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World Meteorological Organization 

• Specialized agency of the United Nations 
for meteorology (weather and climate), 
operational hydrology 
and related geophysical sciences. 

 

• 191 Members (States and Territories) 

• Based in Geneva, Switzerland 
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Key Decisions of WMO Members 

• 2011:  “a coordinated effort by Members is needed 
to protect against the global hazards of Space Weather” 

• 2015: “ to engage in international coordination of 
operational space weather monitoring and  
forecasting with a view to support the protection  
of life, property and critical infrastructures and the 
impacted economic activities.”  
 

• Enable Members to establish operational space weather services  

• Sharing observation data and products, and best practices 

• Ensuring interoperability and standardization 

• Coordinating a response to ICAO requirements  
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Priority 



• Established in 2010   

• Experts from 26 states  and  7 International Organizations 

• Co-chairs Dr T. Onsager (NOAA) and Dr X. Zhang (CMA) 
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Inter-Programme Coordination Team on Space Weather 
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Existing Space Weather Forecast Centres (1) 

Bureau of Meteorology(Australia) 

CMA(China) 

CSWFC (Canada) 

Institute of Applied Geophysics (Russia) 

Solar Influences Data Analysis Center, ROB (Belgium) 

NOAA (USA) 

Met Office (UK)  

INPE (Brazil) 

NICT (Japan) 

Radio Research Agency (R. Korea) 

DLR (Germany) 

Aviation and Space Weather, International 
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Existing Space Weather Forecast Centres (2) 

Bureau of Meteorology(Australia) 

CMA(China) 

CSWFC (Canada) 

Institute of Applied Geophysics (Russia) 

Solar Influences Data Analysis Center, ROB (Belgium) 

NOAA (USA) 

Met Office (UK)  

INPE (Brazil) 

NICT (Japan) 

Radio Research Agency (R. Korea) 

DLR (Germany) 

Aviation and Space Weather, International 
Forum, Paris, 17 March 2016 
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Center for Space Research (Poland) 



Existing Space Weather Forecast Centres  (3) 

Bureau of Meteorology(Australia) 

CMA(China) 

CSWFC (Canada) 

Institute of Applied Geophysics (Russia) 

Solar Influences Data Analysis Center, ROB (Belgium) 

NOAA (USA) 

Met Office (UK)  

INPE (Brazil) 

NICT (Japan) 

Radio Research Agency (R. Korea) 

DLR (Germany) 

Aviation and Space Weather, International 
Forum, Paris, 17 March 2016 
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WMO  FOUR-YEAR PLAN FOR  
SPACE WEATHER  (2016-2019) 

Future plans: 
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Four-Year Plan in Support of International Coordination of  
Operational Space Weather Monitoring and Forecasting   

(Submitted to Exec Council in June 2016 for approval, per request from WMO Congress) 
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Systems Level Activities 

• Coordinate observational assets and plans to 

ensure continuity and interoperability of space 

weather observations 

•  Take advantage of integration of meteorological 

and space weather observations where relevant 

•  Support information exchange through the WMO 

Information System (WIS) framework, standards, 

practices, policies 

•  Dialogue with meteorological/climate community 

on modeling and verification  
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Service Level Activities 

• Organize WMO Members to deliver coordinated 

services responding to ICAO requirements 

 

•  Prepare for extreme events in a multi-hazard 

Disaster Risk Reduction approach 

 

•  Analyze requirements for applications including 

ionospheric disturbances (radio propagation 

and GNSS), satellite operations, and ground 

infrastructure (power grids) 

 

•  Provide training on delivery and use of services 
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SPACE WEATHER OBSERVATION 

Key activity area 1: 
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Weather stations 

satellites 

Ships Aircrafts 

WMO Integrated Global Observing System components 



http://www.wmo-sat.info/oscar/applicationareas/view/25  

International Space Weather 
Observing Requirements 

•  Observing requirements are 

documented in a database and kept 

under review  

• Addressing operational applications 

(alerts, warnings and forecasts) and 

climatology needs 

• Basis for gap analysis and issuing a 

“Statement of Guidance” for future 

observations e.g.: 

-  Sun and solar wind 

-  Ionosphere 

-  Near real time data availability 
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WMO Vision for Space-based Observation in 2040 (in progress) 

• Solar coronagraph and radio-spectrograph, at L1 

• In situ plasma, energetic particles, magnetic field  (at L1 in solar wind, and GEO) 

• In situ plasma, energetic particles at LEO 

• GNSS radio-occultation for temperatire, humidity and electron density 

Tier I 
operational 

• Solar EUV/X-ray imager, magnetograph, EUV/X-ray irradiance,  
on the Earth-Sun line (e.g. L1, GEO)  and off the Earth-Sun line (e.g. L5, L4) 

• Solar coronagraph and heliospheric imager off the Earth-Sun line (e.g. L4, L5)  

• Solar wind plasma, energetic particles & magnetic field off Earth-Sun line (e.g. L5) 

• Magnetospheric energetic particles (e.g. GEO, HEO, MEO, LEO) 

• Enhanced RO constellation for atmospheric/ionospheric soundings 

Tier II 
operational 

• Solar coronal magnetic field imager, solar wind beyond L1  

• Ionosphere/thermosphere spectral imager (e.g. GEO, HEO, MEO, LEO) 

• Ionospheric electron and major ion density,  

• Thermospheric neutral density and constituents 

Tier III, 
Pathfinders 
technology 

demo 

Space Weather as a Global Challenge, 4 April 2016 15 



SPACE WEATHER SERVICES TO 
INTERNATIONAL AIR NAVIGATION 

Key activity area 2: 
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Support to global air navigation 

• WMO together with the International Civil Aviation Organization (ICAO)  
establish the regulatory framework for meteorological service for international 
air navigation (ICAO Annex 3 and WMO Technical Regulations, Vol.II) 

• To contribute to safety, efficiency and regularity of the air transport 

• Organizing/standardizing: observation, warnings, forecast, delivery, quality 
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Meteorological information and volcanic ash advisories  



 Space weather services to aviation 

• Space environmental parameters have critical impact 

– Disruption of radio-communication  

– Degradation or loss of GNSS capability 

– Radiation damage to avionics 

– Ionizing radiation dose to crew/passengers 

 

• Monitor these hazards to support  decision making to minimize the risk : 

   Alert, Warning, Forecast  

   When ? How long ? Where ? How severe  (in standard scales)? 

• Multiple, cross-border users require a global, consistent service 

Space Weather as a Global Challenge, 4 April 2016 18 



Collaboration with ICAO on the definition  
of  space weather services to global aviation 

• Concept of Operations 
(CONOPS) is being refined 

• Requirements are being 
developed 

 

• Aiming at amendment #78 to  
ICAO Annex 3 to enter in force 
in Nov 2018 
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DISASTER PREPAREDNESS 

Key activity area 3: 
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Disaster preparedness 

• Identify SWx in national risk registers 

• Multi-hazard early warning schemes 

• Preparedness for cascading disasters 

• Foster common best practices  
(hazard scales, data exchange) 
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Concluding remarks 

• «Space Weather» is a science in progress but routine 
operational services are delivered by centres around the world, 
to respond to the needs of an increasingly vulnerable society 

• International coordination is required to strengthen 
observations and data exchange, expand best practices and 
ensure interoperability and standardization 

• Support to aviation is among the priority objectives for WMO 
through ICAO-WMO longstanding collaboration  

• Benefits : improved services, leveraging the capability of 
existing centres, sharing observation/development efforts 

• WMO provides collaboration framework for its Members to 
pursue these goals in synergy with weather/climate services 
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Thank you 
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Questions: 
jlafeuille@wmo.int 


