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Executive summary of the WP

Please include an executive summary of the paper. It will be included in the final report.
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The Task Group on Ionospheric Radio Occultation System Optimisation was formed at CGMS-50 
to address the full scope of item 6.4 in the High Level Priorities Plan:

In coordination with IROWG establish requirements for and recommend an implementation 
of an optimised system for radio occultation observations for ionosphere monitoring

The Task Group benefits from the support of ionospheric RO experts, representatives of the 
CGMS RO data providers, and coordination with IROWG.

Since the TG formation, significant progress has been made in documenting the capabilities of 
current RO missions, reviewing methods to geolocate plasma bubble scintillations, and 
initiating Observing System Simulation Experiments (OSSEs). 

Ionospheric RO System Optimisation Task Group
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Task Group Objectives:
• Establish requirements for:

• Data latency
• Number of ionospheric measurement counts for the whole system
• Geographic and local time coverage requirements

• Observing System / System Simulation Experiments to address sensitivity of 
operational applications to changes in the latency or counts in order to 
establish requirements

• Access to commercial RO in support of the requirements

Guiding Action and Rationale for the Task Group

Actionee AGN item Action # Description Deadline Status HLPP

SWCG (RO TG) Joint 
WGI-WG-IV-SW
CG/4

SWCG/A50.03 In coordination with IROWG, establish requirements for and 
recommend an implementation of an optimized system for radio 
occultation observations for ionosphere monitoring

CGMS-52 OPEN 6.4
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WMO Heikki Pohjola, Jesse Andries

Met Office Edmund Henley
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Task List from the Terms of Reference:

1. Review current implementation systems
a. Number of ionospheric measurement counts
b. Orbital planes (extent of global coverage)
c. Latencies achieved

2. User requirement definition
a. How user requirements are currently expressed
b. Possible improvements to requirement definitions to drive optimised system (e.g. expression of temporal coverage 

per geographic zone, prioritisation of geographic zones, etc.)
3. Definition of Observing System Simulation Experiments (OSSE) and Observing System Experiments (OSE) to address 

sensitivity of operational applications to changes in latency / counts in order to establish requirements.
4. Consider potential improvements in CGMSS Member RO measurement capabilities and / or data access in support of 

the requirements.
5. Consider potential impact of commercial RO in support of the requirements.

Task Group Activities Summary
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NOAA Activities in Support of Task Group Efforts 
• There is interest among the international community in understanding the requirements for 

radio occultation (RO) observations, often expressed as a count per day, particularly for 
ionospheric observations

– The CGMS SWCG Task Group on Ionospheric Radio Occultation System is addressing the requirements for radio 
occultation observations for ionosphere monitoring.

– The IROWG is conducting the ROMEX experiment to understand RO count requirements for the lower 
atmosphere.

• NOAA wants to understand the needs for ionospheric RO observations to
– Set requirements for commercial data buys 

– Assess the requirements for a potential RO backbone

• This is a preliminary assessment of the number of ionospheric RO observations needed to 
support modelling as well as some future work to further refine this estimate
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WRN-SWX – Slant Total Electron Content of the Ionosphere

NOAA Consolidated Observation User Requirements List (COURL)

Attribute Threshold Objective

Geographic Coverage Global

Measurement Accuracy 3 TECU
0.3 TECU

Sampling Interval 12,000 obs/day 50,000 obs/day

Data Latency 60 min 5 min

Measurement Range 1 – 200 TECU 1 – 400 TECU

Vertical Range 90 – 1500 km
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• Initial approach is to address the RO requirements for resolving the 
background ionosphere to support modelling through data 
assimilation.

• Initial approach did not explore separate requirements estimates for 
geomagnetically quiet and disturbed conditions.

• A prior Observation System Simulation Experiment (OSSE) study has 
shown that observations improve biases between the nature run and 
the assimilation.

• The OSSE did not study constellation optimization (and number of RO 
occultations).    

Preliminary Assessment of Daily RO 
Requirements for Ionospheric  Applications
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Ionospheric Modelling (Mid and Low Latitudes)
• Goal: Provide refresh of global TEC coverage for each 

assimilation cycle

• Assumptions: 
- 5˚x5˚ global model 

–       [-90,90],[0:360]

- Assimilation cycle = 2 hr

• # of grid cells: (180/5)x(360/5) = 36x72

• # of assimilation cycles per day: 24/2 = 12

• # of occultations per day: 36x72x12 = 31,104 occs/day
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• 2022 OSSE conducted by T. Matsuo et al. for SWO looked at 
assimilating EDPs in  the 
Thermosphere-Ionosphere-Electrodynamics General 
Circulation Model (TIEGCM)

• Constellations chosen to resemble COSMIC-2. Observations 
simulated using WAM-IPE nature run.

• Observations assimilated using Data Assimilation Research 
Testbed (DART) framework and Ensemble Adjustment 
Kalman Filter (EAKF) data assimilation scheme.

• Results for quiet and storm periods were assessed.

• The OSSE did not address ionospheric RO requirements in 
the context of global-scale modelling.

NOAA Ionospheric OSSE: Set Up
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• Four constellations of 6 satellites are simulated with varying orbital parameters.

� 520 km altitude and 24◦ inclination constellation 
� 520 km altitude and 72◦ inclination constellation 
� 800 km altitude and 24◦ inclination constellation
� 800 km altitude and 72◦ inclination constellation

NOAA Ionospheric OSSE: RO Constellations
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• A ranking metric is used as a high-level indicator of each OSSE’s relative 
performance.

• Using the RMSEs at each latitude region for hmF2, NmF2, TEC, and altitude 
electron density, each OSSE is ranked. 

• The ranking metric assigns a rank to each OSSE’s RMSE, 1-10, with 1 having the 
lowest error and 10 having the highest error. 

• The rank is calculated for each hour and then averaged over the period to give the 
ranking metric for the quiet or storm periods.

NOAA Ionospheric OSSE: Ranking Metric
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NOAA Ionospheric OSSE: Results 

• Where there are more observations for a given 
latitude band, there is better performance.

 
• Thus, we generally see better performance 

from the 520 km altitude constellations than 
the 800 km altitude constellations.

• Observations improve the large model biases 
about the EIA that is present between 
WAM-IPE and TIEGCM. 

• There is consistent improvement seen for 
NmF2 RMSE at low- and high-latitudes for the 
quiet and storm periods.
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• The distribution of TEC occultations will impact the desired global 
refresh.

• UCAR recently completed Phase 1 of a Backbone Study for NESDIS to 
explore RO architecture configurations to meet lower atmosphere 
requirements.

• TEC observations were simulated for the Phase 1 architectures, but the 
next phase will look more closely at space weather requirements.

NOAA RO Backbone Study

4-spacecraft
24º inclination

550-km altitude 

4L + 4-spacecraft
72º inclination

720-km altitude 

4L/4H + 4-spacecraft
48º inclination

650-km altitude 
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• RO missions like COMSIC-2 that provide high-rate SNR and phase enable the geolocation of regions 
of irregularity causing scintillation. Once geolocated, a “Bubble Map” is created amalgamating all 
COSMIC-2 RO observations.

• However, scintillation only occurs when the line-of-sight of the GNSS signal passes within the apex 
altitude field line of the ionospheric bubbles.  Only a fraction of occultation’s lines-of-sight provide 
effective scintillation coverage. 

• Requirements for coverage and refresh of scintillation will be explored in future studies. 

Scintillation Coverage and Refresh

Amalgamated Occultations

NIGHTDAY DAY

Example “Bubble Map”

Figure courtesy of P. Straus 
(Aerospace Corp.)
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• The Task Group has made significant updates to the table of Ionospheric RO 
capabilities and updates to WMO OSCAR data base are being made as a result of the 
cross comparison

• Commercial capabilities remain to be assessed

• There is word to be done defining and initiating OSSEs to aid in determining the 
number of required occultations (priority) and assess the sensitivity of operational 
applications to changes in latency / counts

• Looking forward to increased coordination and collaboration with IROWG and the 
Space Weather Sub-Group toward achieving our joint objectives.

Summary and Next Steps


