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Outline

Motivation
* Superstorm: A rare event in 20 years
e Structural evolution of ionospheric perturbations?

GNSS Limb (RO, POD) Data and Sampling
e 20k not enough for spatiotemporal sampling of fast
processes (e.g., E/F-region dynamo)
» Strong demands on sampling from science apps:
* Temporal: < hourly
e Spatial: <5 deg
Storms Observations
e Polar region: Spire + FY3
e 2-hourly zonal mean for E-region (GNSS-RO)
e 4-hourly zonal mean for F-region (GNSS-POD)
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gps240510g: Lat = [-90 89], Lon = [-180 179], UTC = 0:0:0
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TIDs = Traveling ionospheric disturbances Swarnalingam et al. (2024, in preparation)



@/ Electron Density N from GNSS Limb Sounding

D/E-Region (GNSS-RO Link)
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@/ Daytime 4-Hourly F-Region Ne

e Spire + FY3 sampling helps

e Large polar and tropical depletion in F-region

e Stronger and earlier in the NH than in the SH

* Reduced Ne in the NH subtropics during the recovery
* Enhanced Ne in the SH subtropics during the recovery
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Nighttime 4-Hourly F-Region Ne

e Spire + FY3 sampling helps
* Significant polar and tropical depletion
* Reduced Ne in the NH subtropics during the recovery
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@/ Daytime 2-Hourly (Spire + FY3) E-Region Ne

e Consistent polar depletion between RO vTEC and F-region Ne
e Unlike F-region, stronger E-region depletion in the SH
e Small E-region changes during the recovery

Uncalibrated vTEC from RO (20-50km)
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@/ Nighttime 2-Hourly E-Region Ne

* Weak enhancement in RO vTEC

* Unlike F-region, significant nighttime E-region enhancements
[0 Associated with auroral electron precipitation

* Small E-region changes during the recovery
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2024.131

@/ 9-Hourly UTC (00Z-09Z) Daily E-Region Ne Maps at 90 km
(Spire + FY3 + COSMIC2)
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@/ Nighttime Polar E-Region Ne Maps at 90 km
(Spire + FY3 + COSMIC2)
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* Insufficient nighttime polar coverage from Spire + FY3



Daytime Polar E-Region Ne Maps at 90 km
(Spire + FY3 + COSMIC2)
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Better daytime polar coverage from Spire + FY3



Daytime Polar F-Region Ne Maps at 350 km
(Spire + FY3 + COSMIC2)
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Summary

GNSS-RO and GNSS-POD soundings provided
unprecedented observations of the May 10 superstorm
impacts on the global E- and F-region ionosphere.

Hemispheric differences are evident in F-region responses:
— Stronger and earlier NH Ne reduction

— Enhanced Ne in the SH subtropics during the recovery

E-region nighttime Ne enhancement extended to
mid-latitudes, consistent with worldwide auroral reports.

The 20k of daily GNSS-RO samples remain insufficient for
observating rapid global ionospheric disturbances.
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