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Design and Evolution of WIGOS
• Earth System modelling is key
• Driven by the Rolling Review of Requirements (RRR) process

See https://community.wmo.int/rolling-
review-requirements-process

https://community.wmo.int/rolling-review-requirements-process


• Describes the space- and surface based 
observing networks we desire to 
operate by 2040

• The space-based component consists 
of four subcomponents:
1. Backbone system with specified 

orbital configuration and 
measurement approaches

2. Backbone system with open orbit 
configuration and flexibility to 
optimize the implementation

3. Operational pathfinders, and 
technology and science 
demonstrators

4. Additional capabilities (e.g. 
contributions by commercial 
operators)

See https://community.wmo.int/vision2040

WIGOS 2040 Space Component

https://community.wmo.int/vision2040


Description of the space-based observing 
system components

A future space-based observing system will rely on proven 
geostationary and low-Earth orbit 
(LEO) sun-synchronous constellations and will include:
(a) Highly elliptical orbits providing permanent coverage to the 
polar regions;
(b) LEO satellites with a low or high inclination for a 
comprehensive sampling of the global 
atmosphere;
(c) Lower-flying platforms, for example, platforms with small 
satellites serving as gap fillers or 
platforms that are specially designed for specific missions; and
(d) Constellations, including low-cost CubeSats.



Description of the space-based observing 
system components

Subcomponent 1: Backbone system with specified orbital configuration and measurement 
approaches: 
• This subcomponent shall provide the basis for Members’ commitments and should respond to 

their vital data needs,
• It shall build on the current CGMS baseline (CGMS Baseline — Sustained contributions to the 

Global Observing System)
• Sun-synchronous core constellation satellites in three orbital planes (morning, afternoon, early 

morning)
• Sun-synchronous satellites at three additional equatorial crossing times for improved 

robustness and improved time sampling, particularly for monitoring 
precipitation/Instruments on other satellites in LEO

• Global Navigation Satellite System (GNSS) radio occultation (basic constellation)
– Atmospheric temperature and humidity; ionospheric electron density; zenith ionospheric 

total electron content; total precipitable water

Subcomponent 2: Backbone system with open orbit configuration and flexibility to optimize 
implementation: 
• GNSS reflectometry (GNSS-R) missions; 

– Surface wind and sea state;



Description of the space-based observing 
system components

Subcomponent 3: Operational pathfinders and technology and science 
demonstrators: 
• GNSS radio occultation

– additional constellation for enhanced atmospheric/ionospheric soundings 
(including polarimetric), including LEO-LEO radio occultation for additional 
frequencies  optimized for atmospheric sounding

– Atmospheric temperature and humidity; precipitation detection; ionospheric 
electron density; zenith ionospheric total electron content; total precipitable 
water

Subcomponent 4: Additional capabilities: 
• GNSS radio occultation

– Atmospheric temperature and humidity; precipitation detection; ionospheric 
electron density; zenith ionospheric total electron content; total precipitable 
water



CGMS Baseline
RESEARCH TO OPERATIONS AND EMPLOYING RESEARCH MISSIONS
The CGMS Baseline focuses on satellite missions that are provided on an operational 
and sustained basis. This does not preclude the use by CGMS members of other 
missions undertaken on a research or experimental basis (e.g. to demonstrate a 
specific capability). 
Research and experimental missions support the CGMS Baseline by:
• Supplementing the CGMS Baseline observations.
• Providing a pathway for new sensors and observations to be added to the CGMS 

Baseline as future operational missions.
• Supporting contingency operations in the case of a gap in the CGMS Baseline. 

Sensor 
Type

ORBIT Observations Attributes

Radio 
Occultation

LEO Atmospheric 
temperature and 
humidity, 
Ionospheric Electron 
Density 

Minimum 6000 occultations from low 
inclination orbits (<30°) distributed 
geographically and temporally in local time, 
1000 occultation from other drifting orbits, 
and 7600 occultations from sun-synchronous 
orbits. Electron density profiles up to 500 km. 
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Working Group II on Data and Products:
Plenary is requested to take note – Recommendations

Actionee AGN 
Item

Action Description Deadline Status Priority 
Level

CGMS Members WGIIA50.04 (IROWG) All providers of RO observations 
are encouraged to classify RO data as core 
data in the sense of the WMO Unified Data 
Policy (Res. 1). Therefore, free, timely and 
unrestricted access shall be provided to 
NRT RO data and free and unrestricted 
access shall be provided to archived raw 
data (including auxiliary data)

High 
Priority

WMO and 
CGMS Members

WGIIA50.05 (IROWG) WMO and CGMS are encouraged 
to coordinate any GNSS-RO data purchases 
to ensure the current 20,000 daily target 
identified in HLPP is met with global and 
full local time coverage

High 
Priority
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Working Group II on Data and Products:
Plenary is requested to take note 

Recommendations on commercial data
CGMS-49 recommendations - WGII

Actionee AGN 
item

Rec Description

Plenary WGIIR49.09 WG II recommends that Agencies when pursuing 
data buy clearly defines all aspects of the data, e.g. 
orbits and coverage, in order to optimise the 
benefits of the data.

Plenary WGIIR49.10 WG II recommends that Agencies consider data buy 
with an option for redistributing data to global NWP 
centres.
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Add CGMS agencylogo
here (in the slide master)

Gap Analysis of the space-based observation
system capabilities

CGMS
Baseline

WIGOS Vision  
2040

User  
requirements

– CGMS Baseline (CGMS Risk
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Assessment)
• CGMS member and observers are

committed to for at least the next
decade;

– User requirements
• The needs expressed by the users  

reviewing the status of observing  
technologies (Rolling  
Requirements Review, RRR);

– The WIGOS Vision
• The projected developments of the  

WMO Integrated Global Observing  
Systems to meet long-term  
objectives of the RRR.
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1High mesospheric channels lost when SSMIS reaches EoL

EO Core Observation Orbit 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 Notes
VIS/IR Imagery GEO Gap in central Pacific until 2029
IR Sounding GEO No hyperspectral sounder over America/W. Pacific
Lightning GEO Assumes FY-4A remains in 2022
UV/VIS/NIR Sounder GEO Lose TEMPO in 2026
RadiationBudget GEO Assumes Electro-M N3 at 166E
IR Sounding LEO Only filter radiometer in 05:30 orbit
MW Sounding LEO 05:30 unclear after 2030
VIS/IR Imagery LEO 05:30 unclear after 2030
MW Imager LEO Assumes loss of DMSP in 2022?
Scatterometers LEO Lose 05:30 + 12:00 in 2030
Radar Altimeters LEO/DRIFT Note potential loss of >80N obs
IR SST/LST LEO Includes dual view in 10:00
MW SST/LST LEO Assumes CIMR flies in 2029
Strato/Meso Sounder1 LEO Assumes FY-3J in 05:30
UV/VIS/NIR Sounder LEO
Limb sounder (UV/VIS) LEO
Low frequency MW LEO Assumes CIMR flies in 2029
Rain radar LEO Relies on FY-3G/3I
Cloud radar LEO EarthCARE only mission planned
Earth Radiation Budget LEO/DRIFT Libera + 2X Meteor-M N2
Total solar irradiance LEO+
Spectral solar irradiance LEO+

Core GNSS
constellation

DRIFT

Ocean Colour LEO No 05:30 measurements
Vegetation LEO All in 10:00-11:00 orbits
High Resolution land imagery LEO
SARimagery LEO Colours Gr=L/C/X-Band, Yel=L/X-Band
Gravitometry (Drift orbits) DRIFT Gr=>3 but only laser ranging

GNSS
Reflectometry

LEO/DRIFT FY-3 + CYGNSS

Doppler wind lidar LEO
Backscatter/DIAL Lidar LEO CALIPSO+EarthCARE
AltimeterLidar DRIFT
Wide swath radar altimeter DRIFT Green=Ku/Ka/X-band Yell=Only 2 bands
Sub-mm imager LEO ICI
Limb sounder IR/MW LEO
UV/VIS/NIR spectrometer LEO Sentinel-5/5P
Multi-angle/polarisation radiom LEO 3MI+PACE
High temporal MW sounders LEO TROPICS
Shortwave scanning limb soun LEO/DRIFT OMPS, ACS
Shortwave occultation limb sou LEO/DRIFT ACS, SAGE-III, OSIRIS
Continuous polar coverage MOL Arctica, Green=3 satellites
GHG monitoring LEO 2 LEO orbits covered but need 10 to give frequent global coverage.

Definition of colours except where specified in notes
6 GEO or 3 LEO orbits covered
3/4 GEO or 2 LEO orbits covered
1/2 GEO or 1 LEO orbit covered
No GEO or LEOcoverage

Add CGMS agencylogo
here (in the slide master)

WMO, 16th May2022
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Top-Level Risk Assessment (2021)

7

Sensor 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
MicrowaveSounder

Hyperspectral Infrared Sounder

Radio Occultation
Multi-purpose Meteorological Imager

Multi-viewing, Multi-channel, Multi-polarisation imager

Lightning Mapper

Broadband Short/Long Wave Radiometer

Visible/UV Radiometer

UV Limb Spectrometer

SWIR Imaging Spectrometer

Precipitation Radar

Microwave Imager

Narrow Band Visible & Near Infrared Imager

Radar Altimetry

Scatterometer

Sub-Millimeter Ice Cloud Imager

Synthetic Aperture Radar

High Resolution Optical Imager

Coronagraph

EUVImager

X-ray Spectrograph

Energetic Particle Sensor

Magnetometer

Plasma Analyzer

Risk in the early morning orbit after FY-
3E;  no planned low-inclination RO 
observations  after COSMIC-2

Risk in the early  
morning and  
afternoon orbits  
after FY-3E and  
Oceansat-3A

Risk in the  
early morning  
orbit after FY-
3E

Risk in  
continuity  
after FY-3G  
and GPM  
Core

Risk of near-term gap until SWFO-L1 and  
GOES-U are launched

Risk of near-term gap until  
SWFO-L1 is launched
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Top-Level Risk Assessment (2022)

2027 2028 2029 2030 2031 2032 2033Sensor 2022 2023 2024 2025 2026
Microwave Sounder

Hyperspectral Infrared Sounder

Radio Occultation
Multi-purpose Meteorological Imager

Multi-viewing, Multi-channel, Multi-polarisation Imager

Lightning Mapper

Broadband Short/Long Wave Radiometer

Visible/UV Radiometer

UV Limb Spectrometer

SWIR Imaging Spectrometer

Precipitation Radar

Microwave Imager

Narrow Band Visible & Near Infrared Imager

Radar Altimetry

Scatterometer

Sub-Millimeter Ice Cloud Imager

Synthetic Aperture Radar

High Resolution Optical Imager

Coronagraph

EUVImager

X-ray Spectrograph

Low Energy Electrons & Protons

High Energy Electrons & Protons

Very High Energy Protons

Energetic Heavy Ions

Magnetometer

Plasma Analyzer
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No plans for
low- inclination 

RO  
observations  

after COSMIC-2



WMO data policy for the international exchange of 
Earth system data

International data exchange is a major purpose of WMO, WMO Convention, Art. 2b

• WMO Unified Data Policy (Res. 1) approved by WMO members

• Replacing the old Res 40 (weather), 25(hydrology) and 60 (climate)

• Adopts the following policy on the international exchange of Earth 
system data:
– As a fundamental principle of WMO and in consonance with the expanding 

requirements for its scientific and technical expertise, WMO commits itself to 
broadening and enhancing the free and unrestricted international exchange of 
Earth system data;

• Single, overarching data policy resolution emphasis on the Earth 
System: Observations, Monitoring, Prediction and Services



New WMO Unified Data Policy Resolution (Ext Congress 2021)
Key changes with respect to Resolution 40 (Cg-XI, 1995)

Resolution 40; 1995
1. Covers weather data only;
2. Two main categories of data:
- Essential (shall be exchanged);
- Additional (should be 

exchanged);
3. Specific “essential” datasets 

listed directly in Annex I to the 
resolution (with some 
reference also to RBSN);

4. “Free and unrestricted” 
exchange (term not defined in 
the Resolution);

5. Covers exchange of data 
between NMHSs

Resolution 1; 2021
1. Covers all WMO Earth system data: 

weather, climate, hydrology, ...
2. Two main categories of data:
- Core (shall be exchanged);
- Recommended; (should be 

exchanged);
3. Specifics on core and recommended

data referred to Technical 
Regulations, primarily Manuals on 
WIGOS, GDPFS;

4. “Free and unrestricted” exchange 
(term defined directly in the 
Resolution, literal interpretation);

5. Addressed to Members, but covers 
exchange of data between all 
partners, including private sector, 
academia, etc.

For some of the data types listed in Annex I to the draft data policy resolution,  detailed 
Technical Regulations already exist, but for many data types these  still need to be 
developed as requirements and agreements mature.



Specifically on satellite data in new Data Policy 
Resolution

• Vital importance of satellite data now clearly recognized. The concept of 
core satellite data is framed primarily in terms of importance to  global 
NWP.

• No specific satellite datasets are listed as neither core nor recommended 
in  current draft of policy. This is referred to the Manual on WIGOS.

• No particular position regarding provision of observational data by private  
sector 

• The policy is addressed to national governments of WMO Members and  
cannot dictate what private sector entities should or should not do

• Reflecting guidance provided by the WMO Data Conference, exchange of 
core data is considered mandatory, irrespective of data origin;



Analysis of current and near future measurement capabilities

• An analysis of the current and near future 
measurement capabilities of the CGMS members 
meteorological satellite programmes was carried 
out

• Based on WMO OSCAR/Space, Vision 2040 for 
WIGOS, NWP Position Paper and other material as 
a reference aiming to capture user perspective

• Aim is to capture a user perspective
– Based on measurement type

• Document for current core measurement 
capabilities of CGMS members was prepared

– GEO measurements capability
– Polar orbiter measurements capability
– Space weather

• Analysis was consolidated with WMO Expert Teams



Defining Core and Recommended satellite data for 
international data Exchange

• WMO has nominated a Data Policy Coordinator (Sue Barrell) 

• Space Agencies have been invited to the bilateral discussions with 
WMO. Noting that:

– It may not be in the mandate for all Agencies to commit to 
everything in the WMO analysis

– They may need to consult stakeholders (which may take 
time)

• Definition of core data does not imply commitments on:
– Technical implementation
– Protocols
– Quality

• Seek endorsement by INFCOM 2

• Consolidated commitments to be tabled in WMO WIGOS Manual 
for Executive Council Spring 2023, and again for Congress in 
Autumn 2023 for the decision of WMO members

• Will be reviewed and updated regularly (in consultation with the 
Space Agencies)



Thank you


	Foliennummer 1
	Design and Evolution of WIGOS
	WIGOS 2040 Space Component
	Description of the space-based observing system components
	Description of the space-based observing system components
	Description of the space-based observing system components
	CGMS Baseline
	Working Group II on Data and Products:�Plenary is requested to take note – Recommendations
	Working Group II on Data and Products:�Plenary is requested to take note �Recommendations on commercial data
	Gap Analysis of the space-based observation
system capabilities
	Foliennummer 11
	Coordination Group for Meteorological Satellites - CGMS
	Coordination Group for Meteorological Satellites - CGMS
	WMO data policy for the international exchange of Earth system data�International data exchange is a major purpose of WMO, WMO Convention, Art. 2b
	New WMO Unified Data Policy Resolution (Ext Congress 2021)�Key changes with respect to Resolution 40 (Cg-XI, 1995)
	Specifically on satellite data in new Data Policy Resolution
	Analysis of current and near future measurement capabilities
	Defining Core and Recommended satellite data for international data Exchange
	Foliennummer 19

