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Summary and Purpose of Document
An Ionosphere-Atmosphere Coordination Workshop was organized in Boulder,
CO, USA, on October 3, 2014 by the CGMS International Radio-Occultation
Working Group (IROWG), which is sponsored by WMO. This effort was in
response to ICTSW action (Action 4.27). The goals of the workshop were to
increase synergy between ionosphere and neutral atmosphere uses of GNSS
radio-occultation, to foster scientific interaction between the two communities,
to further the dual use of GNSS sensors for atmospheric and ionospheric
applications, and to progress on issues related to data formats and future
missions.
The discussion highlighted the impact of the ionosphere on the bending angle
measurements used for meteorology and climate applications. Currently
ionospheric effects are most important for climatology studies, due to the fact
that the ionosphere always contributes some amount to the ray bending. A
major conclusion of the workshop was that a basic ionospheric parameter
derived from radio occultation measurements need to be identified and made
available through the WMO Information System.
ACTION PROPOSED
The Inter-Programme Coordination Team is invited to note the activities of the CGMS
International Radio-Occultation Working Group (IROWG) Space Weather Sub-group
and:
- Support future workshops as requested by the IROWG;
- Consider the ionospheric parameters that could be standardized and made
available through the WIS.

APPENDIX: Ionosphere-Atmosphere Coordination Workshop Agenda
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DISCUSSION
The Space Weather Sub-group of the Coordination Group for Meteorological Satellites (CGMS)
International Radio Occultation Working Group (IROWG) addresses issues of importance to the
working activities of the ICTSW. At the 3rd International Radio Occultation Workshop held in
September, 2013, the Space Weather Sub-group made a number of recommendations regarding
the acquisition of radio occultation data, the use of these data in operational models, and
coordination between the space weather and meteorology/climate communities
(http://irowg.org/wpcms/wp-content/uploads/2013/11/IROWG-3_Minutes_Summary.pdf) .
At the 3rd International Radio Occultation Workshop, the Space Weather Sub-group
recommended that an international workshop be held to discuss radio occultation analysis
regarding the ionosphere. This workshop was to include space weather experts and
scientists to discuss: (i) the removal of ionospheric effects from neutral atmosphere
parameters in radio occultation data; (ii) ionospheric data assimilation methods; (iii)
Ionospheric effects in radio occultation data, such as scintillation; and (iv) extending
atmospheric measurements to 40-90 km altitude range to improve characterization of lowerupper atmosphere coupling.
The Space Weather Sub-Group also recommended that missions flying GNSS radio
occultation sensors include a complete set of ionospheric measurements and that these data
be made available with a latency of less than 30 minutes. It was also recommended that a
common format be established for the ionosphere data. Furthermore, it was recommended
that this sub-group coordinate its activities with the WMO and that ICTSW members attend
future IROWG Space Weather Sub-group meeting.
In response to the recommendations made at the 3rd International Radio Occultation
Workshop, the Ionosphere-Atmosphere Coordination Workshop was convened by the
IROWG Space Weather Sub-group on 3 October 2014 (see agenda in Appendix). This
workshop had four main objectives: 1. increase synergy between ionosphere and neutral
atmosphere uses of GNSS; 2. increase scientific interaction between these two
communities; 3. further the goal of dual-use of GNSS sensors; and 4. make progress on
issues related to data formats and future missions.
As pointed out at the workshop, radio occultation is a good example of a joint activity in the
WMO among the meteorology/climate and space weather communities. For example,
WIGOS is looking for multiple purposes for its observing networks, and radio occultation is a
good test case.
Much of the discussion at the workshop involved the effect the ionosphere can have on the
“bending angle” measurements used in meteorology and climate applications. It was
emphasized that neglecting the ionosphere can significantly affect climatology results, since
its effects are always present. At the current time, ionospheric variability is less important, as
it results only in a contribution to the noise in the climatology. Because bending due to the
neutral atmosphere decreases exponentially with height, the contribution to bending
becomes comparable to the noise level in the signal near and above 60 km. Consequently,
the radio occultation signal noise will need to be significantly reduced before the signal paths
above 60 km can be effectively used. When this is achieved, the ionospheric contribution to
the bending will become important and need to be considered.
For space weather applications it was noted that a basic parameter derived from the radio
occultation data needs to be identified and made routinely available through the WMO
Information System. This parameter (or parameters) would be the space weather equivalent
of the bending angle used in meteorology/climate. Line-of-sight total electron content is likely
to be one such parameter, with another parameter related to scintillation also a possibility.
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