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

Project Title:

Computer Project Account:
Principal Investigator(s):

Affiliation:

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

Start date of the project:
Expected end date:

2024

SIMULATIONS OF TROPICAL
TRANSITIONS IN THE EASTERN NORTH-
ATLANTIC OCEAN: PAST, PRESENT AND
FUTURE PROJECTIONS

Spesm art
MARIA LUISA MARTIN

ESCUELA DE INGENIERIA INFORMATICA.
UNIVERSIDAD DE VALLADOLID

Daniel Santos (AEMET), Juan Jesus Gonzalez-
Aleman (Aemet), Lara Quitidn-Hernandez
(UCM), Mariano Sastre (UCM), Pedro Bolgiani
(UCM), Javier Diaz (UCM), Francisco Valero
(UCM), Eloy Piernagorda (UCM), Carlos Calvo
(UVA), Jose Ignacio Farran (UVA)

UVA: Universidad de Valladolid. Spain

UCM: Universidad Complutense de Madrid.
Spain

AEMET: Agencia Estatal de Meteorologia. Spain

01/01/2022

31/12/2024

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)

2000000 7917382 8000000 21370883

Data storage capacity | (Gbytes)

25000 25000 25000 25000

June 2024

This template is available at:
http://www.ecmwf.int/en/computing/access-computing-facilities/forms



Summary of project objectives (10 lines max)

In the last years, tropical transitions (TT) have occurred very close to Iberia and surrounding areas.
High-resolution simulations of TTs using improved models are needed to analyse the atmospheric
dynamics of these systems. In this sense, in SPESMART several observed TTs (the strongest TTs > 90
percentile in wind speed) are simulated using the WRF and HARMONIE-AROME models. Moreover,
simulations of these events using projections in areas nearby the Iberian Peninsula will provide
knowledge about these atmospheric systems and their behaviour with respect to the Anthropogenic
Climate Change (ACC). To do this, EC-Earth projectionswill be used. Thus, differentclimate scenarios
will be analysed to study, simulate, and examine possible changes in frequency, tracking and intensity
of several TTs.

Summary of problems encountered (10 lines max)

The request document specified three phases with the scientific plan:

The Phase 1 (Selection of TTs in ENA: study of the genesis and atmospheric dynamic) and Phase 2
(Assessment of the skill of the models in simulating the behavior of TTs) are fully developed. Phase 3
(Analysis of TTs in simulations of an advanced climate model) and Phase 4 (Analysis of TTs in future
ACC projections) are not completed since the EC-Earth simulations nested in HARMONIE and WRF
have provided unsuccessful results. Instead of using these simulations, another work perspective has
been used. The pseudo global warning approach is used to study the genesis, development and intensity
of selected TTs when ACC is considered. No special problems of technical nature we have had
throughout the period of this Special Project. In the case of have them, the personal of the ECMWF has
been kindly resolved them.

Summary of plans for the continuation of the project (10 lines max)

Because of the unsuccessful results obtained when using the EC-Earth simulations to be nest in
HARMONIE and WRF for simulating TTs in future climate, a different approach is used to complete
the Phases 3 and 4 of this projectwill continue. In thisway, the relationship ACC - TTs will be assessed
in this stage.
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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
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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.

Additional to the exposed results in the previous Special Project reports, four TT events, simulated
with WRF and HARMONIE-AROME, are selected to study the main features of the horizontal
kinetic energy (HKE) spectra of this kind of high-energetic atmospheric systems. Though most of the
times similar results are obtained with both models, HAR shows a more intense filtering and
numerical dissipation, whereas WRF tends to represent over-energized spectra in the synoptic scale
and especially at smaller wavelengths (Figure 1). Predictability is dissimilar for the four TTs studied
due to the different spectral curve slope obtained for each case, ranging from unlimited to very poor
predictability at synoptic scale. Additionally, an increased HKE is presented in the middle -upper
troposphere spectra due to vorticity and convection, which are characteristic features of tropical
cyclones.
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Figure 1: 500 hPa wind HKE spectra for the TTs selected, simulated with WRF and HARMONIE-
AROME. The observed energy horizontal wavenumber spectral curve is shown for reference. The
shaded area corresponds to the wavelengths below the theoretical effective resolution of the models.

To gain more insight into the dynamics of the HKE spectra, the different processes that contribute to
the tropospheric energy evolution and transference in the TT Delta are also analyzed, as an example.
Summarizing, it can be noted that globally WRF and HARMONIE-AROME present similar spectra.
However, WRF results are consistently more energetic than HAR, specially at the smaller
wavelengths, denoting a steeper numerical dissipation by HAR. Moreover, the spectral budget of the
TT Delta is investigated considering both models. The results of the Delta spectral budget are also
similar for both models, and the differences are mainly located in the stratosphere, most probably due
to the differences in vertical resolution. The HKE spectral budget is mainly governed by t;, D, and
Hy, i.e., the non-linear spectral transfer term, the spectral tendency due to three-dimensional
divergence and the spectral tendency due to diabatic processes, respectively, mainly above A;, > 1000
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km. While Dy, and H,, present positive contributions, tjis negative for A, < 2000 km, but presenting
a large positive pool for A, > 2000 km. The combined contributions partially explain the over-
energetic spectrum. This is also assisted by the synoptic flow of t; inhibiting the direct cascade at
tropical-storm-size wavelengths. The contributions of C,4_p, d,F,r and d,F,1, i.e., the spectral
conversion from APE to HKE, 9, F,+ (k) and 9, F,; (k) the vertical flux divergence terms of HKE and

pressure, respectively. These terms greatly affect the spectrum at the synoptic scale and mesoscale,
highlighting that the roles of moist convection and latent heat can exceed the energy cascade and
other energy transfer processes. F,t is predominant at synoptic scale and F,¢ is predominant at
mesoscale. At mesoscale, the contribution of each term seems to be dependent on the vertical levels.
However, at synoptic scales the terms have a much more complex behaviour, which seems to be
dependent on the wavelengths (Calvo-Sancho et al., 2023).

Overall, it is clear that a high-energetic system, such as a TT, can notably affect the atmospheric
energy spectrum. The energy budget of TT events shows a very complex behaviour far from the
simple energy cascade theory, presenting a three-dimensional transfer and contribution of energy, in
line with the results of the Sun et al. (2017), Wanget al. (2018) and Zhenget al. (2020). Moreover,
the energy transfer is very dependent of the strong links existing between vertical levels. Both, WRF
and HAR models are coincident in most of the results; however more research is required to fully
grasp the energetic configuration of TTs and how each process affects the building of the HKE
spectrum.

In the remainder project time, the WRF and Harmonie-Arome models have been used to simulate
more TTs and medicanes in the vicinity of the Iberian Peninsulaatvery high-resolution. Differences
and similitudes between key simulated variables (for Harmonie-Arome and WRF) in the genesis,
developingand tracking of thesesystems are studied. Asitis abovementioned, the Phase 3 (Analysis
of TTs in simulations of an advanced climate model) and Phase 4 (Analysis of TTs in future ACC
projections) are not completed since the EC-Earth simulations nested in HARMONIE and WRF
have provided unsuccessful results. Instead of using these simulations, another work perspective
has been used. Martin et al. (2024) shows the different methodology used to study the ACC effect
on the development of supercells affecting the northeastern Spain. Such approach will be used to
study the genesis, development and intensity of selected TTs when ACC is considered. In the rest
of the year, some simulations using this new approach will be run for some studied cases of TTs.

It is worth to note that for each atmospheric system, 93000 units approximately have been used
using WRF and, around 600000 units have cost using the very-high resolution in HARMONIE.
Numerous tests have been needed to finally simulate the TTs with very high-resolution. Such
resolution is necessary to properly study the mesoscale processes involved in the genesis and
development of these events. Considering the numerous needed different experiments before the
final simulations and the very high resolution used to properly simulated TTs (500m with the second
version of the HARMONIE model), the final SBU usage in this special project is much more than
the requested initial SBUs. We are sorry for having made a mistake in the initial figure requested.
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