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Space weather is a natural hazard well-defined by the United Nations Office of Disaster Risk coone e Sunspots + Active Regions
Reduction that impacts power grids, airlines, trains, pipelines, telecommunication, and spacecraft l l !
operators. In case of an extreme space weather event nowadays, equivalent to the Carrington o T
event in September 1859, it can lead to a socio-economic loss of over several billion euros. _Migneﬁ' Energiicpamdeu_

“Are we ready for the next major solar storm?” is a project funded by the Transatlantic Research Energem% _ -
Partnership in order to survey the United States and European facilities for space weather Radiaion Belt_| | ———T———— Uviays — SO,afRadio

prediction to mitigate global, future risks. Our objectives are: SR Sesen

Solar observations

1) To compile an inventory of current and future development of operational space weather
tools for solar storm and geomagnetic storm predictions.
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The United States: NOAA-SWPC
The Space Weather Prediction Center (SWPC), operated under the National Oceanic and Atmospheric ~ Figure 1: Space weather is driven by the Sun through its features and

Administration (NOAA), IS a 24/7 operational center that provides space weather products and transient eruptions. Through various mechanisms, several systems can
services to users since 2007. Table 1 shows the current operational forecasting tools by NOAA-SWPC.

be impacted in near-Earth space and on the ground.
Europe: ESA-S2P-SWE

Space weather forecasting is one of the three focused areas of the Space Safety Program (S2P) initiated by the European Space Agency (ESA) since 2009. As part of the S2P, the
ESA Space Weather Service Network (SWE) has been established to develop, test, and demonstrate European space weather capabilities with end users in the loop to strengthen
Europe’s resilience to potentially damaging space weather events. Table 2 shows selected operational forecasting tools available through the ESA-SWE portal (accessed 05/26).

Table 1: Operational forecasting tools provided by NOAA-SWPC Table 2: Similar forecasting tools provided by ESA-S2P-SWE
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Current state and gaps Validation

* Though most tools provide 24/7 forecasts, they have not

Spatial coverage
P & been validated with extensive datasets.
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orecasting tools are available with spatia « Camporeale & Berger (2025), for instance, validated the

coverage as shown in Fig. 2 for NOAA and ESA. SWPC flare forecasts and found that they do not

S  The radiation belt is poorly covered. Only GEO is . . :
1 ——W outperform the baselines (persistence, climatology,..).

covered for NOAA. For ESA, the service is available ESA tools, despite available, mostly lack validation.

for demo (RB-FAN); the current operational ] o
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product for GEO (SaRIF) is interrupted.

* The current tools rely on real-time monitoring at L1
Forecast horizon (lead time)

(ACE, SOHO) that has been in service for nearly 30 years;
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Figure 2: The polar-log plot of the spatial coverage of the current at L5 to advance prediction lead time.

operational tools provided by NOAA-SWPC (left) and ESA-SWE (right). lonospheric perturbations. * Some European-based tools rely on US-based data

* We need longer lead time, with uncertainties, to _ .
sources or facilities. There is an urgent need to develop

Summary & Pe rs pectlves prepare for mitigation of space weather impacts. OUF OWN resources to improve our sovereignty.

Although we the operational tools from both NOAA and ESA are available, they have not been extensively validated
which could lead to distrust by the public users. The uncertainties are mostly lacking, and the forecasts rely on a few
satellites and ground-based monitoring. To prepare for extreme events, we need to advance the lead time and diversify
our forecast tools, develop more sovereignty especially in Europe, and enhance the robustness of the tools.
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