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Preface

The Space Weather Italian Community (SWICo, http://www.swico.it) is the national
scientific community that brings together Italian researchers working in disciplines related to
Space Weather, spanning from solar physics to the Earth's magnetosphere and ionosphere.
SWICo is organized as a formal entity and includes members from universities, research
institutes, agencies, and private companies, across Italy. The community promotes
coordinatation of scientific activities and collaborations, and represents Italian expertise in Space
Weather research at the national and international level.

This document has been prepared in response to the request from Dr. Jorge Amaya (ESA
Space Weather Modelling Coordinator) for information on Italian capabilities regarding computer
modelling of Space Weather, ranging from basic physics to operational tools. The request was
made in preparation for ESA's Space Safety Programme Period 3 activities and the upcoming "ESA
Space Weather and Heliophysics Modelling Workshop" (ESOC, 7-9 April 2026).

The SWICo Directive Board circulated Dr. Amaya's request to the community members and
collected the contributions presented in this compilation. Each contribution describes the
modelling capabilities, expertise, and resources of individual research groups or institutions.

It is important to note that each contributor is solely responsible for the content of their
respective submission. SWICo's role has been limited to collecting, organizing, and transmitting
these contributions as a consolidated document representing the breadth of Italian capabilities in
Space Weather modelling. The Directive Board has not edited or validated the technical content
of individual submissions, which reflect the autonomous work and expertise of each contributing
researcher.

We trust that this overview will provide ESA with valuable insight into the Italian Space
Weather modelling landscape and facilitate productive collaboration in the framework of future
European Space Weather initiatives.
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Model/product/service description SWICO 2025

Model/product/service name and/or acronym Form submitted by

ARCAFF:SUN-FD (Solar Full-Disk Active Region
Detection and Classification)

Edoardo Legnaro

Keyword

Sun O Interplanetary Space O Earth Magnetosphere O Upper Atmosphere O Geomagnetism
O Planetary Space Weather O Technological and Biological Impacts O Instrumentation

Description of the model/product/service

The tool is a deep learning-based system for full-disk solar active region detection and classification operating
directly on full disks magnetograms. Starting from full-disk observations, it identifies candidate active regions,
localize them spatially, and assign magnetic classes based on learned patterns of polarity distribution and
morphological complexity. The model produces bounding boxes and probabilistic class scores, enabling
simultaneous detection, classification, and confidence estimation. The system is suitable for continuous solar
monitoring and can be integrated into space weather analysis and near-real-time forecasting pipelines.

Maturity level of the model/product/service

O Early-stage research O Validated O Software available
O Implemented for local, on-demand usage O Implemented for local, real-time usage

Ready to operate on the web [ Already in operation

Modelling domain and techniques used Image of the model/product/service

The modelling domain addresses full-disk solar - PRI

photospheric magnetic field analysis. The tool employs
deep learning—-based computer vision techniques applied
to full-disk magnetograms, combining object detection
and image classification approaches. The methodology
includes data preprocessing and normalization of full-disk
magnetograms, followed by deep learning-based object
detection for the simultaneous localization and
classification of active regions. The model is trained in a
supervised manner on labeled full-disk datasets, learning
magnetic feature representations directly from the data.
Inference produces bounding boxes and associated

-1000" -500"

probabilistic class scores. Heioprojective Longtude (Solarx)

Helioprojective Latitude (Solar)

~500"

1000"

Entity and Work group

UniGe - MIDA Group

ARCAFF Project: Dublin Institute For Advanced Studies, Universita Degli Studi Di Genova, ZTAKI Hun-Ren Szamitastechnikai Es
Automatizaldsi Kutatdintézet, The University Of Westminster

Relevant publications

Legnaro, E., et al. "Deep learning for active region classification: A systematic study from convolutional neural networks to
vision transformers." The Astrophysical Journal 981.2 (2025): 157.

Guastavino, S., et al. "Artificial Intelligence for the Characterization of the 2024 May Superstorm: Active Region
Classification, Flare Forecasting, and Geomagnetic Storm Prediction." The Astrophysical Journal 985.1 (2025): 53.

Contacts

Edoardo Legnaro edoardo.legnaro@edu.unige.it
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Model/product/service description SWICO 2025

Model/product/service name and/or acronym Form submitted by
ARCAFF:SUN-ARC (Solar Active Region Classifier) Edoardo Legnaro
Keyword

Sun O Interplanetary Space O Earth Magnetosphere O Upper Atmosphere O Geomagnetism
O Planetary Space Weather O Technological and Biological Impacts O Instrumentation

Description of the model/product/service

The modelis a deep learning—based active region classification tool designed to automatically identify and classify
solar active regions from photospheric magnetograms. It operates on pre-extracted active region patches and learns
complex spatial and magnetic field patterns through data-driven feature representations, enabling reliable
discrimination among Mount Wilson classes. The model provides probabilistic outputs for each class, allowing both
classification and confidence assessment.

Maturity level of the model/product/service

O Early-stage research O Validated O Software available
O Implemented for local, on-demand usage O Implemented for local, real-time usage

Ready to operate on the web [ Already in operation

Modelling domain and techniques used Image of the model/product/service

The modelling domain focuses on solar photospheric
magnetic field analysis and active region o0 g
classification for space weather applications. The tool :
employs deep learning techniques for image-based o 7 EORRR
pattern  recognition, trained on line-of-sight w il NGl R R
magnetogram data and curated active region ) Bv | o09%0614
datasets. The model leverages data-driven feature
learning to capture spatial complexity, magnetic
polarity distributions, and morphological
characteristics of active regions. The approach is
suitable for automated pipelines, large-scale data
processing, and integration with operational space
weather services.

2000
NOAA 13664 - 2024.05.09_09:36:00_TAI - Class By Class Probability
——— 3 = 7 1500

1000 Qs 0.000131

0 7 0.000332

a 0.000123

“1000 B 0.0088

Entity and Work group

UniGe - MIDA Group

ARCAFF Project:

- Dublin Institute For Advanced Studies

- Universita Degli Studi Di Genova

- SZTAKI Hun-Ren Szamitastechnikai Es Automatizalasi Kutatdintézet
- The University Of Westminster

Relevant publications

Legnaro, E., et al. "Deep learning for active region classification: A systematic study from convolutional neural networks to
vision transformers." The Astrophysical Journal 981.2 (2025): 157.

Guastavino, S., et al. "Artificial Intelligence for the Characterization of the 2024 May Superstorm: Active Region
Classification, Flare Forecasting, and Geomagnetic Storm Prediction." The Astrophysical Journal 985.1 (2025): 53.

Contacts

Edoardo Legnaro edoardo.legnaro@edu.unige.it
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Model/product/service description SWICO 2025

Model/product/service name and/or acronym Form submitted by

FlareNowCast Sabrina Guastavino

Keyword (check at least one)

Sun O Interplanetary Space O Earth Magnetosphere O Upper Atmosphere O Geomagnetism
O Planetary Space Weather O Technological and Biological Impacts O Instrumentation

Description of the model/product/service

The tool provides a howcasting service aimed at identifying the imminent onset of major solar flares. The service
analyzes time series of magnetic properties measured in solar active regions to determine when an active region is
approaching a flare-productive state. It focuses on issuing early and interpretable alerts by highlighting
characteristic changes that indicate an increased likelihood of flaring. By exploiting routinely available SDO/HMI
observations, the service is suitable for continuous monitoring and supports space-weather awareness for
systems sensitive to strong flares, such as satellites, radio communications and navigation services, through
physically meaningful indicators of escalating solar activity.

Maturity level of the model/product/service

Early-stage research O Validated O Software available
O Implemented for local, on-demand usage O Implemented for local, real-time usage

O Ready to operate on the web 0 Already in operation

Modelling domain and techniques used Image of the model/product/service

The tool operates in the solar active-region and flare-
onset domain and is based on Natural Time Analysis
(NTA) applied to magnetic indices derived from high-
cadence SDO/HMI vector magnetograms (SHARP data
products). Each magnetic parameter is treated as an
event sequence weighted by its magnitude and
transformed into the natural-time domain. Statistical
quantities such as the order parameter k and the
entropy S are computed to track temporal correlations
and critical behavior. Decreases in k and entropy
suppression indicate a transition of the active region
toward a critical state. These signatures systematically
precede major flares and are absent in non-flaring
regions, enabling discrimination between eruptive and
quiet solar behavior.

Entity and Work group

UniGe — MIDA Group, INAF-OATo

Relevant publications

Telloni, D., Guastavino, S., et al, Transition to a Critical State of Active Regions: Identifying Solar Flare Precursors, submitted.

Contacts

Sabrina Guastavino sabrina.guastavino@unige.it
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Model/product/service description SWICO 2025

Model/product/service name and/or acronym Form submitted by
S°WARM Paolo Pagano
Keyword

M Sun O Interplanetary Space O Earth Magnetosphere O Upper Atmosphere O Geomagnetism
O Planetary Space Weather O Technological and Biological Impacts O Instrumentation

Description of the model/product/service

S?’WARM (St Andrews Space Weather Active Region Monitor) predicts eruptive solar active regions by assimilating
magnetogram data into 3D NLFFF simulations and projecting their evolution. It computes first a theoretical and then
an operational metrics to issue green, amber, or red alerts, factoring magnetic flux changes and flare/CME
likelihood. Tested on 23 cases, S°WARM correctly classified 74% of regions, achieving a global Heidke Skill Score of
0.44, showing promising capability for space weather forecasting.

Maturity level of the model/product/service

M Early-stage research O Validated O Software available
O Implemented for local, on-demand usage O Implemented for local, real-time usage

O Ready to operate on the web 0 Already in operation

Modelling domain and techniques used Image of the model/product/service

S2WARM uses data-driven NLFFF magnetofrictional
simulationsto model the 3D coronal magnetic field
above active regions. It assimilates SDO/HMI
magnetograms every 96 minutes as evolving boundary
conditions and projects the field forward by ~16 hours.
Simulations run within +60° of central meridian on flux-
balanced cut-outs at fixed resolution. Aramp-up
phase (18-50 hrs) removes initial potential field before
alerts start, ensuring realistic non-potential evolution for
eruption forecasting.

Entity and Work group
Universita degli Studi di Palermo

Relevant publications

Pagano, P., Mackay, D. H., & Yardley, S. L. 2019a, ApJ, 883, 112
Pagano, P., Mackay, D. H., & Yardley, S. L. 2019b, ApJ, 886, 81

Contacts

Paolo Pagano paolo.pagano@unipa.it




