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Public Business Entity under  Ministry of Transport 

and Sustainable Mobility.

Designated by the State for the provision of air 

traffic services in the en-route and approach 

phases.

5 control centres and 21 control towers, managing 

nearly 2 million flights per year.

Fourth-largest air navigation service provider in 

Europe by traffic volume.

Our mission: to contribute to the development of 

air transport in Spain and to guarantee air traffic 

safety, fluidity, efficiency and economy, offering a 

quality of service in line with the demand of 
customers and users.
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Why space weather matters for aviation
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Increased radiation exposure for crews and passengers, and 
potential effects on onboard aircraft systems.

Degradation or loss of HF and satellite communications.

Degraded performance or loss of availability of GNSS-based 
navigation and surveillance, including ADS-B and ADS-C.

ICAO Doc 10100 “Manual on Space Weather Information in Support of International Air Navigation”

EASA SIB 2012-09 R1 “Effects of Space Weather on Aviation”

EASA SIB 2012-10 R1 “Single Event Effects on Aircraft Systems caused by Atmospheric Radiation”
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ENAIRE’s use of space weather information
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SWXAs (HF COM, RAD, GNSS)
24/7 global service

Operational since Nov. 2019

ATN / AFN

AMA (AEMET Service provider application) 

ICARO (ENAIRE’s Integrated COM/AIS/AIP 
& Reporting Office Automated System)

https://notampib.enaire.esSee ENAIRE’s AIC 12/21 on SWXAs:
• Users (operators, flight crews, AIS centers

supporting ACCs) are responsible for 
consulting SWXAs during flight planning

• NOTAM based on SWXAs are not issued

since 2020

AEMET (Spanish MET provider)

https://notampib.enaire.es/
https://notampib.enaire.es/
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Space weather impacts on GNSS-based navigation in aviation
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Space weather can degrade the performance of GNSS augmentation systems such as GBAS and EGNOS.

Driven by solar activity.

Greater impact in equatorial and polar regions, and during equinoxes.

Main ionospheric drivers: delay gradients and scintillation. 

Increased ionospheric gradients primarily affect single-frequency services.

Scintillation is most relevant at equatorial and high latitudes.

Impact on 3D approach operations with GNSS-based vertical guidance (SBAS LPV or GBAS).

Not only accuracy degradation; it is the potential loss of integrity, availability or continuity of GNSS-based 

services used for approach and surveillance.

Availability

Accuracy

Continuity
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Space weather monitoring at Málaga airport using operational GBAS
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GBAS station detects GNSS signal disturbance events and we classified it 

in jammers, system issues (satellite geometry, PRN issues…) and space 

weather activity.

Since March 2024, an increase of events has been attributed to space 

weather activity. Mainly at sunset, and particularly on the equinoxes.

GBAS NOTAMs for LEMG, based on space weather monitoring, issued in 

2024 and 2025. So far, not in 2026.

The number of events attributed to space weather during 2025–26 was 

reduced by 70.25% compared to those in 2024–25. 

2024 - 2025

Events Time Series

2025 - 2026
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Impact on EGNOS monitored performance

Spain is located at the edge of the EGNOS service area ➔ Greater impact of space weather 

on performance

Greater impact during equinoxes = 

Higher degradation than reflected in 

the EGNOS SoL SDD

SoL SDD 3.4 (2021) SoL SDD 3.5 (2023) SoL SDD 3.6 (2024)
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Impact on monitored performance

Availability below 99% at some airports.

Continuity risk not meeting the SDD commitment at 

many airports.

EGNOS APV I Availability (2023)

EGNOS APV I Continuity (2023)
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Impact on LPV procedures

ESSP

Declares contingency situations → Publication of EGNOS Warning NOTAM

From February 2022 to April 2025, contingency situations affected GCRR, GCLA, LEAM, 

LECH, LEJR and LEVC for a total of 45 weeks.

ENAIRE 

Weekly reporting and monitoring of EGNOS performance to AESA

Publication of operational circulars for ATC awareness

Cancellation of LPV procedures in the Canary Islands from 30/11/2022 to 

present (SUP 201/24) (~3.5 years). 

Difficulty performing validation flights for PBN implementation, requiring 

repeated attempts to find periods with better EGNOS performance.

Limited operational impact so far, due to the low percentage of SBAS-equipped 

users and the availability of alternative means.
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What ANSPs need from space weather services

Localised impact estimations for GNSS-based aviation services to notify airspace users, in 

a timely manner, about predicted or observed space weather events with potential impact on 

aviation.

Spatial resolution suitable for airport or regional decision-making to take appropriate 

mitigation actions upon space weather events (aircraft descents, alternative routes, 

alternative CNS means, application of delays). At least 2.5-degree resolution for latitude & 

longitude should be targeted.

Short-term forecasts with uncertainty to take mitigation actions.

Clear distinction between observed and forecast events.

Translation from SWX parameters to operational GNSS performances.

Better support for NOTAM/operational decision processes (events lasting 15 min or longer).
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Conclusions

For ANSPs, the key problem is translating ionospheric activity into 

operational impact: availability, continuity and procedure usability.

The operational consequence is not theoretical: it can affect LPV 

availability, procedure publication, validation flights and 

contingency management.

What we need from the space weather community is not only 

indexes, but impact-oriented products that support operational 
decisions.
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ICAO space weather advisories at ENAIRE
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ICAO space weather advisories at ENAIRE
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Impact on LPV procedures

GCRR. LPV WEF (29/05/2019)

29 weeks under contingency until procedure cancellation

~3.5 years with the procedure cancelled

GCLA. LPV WEF (14/07/2022)

17 weeks under contingency until procedure cancellation 

~3.5 years with the procedure cancelled

GCTS. LPV WEF (05/10/2023)

Cancelled immediately after publication 

~3.5 years with the procedure cancelled

GCXO LPV WEF (03/10/2024)

Cancelled immediately after publication 

~3.5 years with the procedure cancelled

GCLP. LPV WEF (05/09/2024)

Cancelled immediately after publication  

~3.5 years with the procedure cancelled

LEJR. LPV WEF (02/12/2021)

14  weeks under contingency

LEAM. LPV WEF (25/05/2017)

7 weeks under contingency

LEVC. LPV WEF (01/02/2018)

5 weeks under contingency

LECH. LPV WEF (21/04/2022)

5 weeks under contingency
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