recalibrated WRF 
configuration. A smaller region of complex terrain (Central System) within the Iberian Peninsula is 
selected due to its availability of observational data, to generate convection permitting RCM (CP-RCM) 
simulations with the aim of testing the ability of the model to resolve the atmospheric physics at 
convective scales making use of convection permitting schemes. Therefore, the main objectives within 
the present project imply a pool of sensitivity experiments of those parametrizations that remain active 
when the cumulus scheme is muted (convection permitting scheme) in shorter and smaller domain 
within the Iberian Peninsula. 

 
 
 
Summary of problems encountered  

We have performed multiple modifications of the raw code of the WRF model version we are 
using, such us the inclusion of 4D files for the aerosol depth to include the stratospheric and tropospheric 
aerosol forcings in our simulations. Our group is the first within the community introducing such 
changes and we have faced different difficulties at this regard.  
           Additionally, we have found inconsistencies between our lake mask and the land-sea lake mask 
that is being used by some members of the LUCAS CORDEX community so we have detected 
anomalous temperature surface temperature signals that forced the community teams to rerun some of 
our model simulations. Differences can be found in Figure 1 of this report. 

During this year we have faced several difficulties mostly related to 1) the amount of storage 
needed for the heavy outputs from the RCM simulations considering their length the very high spatial 
resolution and the resulting amount of fields and variables simulated, which ultimately points to a need 
of longer/larger storing capacity for the outputs of our simulations, 2) the subsequent download of the 
simulated fields to our institutional servers and 3) difficulties related to the technical part that seeks 
improving the RCM code standards to allow for an innovative approach, mainly connected to the 
management of databases that feed our running system. Nonetheless, it is worth mentioning that our 
simulations have been running mainly on a twin account connected with this project, due to a 
mislabelling in our scripts. However, by the end of the year, the full amount of allocated space for this 
project is planned to be used with the progress of the simulations planned. 
 

Summary of plans for the continuation of the project  
 

Until the end of the year, we plan to launch ALL-Forcing reanalysis and CMIP6 driven 
experiments. Fully forced WRF simulations (GHGs, AER+VOL, LULCC, SOL) during the historical 
period (1990-2020) will be carried out using first in ERA5 reanalysis and finally with MPI-ESMdeep 
driving fields, our own refine version of the parent Earth System Model providing initial and 
boundary conditions to the RCM simulations.  This implies a data flush to our collaborators from the 
spesgonz project at the CIEMAT. The first of the two runs will be the reference fully forced simulation 
driven by closer-to-reality fields (reanalysis) and the second constitutes the first CMIP6 downscaling 
experiment with a deeper soil module and will be the basis for the future scenario projections and for 
the following analysis about the soil physics options. The viability of running MPI-ESMdeep outputs 
downscaled with WRF has already been ensured during previous experiments and projects.  
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One main objective next year is to launch the refined 1km CP-RCM simulation, probably 
reaching the 200 m spatial resolution region for some specific regions within the smaller domain over 
the Iberian Peninsula located over the Central System (see results below) to explore the added value 
of the convection permitting schemes over the mountainous area mentioned. A parent 4km has 
already been performed in collaboration with the special project spesgonz. Previously, the group has 
applied effort in experimenting with increasing resolution and sensitivity to specific boundary layer 
physics and microphysics parametrizations over a smaller subdomain over the eastern bound of the 
Central System in Iberia (Sierra de Guadarrama) is to allow for an insight in the potential of the model 
to capture the mean and climate and variability at different timescales. Some results are shown below 
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Summary of results 
 
 

This special project is part of a common effort among several institutions sharing research 
targets in regional simulations. Therefore, the use of the accounts is designed through the year jointly 
and the usage of the special project accounts in shared. Here we reflect the progress of the project 
assigned to this account, which is common to the special project spesgonz running its second year. 
Our plan is to continue with the present project for which we will need the maximum allowed capacity 
to perform the simulations scheduled. The report is essentially common to the two special project 
accounts (spesgonz and spesgarc). 
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We have launched experiments related to a sensitivity analysis to the inclusion of individual 
forcings in regional simulations for the historical period. The experiments with individual forcings 
driven by reanalysis data. They incorporate annual variations of Greenhouse Gases (GHGs), Land 
Use and Land Cover changes (LULC), tropospheric aerosols, natural stratospheric aerosols (AER + 
VOL), and Total Solar Irradiance (SOL). These simulations have been completed and are currently 
under analysis. 

The objective is to identify the role of regionally forced variations. Part of the analysis this 
have been focused on the volcanic aerosol regional impacts on the simulations, evidencing a moderate 
impact of the most significant historical volcanic eruptions (e.g., Pinatubo, 1991)..These individual 
forcing simulations show an amplified response in specific periods and subdomains, we are 
conducting an insightful analysis of their local and regional-scale impacts. Further time is required to 
comprehensively estimate the individual and combined influence of these forcings. Nevertheless, 
preliminary results already suggest distinct global vs. regional features of these impacts over the study 
domain.  

 A WRF simulation based in three nested model domains with horizontal resolutions of 9 km, 
3 km, and 1 km have been performed for a 30-year experiment focusing on the eastern sector of the 
target region over the Iberian Peninsula Central System. The analyses in this part indicated that, in 
general, all simulations overestimate the probability of precipitation occurrence. 
 

We have as well performed a 4 km simulation that will serve as the forthcoming 1 km 
simulation over the Central System in the Iberian Peninsula with an optimized configuration after the 
experiments we have commented about above. It can be said that the simulated temperature evidences 
a climatological pattern spatial and altitude dependent. More detailed analysis can be found in the 
final project report. 
 


