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• 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

World Meteorological Organization

Vision and mission
WMO provides world leadership and expertise in 

international cooperation in the delivery and 
use of high-quality, authoritative weather, climate, 
hydrological and related environmental services 

by its Members, for the improvement of the well-
being of societies of all nations.
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World Meteorological Organization
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http://www.wmo.int/pages/prog/sat/index_en.php
•OSCAR/Requirements (Observing Requirements Database) 
•OSCAR/Space (Satellite & Instrument Database) 
•Satellite Status list 
•Satellite User Readiness Navigator (SATURN)
•Product Access Guide (PAG) 
•Virtual Laboratory for Education and Training in Satellite Meteorology (VLAB)
•Working Documents for Meetings

WMO Space Programme
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The WMO Space Programme has 4 main components 
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- WMO Space Programme’s objectives are to be 
achieved through strong partnership with CGMS
and co-sponsoring international science groups: 
ITWG, IWWG, IPWG, IROWG and ICWG

- CGMS is a technical coordination body of satellite 
operators including space agencies focusing 
primarily on weather and climate satellite 
programmes in response to WMO requirements.

Coordination Group for Meteorological 
Satellites (CGMS)
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(http://www.cgms-info.org/index_.php/cgms/members_observers)
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International Radio Occultation Working Group (IROWG)
IROWG was established as a permanent Working Group of CGMS in 
2009, co-sponsored by CGMS and WMO. The IROWG serves as a forum 
for operational and research users of radio occultation data.  IROWG has 
in particular been set up to further exploit radio occultation data.

IROWG Co-chairs: Ulrich Foelsche (University of Graz) and Sean 
Healy (ECMWF)
IROWG Rapporteur: Anthony Mannucci (NASA JPL)

http://irowg.org/
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Importantce of GNSS-RO

 NWP: NRT Temperature/Humidity information
 Bending angles or refractivity profiles
 Vertically resolved
 High impact per observation 
 No significant instrumental bias 

 Climate : Climate Data Records 
 Benchmark observations that can supplement the GCOS Reference 

Upper-Air Network  (GCOS Implementation Plan) as a consequence 
of its calibration free nature

 Space Weather : Total Electron Content for Ionosphere 
Monitoring 
 Stringent timeliness constraint
 Need to scan up to > 100 km

FSO : ECMWF, June 2011
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Operational RO Satellites

 FY-series is a new GNSS RO instrument

 COSMIC-2/FORMOSAT-7 covers up to 40 degrees latitude

 COSMIC-2 Polar provides 6 satellites with global coverage

Large gap looming 
at latitudes > 40°

13th European Space Weather Week, 14-18 November 2016, 
Oostende, Belgium

-Contribution of WMO to Space Weather

-WMO’s Integrated Global Observation System 
(WIGOS) Vision/Space 2040 

-Oscar/Space Version 2
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-Contribution of WMO to Space Weather

-WMO’s Integrated Global Observation System 
(WIGOS) Vision 2040 

-Oscar/Space Version 2
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WMO Space Weather

There is an increasing societal demand for space weather services as a 
result of growing dependence on technologies impacted by space weather:

- air navigation on polar routes exposed to space 
weather events

- fleet of satellites used operationally for 
telecommunication, broadcasting, observation or 
positioning

- use of satellite-based navigation and timing signals 
that are affected by ionospheric disturbances

- electric power grids that are exposed to 
geomagnetically induced currents

13th European Space Weather Week, 14-18 November 2016, 
Oostende, Belgium
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- In 2014, CGMS decided to include objectives related to 
space weather monitoring into its multi-year High-Level 
Priority Plan (HLPP) and agreed on Terms of Reference 
for CGMS Space Weather Activities. 

- It is anticipated that CGMS will soon extend the scope of 
its activity towards space-based observation of space 
weather variables.

- Space Weather Task Team (SWTT) was organized to 
define the methodology for the implementation of space 
weather into CGMS

- Chair: Suzanne Hilding (NOAA) / Rapporteur: Elsayed 
Talaat (NASA)

WMO Space Weather
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CGMS-44 ACTIONS - SWTT
Actionee AGN 

item
Action # Description Deadline Status HLPP 

ref
SWTT A44.01 SWTT to conduct a workshop with leadership 

from the various space weather communities 
that will benefit from CGMS coordination of 
space-based space weather observing 
systems.

15 Dec 2016 OPEN 5.2.1

SWTT 
members

A44.02 Members of SWTT review the current WIGOS 
2040 vision to ensure inclusion of necessary 
space weather observations.

15 Dec 2016 OPEN 1.1.7

SWTT A44.03 (From WGIII): SWTT members wishing to 
participate in the SETT activities are invited to 
participate in the SETT activities, and should 
provide their contact information to the SETT 
accordingly  (Charles.wooldridge@noaa.gov).

1 Jul 2016 OPEN 4.1.1

SWTT

WMO’s Contribution to Space Weather
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- In June 2008, the 60th WMO Executive Council (EC-
60) acknowledged the potential synergy between 
meteorological and Space Weather services to 
operational users.

- EC-60 agreed that WMO should support 
international coordination of Space Weather 
activities and urged WMO Members to provide 
corresponding resources through secondments 
and Trust Fund donations.

- The establishment of the Interprogramme 
Coordination Team on Space Weather (ICTSW) 
was approved by EC-61 in 2010. 

WMO Space Weather

Establishment of ICTSW
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- The ICTSW has two co-chairs nominated by WMO 
Commission for Basic Systems (CBS) and WMO Commission 
for Aeronautical Meteorology (CAeM) respectively.

- Co-chairs: Dr. T. Onsager (NOAA) and Dr. X. Zhang (CMA) 
- The team works primarily by teleconferences and holds one 

or more face-to-face meetings per year. 
- As of April 2016, it involves experts from 26 WMO Members, 

and several international organizations: European Union 
(EU), the International Civil Aviation Organization (ICAO), the 
International Space Environment Service (ISES), the 
International Telecommunications Union (ITU) and the Office 
of Outer Space Affairs (OOSA).

WMO Space Weather
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-Standardization and enhancement of Space Weather data 
exchange and delivery through the WMO Information System 
(WIS)
-Harmonized definition of end-products and services, including 
e.g. quality assurance guidelines and emergency warning 
procedures, in interaction with aviation and other major application 
sectors
-Integration of Space Weather observations, through review of 
space- and surface-based observation requirements, 
harmonization of sensor specifications, monitoring plans for 
Space Weather observation
-Encouraging the dialogue between the research and 
operational Space Weather communities.

ToR for ICTSW

WMO Space Weather
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- formulation of the “Observation Requirements”,
- drafting the “Statement of Guidance” on space 

weather observation, 
- establishment of a “Space Weather Product 

Portal”,
- supporting CAeM to review the ICAO concept of 

future space weather services to aviation.

WMO Space Weather

Initial Achievements of ICTSW
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- The 17th World Meteorological Congress (Cg-17) in 
2015 agreed that WMO should undertake 
international coordination of operational space 
weather monitoring and forecasting.  In providing a 
global intergovernmental framework, WMO would 
facilitate international commitments and enable the 
establishment of operational space weather 
services, in particular in the context of the 
support to the International Civil Aviation 
Organization (ICAO).

Transition from ICTSW to IPT-SWISS
WMO Space Weather
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- Cg-17 requested that space weather observations 
be integrated into the WMO Integrated Global 
Observing System (WIGOS), and requested CAeM 
and CBS to consider existing responsibilities, working 
mechanisms, expert teams and integration within 
relevant WMO programmes in finalizing a draft 
“Four-year Plan for WMO Coordination of Space 
Weather Activities (the Plan)“.

Transition from ICTSW to IPT-SWISS
WMO Space Weather
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- The 68th Executive Council (EC-68) in 2016 
approved the Plan, and requested CAeM and 
CBS to establish IPT-SWISS with the Terms of 
Reference defined in the Plan.

- EC-68 called for Members to support the 
implementation of the Plan with participation of 
experts, “in-kind contributions” and contributions 
to the “Space Weather Trust Fund”.

WMO Space Weather
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- EC-68 requested the Secretary-General to take 
appropriate actions to support the activities 
identified in the Plan in partnership with relevant 
organizations such as the International Space 
Environment Service (ISES), as well as national 
and international agencies, and to submit to the Cg-
18 a report on the achieved results and a proposal 
for future actions in this domain.

WMO Space Weather

13th European Space Weather Week, 14-18 November 2016, 
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- Integration of Space Weather observations, through review of space- and 
surface-based observation requirements, harmonization of space-based 
sensor specifications, monitoring plans for Space Weather observations;

- Standardization and enhancement of Space Weather data exchange and 
delivery through the WMO Information System (WIS);

- Coordinating the development of WMO Space Weather best practices for 
end-products and services, including e.g. quality assurance guidelines and 
emergency warning procedures, in collaboration with aviation and other 
major application sectors;

- Encouraging the dialogue between the research and operational space 
weather communities;

- Organization of capacity building, training and outreach activities 
towards WMO Members and space weather potential users;

- Provision of guidance to WMO Members and programmes on space 
weather matters, and conduct appropriate actions as requested by 
CBS and CAeM.

ToR for IPT-SWISS

WMO Space Weather
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- Organization of capacity building, training 
and outreach activities towards WMO 
Members and space weather potential users;

- Provision of guidance to WMO Members and 
programmes on space weather matters, and 
conduct appropriate actions as requested by 
CBS and CAeM.
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-Space weather basic systems, including issues 
related to observation techniques and networks, data 
managements and exchange, data centers, and 
space climatology

-Space weather science, including issues related to 
modelling, model evaluation and verification, 
interaction with climate, and transition from research 
to operations

-Space weather application, including requirements 
evaluation, the delivery of services, capacity building 
and user interaction

A working structure for IPT-SWISS
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Figure 1: Relationship of IPT-SWISS to WMO Programmes and to 
external groups (from the Four-Year Plan) 

WMO Space Weather
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-Contribution of WMO to Space Weather

-WMO’s Integrated Global Observation 
System (WIGOS) Vision/Space 2040 

-Oscar/Space Version 2
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Polar and geo platforms / instruments for space weather

Solar imagery
Particle detection
Electron density

Solar radiation storms, high-energy particle rain, 
ionospheric and geomagnetic storms, radio black-out by 
X-ray photons

Additional operational missions in appropriate orbits (classical polar-orbiting, 
geostationary, others)

Radio occultation 
constellation – at least 8
receivers

Atmospheric temperature and humidity; ionospheric 
electron density

Vision/Space for The GOS in 2025
( Adopted by EC-61 in June 2009)

WMO’s Integrated Global Observation System (WIGOS) Vision/Space 2040 

- to ensure that the future GOS serves the needs of climate monitoring and 
other WMO programmes in addition to the historical objective of supporting 
weather forecasting, 
- to optimize the GOS taking into account updated user requirements and 
recently demonstrated observing capabilities that could be operational by 
2025.
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WMO’s Integrated Global Observation System (WIGOS) Vision/Space 2040 

- The Vision/Space of GOS in 2025 developed 
in 2007-2008 needs updating
- A long-term perspective is needed to support 
satellite agency planning 

13th European Space Weather Week, 14-18 November 2016, 
Oostende, Belgium



15

New Vision for Space-based Observation in 2040

• 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 temperature, humidity and electron density

Component I 
Operational

fixed

• 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)

Component  II 
Operational 

flexible

• 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
• Additional RO constellation for enhanced atmospheric/ionospheric

soundings including use of  optimized frequencies

Component  III 
Pathfinders or 

technology 
demonstration

13th European Space Weather Week, 14-18 November 2016, 
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WMO’s Integrated Global Observation System (WIGOS) 2040 

WMO will encourage users to raise issues to be discussed 
for Vision/Space with reference to the current system

A proposed description for the radio-occultation is as follows;

“the radio-occultation technique can also be generalized, in 
using additional frequencies (beyond the current L1, L2 and L5 
GPS frequencies) to maximize the sensitivity to atmospheric 
variables, and monitoring more systematically the ionosphere 
including ionospheric scintillation.”

- What should be added ?
- What is at risk and should be reinforced ? 
- What should be improved (performance, coverage) ? 
- What could be performed differently in the future ? 
- What are the major challenges? 

The Vision, to be developed and finalized by 2018 
in WMO Secretariat by reflected comments

13th European Space Weather Week, 14-18 November 2016, 
Oostende, Belgium
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-Contribution of WMO to Space Weather

-WMO’s Integrated Global Observation System 
(WIGOS) Vision 2040 

-Oscar/Space Version 2

13th European Space Weather Week, 14-18 November 2016, 
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OSCAR/Space: oscar.wmo.int/space

Observing System Capability Analysis and 
Review tool (OSCAR) developed/maintained 
by WMO

3 components:
- OSCAR/Requirements (2012)
- OSCAR/Space  (2012)
- OSCAR/Surface  (2016)

OSCAR/Space
>1100 page visited per day
Version 2  deployed in Sept 2016

13th European Space Weather Week, 14-18 November 2016, 
Oostende, Belgium
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(1) Factual information content
 Name, purpose

 Mass, power

 Orbit  (type, alt, ECT, longitude)

 Launch date, end date, status

 Data access, telecom frequencies
Satellite

Programme

Agency

Instruments • Name, purpose

• Mass, power

• Type, description, scan mode

• Resolution, FOV,  coverage

• Status

• Spectral characteristics

Payload status
• Instrument status, dates

• Link to calibration events

13th European Space Weather Week, 14-18 November 2016, 
Oostende, Belgium

Satellite Programmes:
ISRO, active programmes 

Example Satellite ScatSat-1

13th European Space Weather Week, 14-18 November 2016, 
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Satellite: ScatSat-1
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GOES-R  satellite
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Payload status, Calibration events
Example: Metop-A

MHS 
degradationhttp://www.eumetsat.int/website/home/Data/Products/Calibration/Instrumentstatusandcalibration/index.html#metopamhs

Landing Pages 
maintained by the 
satellite operators

13th European Space Weather Week, 14-18 November 2016, 
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Information for Frequency Management
Filter C band range



20

(2) Assessments: 
mapping instruments to variables

 Which variables can be measured with a given 
instrument?

 Which instruments can measure a given 
variable?
…and during which period of time ?
=> Gap analysis

13th European Space Weather Week, 14-18 November 2016, 
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Instrument-variable mapping principle

Required 
instrument 
specifications:

Spectral bands

Bandwidth

# of channels

Polarization

Scanning mode

Etc..

XX

X

X

X

X

XX

X

X

X

X
X

XX

X

Variable 3

Variable x

Variable 2

Variable 4

Variable y

Variable 1

XX

X

X

X

X

XX

X

X

X

Objective 
Transparent
Open
Maintainable

X
X

XX

X

13th European Space Weather Week, 14-18 November 2016, 
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Instrument: ASCAT
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Relevance First step towards a Gap analysis 

13th European Space Weather Week, 14-18 November 2016, 
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Orbit towards a Gap Analysis 

13th European Space Weather Week, 14-18 November 2016, 
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Instrument : Rapid
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Instrument : Rapid  (2)
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Instrument : Rapid (3)
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First step towards a Gap Analysis: 
Alpha particles differential directional flux

Relevance

13th European Space Weather Week, 14-18 November 2016, 
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Technical Configuration of OSCAR/Space

 MySQL database

 REST interface (for export to external sites)

 Machine-to-machine interface currently not 
activated

 CakePHP framework

 Drupal instance, hosted by external provider 

 Metadata consistency  with WIGOS/WIS core 
profile 
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User Engagement

 > 1100 page visits / day

 Community resource

 Many operational users

 Beta-testing of v2.0 in May-June 2016 with strong 
user participation

 Not all suggestions yet implemented 

 Feedback: sat-help-desk@wmo.int

Maintenance and Support: Outlook 

Two main tasks:
(1) Updating facts
(2) Keep under review assessments, functions, rules, 
interfaces

Under supervision of WMO CBS expert teams, 
and consistent with overall OSCAR development, 

WMO Space Programme Office plans to establish:
- OSCAR/Space Support Team ( for task 1)
- OSCAR/Space Science and Technical Advisory Team ( for 
task 2)
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Maintenance and Support Concept for 
OSCAR/Space v2.0

WMO Spae Programme

Support Team 
- Space agency, satellite 
operator focal points 
(CGMS, …)

- Key users

- Other partners, website 
authors

“Space enthusiasts”

Science and Technical Advisory
Team

- Space agency, satellite operator focal points (CGMS,.. )

- Instrument experts

- International Science Working Groups  FPs (ITWG –
Sounding, IWWG – Winds, IPWG – Precipitation, IROWG 
– Radio Occultation, ICWG – Clouds)

- Oceans FPs: JCOMM, GHRSST, IOCCG, OSVW, …

- Atmospheric chemistry FPs: GAW, ACC

- Other EO science groups FPs, Space weather FPs

- CBS expert team focal points

- “Space enthusiasts”

ET-SAT IPET-SUP IPT-SWISS

OSCAR/Space
Project Board 

CBS

 OSCAR/Space is a reference community resource on 
satellite programmes, instruments, and the variables they 
can observe

 New version 2.0 in now available online

 Encompassing satellites for weather, climate, ocean, EO

 Space weather part under development

 Transparent gap analyses and assessments (rules to be 
kept under review)

 WMO welcomes user feedback, for further improvements

 The maintenance challenge: 
WMO will need community engagement for supporting 
and advising on OSCAR/Space

 Establishment of the maintenance and support 
structure underway

Conclusuion for OSCAR/Space v2.0
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Contact Details

 OSCAR/Space : 
http://oscar.wmo.int/space

 User feedback
sat-help-desk@wmo.int

 For your engagement, please contact WMO:

Toshiyuki Kurino
Stephan Bojinski

References

 OSCAR/Surface: http://oscar.wmo.int/surface

 OSCAR/Requirements: https://www.wmo-
sat.info/oscar/observingrequirements

 WMO Space Programme: http://www.wmo.int/sat

 WMO Vision for the Global Observing System in 2025



28

Questions:
tkurino@wmo.int

7L30

13th European Space Weather Week, 14-18 November 2016, 
Oostende, Belgium


