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Travelling Ionospheric Disturbances (TIDs) constitute a
specific type of space weather disturbance affecting
the performance of critical space and ground
infrastructure by disrupting operations and
communications in multiple sectors. T-FORS aims at
providing new models able to interpret a broad range
of observations of the solar corona, the interplanetary
medium, the magnetosphere, the ionosphere and the
atmosphere, and to issue forecasts and warnings for
TIDs several hours ahead. Machine Learning
techniques are used to train the models based on
existing databases developed in the frames of past
Horizon 2020 projects, to estimate the occurrence
probability of medium scale TIDs and to forecast the
occurrence and propagation of large scale TIDs.
Prototype services are developed based on
specifications from the users' community and following
harmonized standards and quality control similar to
the best practices of meteorological services. On
ground demonstration tests are organised, by
aerospace and civil protection agencies, to validate
the performance of the T-FORS prototype services. A
comprehensive architectural concept is proposed,
including the densification of ground instrument
networks, and new space missions, and possible future
adjustments in order to develop a real-time
operational service fully compliant and
complementary to the ESA Space Weather services.
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Although the project is now coming to an
end, the INGV team is working intensively
to make the catalogue-based LSTID
forecasting model over the European
continent available in near real-time. In
fact, efforts are now focusing on the
development of an architecture that will
allow the model and its forecasts to be
served on near real-time data, so that it
can be integrated into Space Weather
monitoring platforms. 

Additionally, its registration within the
PITHIA-NRF e-Science Centre is currently
ongoing, to provide the model to the
broader community. 

ADVANCEMENTS IN
LSTID FORECASTING:
TOWARDS NEAR REAL-
TIME OPERATIONS

Furthermore, the HFI-SEC based LSTID
forecasting model over Digisonde
locations has been registered in and is
available through the PITHIA-NRF e-
Science Centre.

https://doi.org/10.1051/swsc/2024038
https://esc.pithia.eu/
https://esc.pithia.eu/data-collections/DataCollection_T-FORS_LSTID_Forecasting_TFT/
https://esc.pithia.eu/data-collections/DataCollection_T-FORS_LSTID_Forecasting_TFT/


Third Space Weather Italian Community

On 28 November 2024, the T-FORS
catalogue-based model was presented
during the 3rd Space Weather Italian
Community (SWICo) Congress. 

SWICo is a meeting and discussion forum
for the entire Italian community involved in
the Space Weather disciplines, also open
to non-SWICo members. 

During this event, INGV presented a poster
entitled “An explainable machine learning
model for large-scale travelling
ionospheric disturbances forecasting”,
getting good feedback from the
community.

EVENTS
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T-FORS Final Meeting

On 3 December 2024 the T-FORS partners
gathered in Athens for the 4th and final
General Assembly Meeting. Participants
from NOA, INGV, OE, ROB, BGD, IAP-P,  IAP-L,
GFP, FI and ONERA attended the event,
which was dedicated to the project
developments and achievements, as well
as to the roadmap for an operational
European TID forecasting service.



T-FORS Second Innovation Day
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"T-FORS has conducted R&D on
standards which are relevant to WMO.
With additional development, T-FORS

products have relevance in global
scales", Kirsti Kauristi (FMI)

"TIDs affect the HF Over the Horizon
Radars in respect to the availability

and the accuracy of the operations. T-
FORS can support these systems with

warnings regarding the area to be
affected, the expected level of

disturbance due to TIDs and the
duration of the phenomenon.", Philippe

Brouard (ONERA)

"For Low Frequency Radio Telescopes,
such as LOFAR, knowing conditions in
the ionosphere in advance is of major

importance. T-FORS alerts for expected
TIDs at least 1 hour in advance can
mitigate the risk of collecting noisy

LOFAR observations and can avoid the
cost of processing and store bad
data", Maaijke Mevius (ASTRON)

After the First Innovation Day, which helped
raise awareness among leading experts in
the field of space weather and ionosphere
on the problem of the TID impact on their
systems, the Second Innovation Day was
held in Athens on 4 December 2024. This
event was in connection with the update of
the final prototypes for the T-FORS project. 

27 external participants and 22 T-FORS
members were registered to participate to
the event. 



After a presentation of the T-FORS project's
progress and achievements, various
demonstrations of the products developed
were proposed, such as:

a demo of HF-SEC-based model by
NOA, a trained validated and fine-
tuned Temporal Fusion Transformer
that can be applied individually to each
Digisonde station,
a demo of LSTID forecasting model by
INGV, based on CatBoost algorithm and
trained on a catalogue of ~1600 LSTID
event, forecasting within 3 hours,
a demo of MSTID probabilistic
forecasting model by IAP-L, based on a
quartiles method for probabilistic
forecasting.
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The final T-FORS services are available
through the T-FORS Repository.

Next, several presentations on ancillary
and complementary work, carried out in
the framework of the DISPEC project, have
been proposed. The DISPEC principal
ambitions are: first the derivation of high-
level data products with specified data
quality flag and defined data level, and
second the re-use of DISPEC data products
by the research community. 

https://t-fors.eu/activities-results/repository


In conclusion the Second Innovation Day
has been considered as very successful by
the community. From all the stakeholders’
feedback, aware of T-FORS products and
convinced by their strong interest, a solid
roadmap of future activities can be drawn.

The presentations given during this event
are available through the T-FORS website
and YouTube Channel.

Then, different stakeholders presented
their activities related to ionosphere, which
could be potentially impacted by TIDs:

iFURTHER project (a concept of HF inter-
connected HF based systems, in
multistatic geometry, for surveillance
and detection of target in Europe), 
a new architecture OTH radar (by
university of Birmingham), 
ESA Space weather network, 
Weather Meteorological Organization
aspirations on space weather service,
ionospheric predictions for low
frequency radio astronomical
observations (LOFAR). 
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https://t-fors.eu/t-fors-users/t-fors-second-innovation-day
https://www.youtube.com/playlist?list=PLzL1-pQylDyM7oRoymautjkzrHNHbBjgb
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