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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

7 - 0 i i

Nl

Space Weather as a Global Challenge, 4 April 2016 2



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

e
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Ensuring interoperability and standardization
Coordinating a response to ICAO requirements




Inter-Programme Coordination Team on Space Weather

o Established in 2010

« Experts from 26 states and 7 International Organizations

e Co-chairs Dr T. Onsager
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Existing Space Weather Forecast Centres (1)
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Existing Space Weather Forecast Centres (2)
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Royal Observatery of Beigium. The SIOC
Warning Center Brussers for space weatner forecasting.

Pross release - May 06, 2015: Extreme Space Weather: flares (NL-FR-EN)
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"ME associated with M8.7/2B flare observed by SOHO/LASCO-C3(ESA&NASA)




Existing Space Weather Forecast Centres (3)
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WMO FOUR-YEAR PLAN FOR
SPACE WEATHER (2016-2019)



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)

Strategic level (3.7) COORDINATION, COMMUNICATION AND ADVOCACY

(3.2) BEST PRACTICES
(3.1) SERVICE _ for products & services to: (3:3) TRAINING &
REQUIREMENTS |l | Aviation | M CAPACITY BUILDING

Review user needs l GNSS and radiocommunfcation |

Feasibility analysis Ground infrastructure design & New prowiders
Demonstration operations (incl. power grids) New users
Prioritization New products

Spacecraft design & operations

Products &
services level

Disaster risk management

(3.4) OBSERVATION (3.5) DATA MANAGEMENT (3.6) SCIENCE
* Gap analysis * Data formats * Analysis/forecasting
* Prioritization * Metadata standards *  Model evaluation
* Coordination * Data exchange * Research-to-Operations
+ Standardization * Interaction with
weather/climate
System level
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Systems Level Activities

Coordinate observational assets and plans to
ensure continuity and interoperabllity 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
lonospheric 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



WMO Integrated Global Observing System components
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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

- lonosphere

- Near real time data availability

ko
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WMO

Qverview: Space Weather

Description

‘Corresponding Institution

i Observing Requirements
N T# Database

WMO-ISES

Contact
Person

Terry Onsager

Variables measured in this Applicatic|

Cosmic ray neutron flux density, Electron flux density g

energy and mass spectrum, H

image, hm

Radig

tion, lonaspheric Scintillatiof

flux density energy spectrum, Solar Call-K image, Sol

emission, Solar white lightimage, Solar wind density,

(Spread F), Vector magnetic field, Wide-anale solar col

I REQUIREMENTS DEFINED FOR SPACE WEATHER (40) ] Exmortto Excal

Id « Variable b

[ [ o o e o o
i R R I S
=B R EEBE B RB

Cosmic ray neutron flux density

Layer &

Uncertainty Goal

Surf-Earth 5 (%)

Electron flux density energy spectrum

Electron flux density energy spectrum

Electron flux density energy spectrum

Electron flux density energy spectrum

foEs

foF2

hE

Heavy ion flux density energy and mass
spectrum

Heawy ion flux density energy and mass
spectrum

Heavy ion flux density energy and mass
spectrum

Meo

5%
5%
5%
5%
0.05 MHz.
0.05 MHz.
1km

0.05 (cmZ 550 Me\h'nuc)"
0.05 (cmZ 550 Mevmuo)"

0.05 (cmZ 550 Me\h'nuc)"

% Uncertainty Thresh

25 (%)
25%
25%
25%
25%
0.2 MHz
0.2 MHz
10 km

025 [‘:m2 ssr Mevmu:)"
025 [‘:m2 ssr Mevmu:)'1
025 [‘:m2 ssr Mevmu:)"

025 (cm? s st MeVinucy”

HR HR

Goal ~ Thresh
1000 km 5000 km
45 degrees 180 degrees
45 degrees 180 degrees
45 degrees 180 degrees
degrees degrees
100 km 500 km
100 km 500 km
100 km 500 km

45 degrees 180 degrees

45 degrees 180 degrees

45 degrees 180 degrees

360 360 degrees

RE
" Goal

A
MIA
A
MIA
A
MIA
A
MIA
A

MIA

A

RUA

587 Hea&‘ ion flux density energy and mass

Helio 0.05 (em? s st Mevinucy”

http://www.wmo-sat.info/oscar/applicationareas/view/25
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WMO Vision for Space-based Observation in 2040 (in progress)

« Solar coronagraph and radio-spectrograph, at L1

Tier | * In situ plasma, energetic particles, magnetic field (at L1 in solar wind, and GEO)
operational * In situ plasma, energetic particles at LEO
 GNSS radio-occultation for temperatire, humidity and electron density

« 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)

Tier |l « Solar coronagraph and heliospheric imager off the Earth-Sun line (e.g. L4, L9)
operational » 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

Solar coronal magnetic field imager, solar wind beyond L1
lonosphere/thermosphere spectral imager (e.g. GEO, HEO, MEO, LEO)
lonospheric electron and major ion density,

Tier Il
Pathfinders
technology

demo * Thermospheric neutral density and constituents
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SPACE WEATHER SERVICES TO
INTERNATIONAL AIR NAVIGATION



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.ll)

Meteorological information and volcanic ash advisories
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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

— lonizing 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




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

OACH o
SR
‘:-& == METEOROLOGY pAtﬂELﬂ_*

You

Concept of Operations

for

Space Weather Information

in Support of

International Air Navigation

and
Consistent with the
Global Air Navigation Plan
And the
Aviation System Block Upgrades

pRAFY

Version 4.0
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DISASTER PREPAREDNESS



Disaster preparedness
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dentify SWx in national risk registers
ulti-hazard early warning schemes
reparedness for cascading disasters

oster 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



Thank you
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Questions:
jlafeuille@wmo.int
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