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lonosphere Irregularities: Temporal Evolution
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World incoherent scatter radars
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lonosphere Irregularity:
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lonosphere Irregularity:
Vertical Structure
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lonosphere Irregularity:
Horizontal Structure
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NASA's lonospheric Connection Explorer (ICON)

Main instruments:

MIGHTI is a Michelson Interferometer
to measure winds and temperatures

FUV is an FUV imager; observes UV
emissions of N2 and O to determine
O/Ng; ratio

EUV images 83.4 nm emission from O;
resonantly scattered by O+: gives ion
density

IVM is the ion velocity meter; uses a
Retarded Potential Analyzer (RPA) to
measure relative velocity of ions,
therefore winds, as well as
temperature and density

Understand drivers of ionospheric variability

Explain how energy / momentum from lower atmosphere reach the
space environment

Explain how drivers create extreme conditions observed during solar-
driven geomagnetic storms
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GNSS Networks

|IGS Global lonosphere Map (GIM)
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Simplified Appleton-Hartree Equation
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lonosphere Disturbance Impact on Mid-latitudes

ROTI: lonosphere Plasma Disturbance Position errors
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Yang, Z., S. Mrak, Y. Morton, “Geomagnetic storm induced mid-latitude ionospheric plasma irregularities and their implications
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Challenges in Measuring lonospheric Irregularities

1. Availability

Receivers cease to function if GNSS signal traverse irregularities
- Data are not available when needed most!

2. Accuracy
(lono + other)@h(t) = Observed Effects
lono effects # Observed Effects
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Availability Issue: March 17-18, 2015 St. Patrick’s Day storm
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Accuracy: Scintillation Indices

Phase scintillation index: oy = std (detrend(¢s))

Amplitude scintillation index: 54:\/<512<)S;>§SI)2

. _ _ SI
Signal intensity (power):  SI = —— Slyqw = NBP — WBP
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y 2 y 2
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Global SDR Data Collection Network
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Skyplot of GNSS satellite tracks
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lonosphere TEC and Disturbance Forecasting

(Shi et al., 2015)
Machine Learning Forecast Framework Using ConvLSTM:
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lonosphere Disturbance Forecasting with Ground GNSS Networks

GNSS Receivers Raw ROTI Interpreted ROTI
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lonosphere Disturbance Forecasting Results

lonosphere Disturbance
Forecast Results:

00:05UT, Nov 7 2015
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Filling the Data Gap: LEO Satellite-Based Observations

GNSS Radio Occultation (GNSS-RO) GNSS Reflectometry (GNSS-R)
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GNSS-RO
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GNSS RO lonosphere Retrieval
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GNSS-RO TEC Retrieval

1 11
@‘ g BT 403f2— f7

How to calibrate/estimate bias?
 GNSS satellite bias: use ground receiver network estimations, IGS products

« LEO satellite receiver bias:
* Find geometries that tend to result in minimum TEC along a raypath and
use climatological models of ionosphere to estimate the small Ne and
TEC in the region. Example: at high latitudes where the ray path
traverses regions of open magnetic fields near the poles.
« Set TEC to 0 along minimum TEC ray path
* Rely on receiver built-in calibration mechanism
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lonosphere Ne Profile Retrieval
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lonospheric Observations from GNSS-RO
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GNSS-R Phase-Delay Altimetry
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Arctic and Antarctic: High Rate Coherent Reflections

42% over sea ice. 75% over 1styear ice
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Wang, Y., Y. J. Morton, “lonospheric
total electron content and disturbance
observations from space borne coherent
GNSS-R measurements,” IEEE Trans.
Geosci. Remote Sensing, doi:
10.1109/TGRS.2021.3093328, 2021.

University of Colorado 2021 ION GNSS+
Boulder




Example TEC Retrieval from Spire Data: Kara Sea
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lonosphere Structure Observation GNSS-R
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