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considered in the evaluation process.
Requests asking for 3,000,000 SBUs or more should be more detailed (3-5 pages). Large requests asking for 10,000,000
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Aviation is strongly dependent on meteorology, as flight plans and aviation safety are largely affected
by a number of meteorological phenomena. For instance, aircraft icing and turbulence are likely to
be dangerous in departure and arrival operations in the vicinity of airports (Gultepe et al., 2019).
Moreover, according to the National Transportation Safety Board (2014), meteorological conditions
are the main reason for aviation accidents in 37% of the cases, being icing and turbulence associated
with mountain waves the main causes in the 2000–2011 period in the US. Furthermore, weather
hazards represented approximately 15% of the accidents and serious incidents in the European Risk
Classification Scheme for 2019 (European Union Aviation Safety Agency, 2019).
Some previous studies from Fernández-González et al. (2014, 2015) analysed events of freezing
drizzle in the Guadarrama range (in the middle of the Iberian Peninsula). Besides, Bolgiani et al.
(2018) simulated an episode of mountain waves and ice conditions in the same area, which was
actually reported by an airplane flying over that location. From those simulations it was suggested
that clear air turbulence was found above the mountain wave cloud top. The results encouraged the
use of mesoscale models and images from the Meteosat Second Generation (MSG) satellite to
minimize aviation risks associated with such meteorological phenomena.
To properly characterize these and other aviation-related meteorological 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, with two well-known numerical
weather prediction models, namely WRF-ARW (from now on, WRF) and HARMONIE-AROME
(for short, Harmonie). These two models present different features, and therefore it is interesting to
analyse how the aviation-related meteorological hazards 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 assessment
of atmospheric turbulence, which still needs to be better characterized. To this purpose, around 300
events in the period 2000-2020 have been identified, and these are the targets to be simulated with
the two models. Using both models’ simulations results, we aim to perform a comparison in order to
establish similitudes and differences between their behaviour in reproducing mountain waves events
and their features.
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On the one hand, the Harmonie 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 model was also implemented.
Furthermore, different types of WRF settings have been extensively tested (Díaz-Fernández et al.,
2020) to obtain a model configuration which represents accurately the formation of mountain waves
in the Guadarrama range zone. These experiments included variations in the planetary boundary layer
(PBL) schemes and surface model parameterizations. The best configuration from those experiments
is expected to be the one considered for our future simulations. It includes for radiation, the Dudhia
shortwave scheme (Dudhia, 1989) and RRTM longwave scheme (Mlawer et al., 1997), the Unified
Noah land-surface model (Tewari et al., 2004), the revised MM5 (Jiménez et al., 2012) surface layer
scheme, the Yonsei University (YSU) (Hong et al., 2006) PBL parameterization, and the Thompson
(Thompson et al., 2008) microphysics scheme. Besides, initial and boundary conditions will be taken
from the National Centers for Environmental Prediction (NCEP) Climate Forecast System Reanalysis
(CFSR), with a temporal resolution of six hours and a horizontal spatial resolution of 0.5°. Each
episode will be initialized at 00:00 UTC and independently run in periods of 24 h. A configuration
with four nested domains will be considered (Figure 1), following a two-way nesting strategy. Each
one will have 121 × 121 grid points in north-south and east-west directions, and 40 sigma vertical
levels. The outer domain (d01) covers southwestern Europe and North Africa with 27 km of spatial
resolution. Domain d02 approximately encompasses the Iberian Peninsula with 9 km resolution,
whereas domains d03 and d04 are centred over the Guadarrama range covering the area of study at 3
and 1 km, respectively.

Figure 1: WRF domain configuration. Outer boundary corresponds to outermost domain.

Díaz-Fernández et al. (2021) studied the relevant thresholds involved in the mountain waves
formation. The research strategy consisted of focusing on several simulation grid points with three
different categories: in the windward side, over the Guadarrama mountains, and in the leeward side.
A similar approach will be done in the upcoming studies we aim to perform.
Moreover, Díaz-Fernández et al. (2021) sketched a decision tree (Figure 2). It has been also evaluated
to create a warning method which is able to detect these potentially dangerous events. This decision
tree allows us to forecast a warning for mountain waves, wave clouds and icing with at least 24 h in
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advance. After validating the results against satellite images, good skill scores are found.
Additionally, when the decision tree is applied in this area to a particular case study, the warnings
yielded are in accordance with the reported observations.

Figure 2: Decision tree for mountain waves, wave clouds, and icing risk warning.
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As we will focus on, but not restrict to mountain waves, the scientific goals of this project can be
summarized as follows:
•

Assessment of the mesoscale atmospheric situations, as well as the synoptic factors, which
are directly related to icing risk conditions and mountain waves, focusing in the area
surrounding the Guadarrama range.

•

Application of machine learning techniques in order to improve the decision tree and warning
system.
Deep study of a derived variable which is very useful for aviation purposes, namely eddy
dissipation rate, in order to include it as a key variable to be analysed and included in the
decision tree and warning system.

•
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