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Outline

* lonospheric D- and E-region

 New GNSS-RO Technique for Electron Density (Ne)
— Phase advance (delay) from propagation (bending)

— Removal of F-region contributions
— D/E-region Ne retrieval

— Validation with 1onosondes

* Challenges and Future Work



The D/E-Region Ionosphere



Impacts on Radio Wave Propagation
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Retrieval of D/E-Region Ne from
GNSS-RO
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Radio Wave Propagation in Plasma

Phase and Group Velocity
v, = w/k, v, =dw/dk,
Phase and Group Refractive Indices

n, =c/v, ng = c/v,

Phase Advance  n, = /1 — (f./f)? ~/1 —40.3 - N,/f?

Group Delay n, = 1/\/1 — (f./f)?

~1+403-N,/f?

Propagation => Phase Advance
Bending => Phase Delay




Excess Phase (¢, ) Measurements from RO Antenna
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Inversion Problem (D/E-Region Ne)
Optimal Estimation Method

F-region residuals
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COSMIC-2 N, retrievals (5°5-5°N) from Jan 1, 2021
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COSMIC-1 D/E-Region N,
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All LST, ht= 70km; Ne (x10°m™)
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Challenges and Future Work
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Challenges with Ionospheric Scintillations
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Summary

 New GNSS-RO technique has been developed to produce
reliable D/E-region Ne retrievals, in which the F-region
contributions are mostly removed (Wu et al., 2022);

* Initial validations with 1onosonde observations and FIRI
model are encouraging;

« SmallSat/CubeSat constellations with GNSS-RO have
more profiles than GNSS-POD measurements, to produce
unprecedented spatiotemporal coverage to study global
D/E-region Ne and TEC (e.g., CDAAC and NASA CSDA
programs)



Backups



Summary:
Line-of-sight or Horizontal TEC (ATEC)

fLfz
hTEC = (¢Pexr1 — Pexr2) 40.3><10116if22—f12)

hTECflt = Qo + a ht from ht =30-60 km

AWTEC = hTEC — hTEC;;,



NEUTRAL DENSITY, m™

Empirical D-Region Ne Model

FIRI (Faraday-International Reference lonosphere)

Input variables:

* Solar zenith angle
* Season

* Latitude

* Solar activity

* Structure
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Characterizing D/E-Region Ne Profile

Wait, and Spies (1964)
N,(z) = 1.43x1013¢~015H o[(B~0.15)(z=H")]

Xu et al. (2021)
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