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The D (60-90 km) and E-region (90-150 km) ionosphere plays an important role in radio 

communication/navigation for its absorption of high-frequency (HF) and reflection of very low 

frequency (VLF) radio waves. The D-region, also known as the mesosphere in the neutral 

atmosphere, is arguably one of the most critical interfaces between the lower atmosphere and 

the ionosphere. The D/E-region ionosphere is often strongly perturbed by planetary waves 

from the lower atmosphere as well as by local irregular small-scale dynamic and 

electromagnetic instability. Sporadic E (Es) is a good example as strong transient disturbances 

to the background Ne profile at 90-120 km. It is difficult to measure the D/E-region electron 

density (Ne) from space because of its low concentration and large vertical gradient. This talk 

will induce a novel observing technique, the GNSS radio occultation (RO), for profiling the 

lower-ionospheric Ne. Rapid advances in low-cost SmallSat/CubeSat constellations such as 

COSMIC and Spire have greatly improved the spatiotemporal sampling of Ne. The new GNSS-

RO Ne observations reveal many interesting features that led to new science questions on the 

diurnal, seasonal, solar-cycle, and magnetic-field-dependent variations of Ne in the lower 

ionosphere.


