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The ionosphere

Region of ionized plasma above 60 km
from the Earth’s surface

Primarily produced by the solar EUV
and particle precipitation (polar regions)

Temporal variation scales from
“milliseconds” to solar cycle

Spatial variations from cm to a few
thousand km

Affects the propagation of radio waves

Significant impact on communication
and PNT SyStemS Tempgeurgture (K1)500

Effect on systems is scale-dependent
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The ionosphere — Effect on radio systems

» Effect on PNT Systems

« Degrade the quality/precision of reference station w8 | ]
measurements | '

» Degrade the quality/precision of user measurements
» Disrupt HF and satellite communications ) | n .
» Effect data links

« Effect radio astronomical and remote sensing measurements
and applications
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- Figure 1. G4U color composite RGB images (Red: double-bounce scattering, Green: volume scattering, and Blue: surface scat
Frequency (MHz) Doppler (Hz) ALOS-2/PALSAR-2 data acquired on nights with different ionospheric activity: (top row) disturbed, and (bottom) quiet. The r;
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Global ionosphere

Global Ionosphere Valid at: Mar 17 2015 00:00 UTC
Total Electron»Content (TEC)

Maximum Usable Frequency (MUF)

percent

Space Weather Prediction Center
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The ionosphere at low latitudes




High-latitude ionosphere

March 17 2013
03:00 UT
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High latitude: Particle precipitation

E-CHAIM Sub Model Density Profiles
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High-latitude Vs Low-latitude

High-latitude
External
— Sun and Solar Wind °
— Interplanetary Magnetic Field

Additional source of ionization in the form °
of particle precipitation

Dominant variability is due to SW-M-I
interaction

Internal

— Electrodynamics .
— Neutral dynamics

— lon-neutral coupling .

Variability is “stochastic”

Low-latitude

Dominant variability is due to internal
processes

Internal

— Atmospheric dynamo
— Electrodynamics

— lon-neutral coupling

Occasional influence of the SW-M-I
coupling process

Variability 1s “predictable”
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lonospheric irregular variations — Externally driven

UV and X-rays Fast protons and a
particles

Directly affects Affects ionosphere

ionosphere through SW-M-| Affects ionosphere through
Coupling SW-M-I Coupling

Slide courtesy — Dr. Claudio Ceseroni, INGV, Italy
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lonospheric irregular variations — Externally driven

Local time (hr]

VTEC(TECU)

CME

1430 UT

Pokhotelov et al., 2010

1640 UT

1540UT

Coronal Holes

20 40 60 80

Pokhotelov'€t al., 2010

18.00 UT

" PHYSICS

UNB

19.30 UT




High-latitude ionosphere
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lonospheric irregular variations — Internally driven

RISR-N 20120905T1600-2100

Ionosphere
Mokhamad Nur Cahyadi et al., 2021
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Temporal variations from
“milliseconds” to solar cycle

Spatial variations from cm to a few

thousand km

Scale-dependent effects on systems

Power law behaviour?

Energy transfer across scales
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Multi-scale lonosphere - Modeling and

observations (hybrid approach)

(a) Large-scale (b) Meso-scale (c) Small-scale (d) Kinetic scale
(>~1000km) (10s-100s km) (<~10km) (<~m)

precipitation precipitation conductance density

1 10 30 -

erg/cm?/s erg/cm?/s Pedersen Conductance (S)

(e) Global MHD (f)Global MHD + turbu-

conductance lence conductance
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Nishimura et al., 2018
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Multi-scale — Observations

Satellite and ground-based optical measurements
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Magnetometer-based approach
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From McGranaghan et al., , 2017
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Global Navigation Satellite System (GNSS)

@ Ground GNSS Recei

A fast expanding global @ SS adio Occutations
network of GNSS
receivers

Many satellites with RO
and GNSS receivers

Commercial aircraft with
GNSS devices

More than 2 billion GNSS-
enabled devices by 2024
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An example

Geodetic median vertical TEC from 2007-01-02 03:00:00 to 2007-01-02 04:00:00
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Tongue of ionisation and patches

Detrended TEC - 7 March 2010
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Poleward moving auroral
forms
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Patchy pulsating aurora
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Auroral substorms

Aurora and o, sec

@;136:14 uT

Nishimura et al., 2023
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ROTI & Scintillation
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Fresnel scale - Scintillation
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Spectral properties

® GNSS signal spectra of scintillations associated with
polar cap arcs, patches, Sporadic E layers, and auroral
forms show similar spectral characteristics

® Distribution of spectral index shows more or less similar
distribution for polar cap arcs, patches, and sporadic E

layers with an average spectral slope of -2

® What does this tell us about the irregularity
mechanism?
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i% M Does the spectral slope depend on any
ionospheric/irregularity parameter?

® V, (magnitude of E X B drift) — A measure of the
electric field

® Height of the ionosphere - a proxy for collision
frequencies

e 1 ATEC
TEC, At

V, — A measure of gradient scale length

n
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No obvious dependence!
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Is slope just a dimensionality parameter?
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Irregularity Scales
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