Low Frequency Wave Measurements Onboard
C/NOFS During the 2008-2009 Solar Minimum

- implications for lightning studies -

P Slmdzst, R, PRIfF, 1 Bromund?®, rlL Fraudanraicn?, ), KlanZing?, LC. Lizoraenis,
9. Maridn®, D, Rowland?, P Urioa, T, Yokovamz?, 9, lvanov?, D, Bilizz2

INASA/GSFC, Heliophysics Science Division, Space Weather Laboratory, Greenbelt, Maryland
2Georgia Institute of Technology, Atlanta, Georgia
3NASA/GSFC, Heliophysics Science Division, Heliospheric Physics Laboratory, Greenbelt, Maryland
4George Mason University, Space Weather Laboratory, Fairfax, Virginia

fernando.a.simoes@nasa.gov



Outline

* Extremely Low Frequency (ELF) electric field

measurements

e Schumann Resonance (SR)
* lonospheric Alfvén Resonator (IAR)

* SR and IAR modeling - consequences for
tropospheric-ionospheric coupling mechanisms

* Relevance for lightning studies
* Correlation between Communications/Navigation Outage Forecasting
System (C/NOFS) satellite and ground based measurements

* Summary
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Vector Electric Field Instrument (VEFI)

VEFI — includes 3 electric field dual probes to
C/NOFS

perform low frequency measurements

Sensitivity: ~10 nVm1Hz /2 (ELF range)
Concerning VEFI ELF measurements, only E34

. and E56 waveforms are available in a regular
basis

VEFI also includes two optical lightning
detectors
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Schumann Resonance Measurements
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Orbit 667, 31
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Schumann Resonance — a Global Picture

* Models predicted that Schumann resonances should not be detected from space (the upper
boundary of the cavity would be a perfect reflector at about ~100 km altitude);

* Leakage mechanism is still uncertain (waves are possibly propagating in the ordinary or

= A (111 A 'Y10)(] E = N\ A = = > J AO [ E B 1(])

* Peaks are visible during nighttime and preferentially at low altitude;

e Q-factor is ~5 in line with values reported on the ground;

* The Schumann resonance amplitude seems correlated to lightning activity, corroborating
ground measurements known as ‘Q-burst enhancements’ (strong thunderstorm activity);

* Ground based measurements of Schumann resonance transients have been connected to
sprites (boccippio et al., 1995).

Lightning activity can be inferred from orbit with
optical sensors and also ELF electric field measurements
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C/NOFS ELF ‘Fingerprint’
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C/NOFS ELF ‘Fingerprint’
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C/NOFS ELF ‘Fingerprint’
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The lonespheric Alfvén Resonator (IAR)
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C/NOFS ELF ‘Fingerprint’ - Facts

* Frequency range: 0.1-30 Hz Signature of the

* Up to 20 peaks are seen lonospheric Alfvén
* Q-factor is ~15

« Af~0.5-2.5 Hz Resonator

 Signature seen during nighttime and close to the terminator
* Af gradient is usually steeper close to the terminator

* Seen preferentially at low altitude

» Seen off the magnetic equator only

* Often seen in consecutive orbits

e Seen in different seasons

Implications for lightning studies:

A narrow event in orbit 667 matches the background Af and
shows Q~30; amplitude sudden variation occurs at ~15 Hz
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IAR Characterizations

OnNgoINg WOrk

M Effect of altitude (position in the resonator)
M Effect of magnetic latitude (off the magnetic equator)

? Electromagnetic source (lightning vs. Geomagnetic pulsations)

Wave vector
Magnetic field

X . o
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Summary

‘B Lightning is possibly a major source to IAR excitation; if so, IAR
signatures would provide additional means to investigate the
impact of individual lightning strokes in the ionosphere;

“B) C/NOFS ELF measurements contribute to investigate lightning
activity from space;

‘B Correlation between optical and ELF electric field is possible,
contributing to lightning activity assessments at local and global
scales;

“B) SR measurements of cavity leakage contribute to assessing
global characteristics of lightning-thunderstorm distribution;

‘B SR measurements from orbit may be used to investigate
transient luminous events and Q-bursts.
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SR'IAR

SR:
Prediction
Schumann (1952), On the free oscillations of a conducting sphere which is surrounded by an air layer and an ionosphere shell, Z.
Naturforsch. A7, 149-154 (in German)
First Observation on the ground
Balser and Wagner (1960), Observations of Earth-ionosphere cavity resonances, Nature 188, 638—641
First Observation from space
Simdoes et al., submitted
Modeling
Sentman (1990), J. Atmos. Terrest. Phys. 52, 35-46
Simdes et al. (2007), Planet. Space Sci. 55, 1978—1989, d0i:10.1016/j.pss.2007.04.016
Simdes et al. (2009), Geophys. Res. Lett. 36, L14816, doi:10.1029/2009GL039286
Link to TLE’s
Boccippio et al. (1995), Sprites, ELF transients, and positive ground strokes, Science 269, 1088-1091

IAR:
Prediction
Polyakov (1976), On properties of an ionospheric Alfvén resonator, in symposium KAPG on Solar-Terrestrial physics, 72-73
First observation on the ground
Belyaev et al. (1990), The ionospheric Alfvén resonator, J. Atmos. Terrest. Phys. 52, 781-788
First observation from space
In preparation
Modeling
Lysak (1999), J. Geophy. Res. 104, 10017-10030
Link to lightning
TLE’s - Sukhorukov and Stubbe (1997), Geophys. Res. Lett. 24, 829-832 (1997)
Lightning - Surkov et al. (2006), J. Geophys. Res.-Space 111, A01303, doi:10.1029/2005JA011320
Geomagnetic pulsations - Demekhov et al. (2000), Geophys. Res. Lett. 27, 3805-3808

We thank all C/NOFS partners for such a fruitful collaboration and for providing Y
outstanding data. Two of us (FS and JK) acknowledge the NASA Postdoctoral Program OR[“;[ ]

that is administered by the Oak Ridge Associated Universities.
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Auxiliary Material



The lonespheric Alfven Resonator (IAR)
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The lonespheric Alfvén Resonator (IAR)
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The lonespheric Alfvén Resonator (IAR)
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The lonespheric Alfvén Resonator (IAR)
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The lonespheric Alfven Resonator (IAR)
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The lonespheric Alfvén Resonator (IAR)
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Th@ U@@@@[@h@m@ Alfvén Resonator (IAR)
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C/NOFS ELF ‘Fingerprint’
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The lonospheric Alfvén Resonator (IAR)

Magnetic Field Radial Component
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Ground- and Space-Based Observations
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Ground- and Space-Based Observations
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FFT: 1024/683, Sequence: 10240/10240, Spectral smoothing over 3 channels
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Ground- and Space-Based Observations
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Summary

“B C/NOFS unexpectedly detected Schumann resonance (SR) from space (up to
10 peaks are observed and confirmed by ground measurements)

“B Previous models predicted that SR should remain confined to the Earth-
ionosphere cavity (cavity leakage mechanism remains uncertain)

‘B Space-based SR measurements offer a new remote sensing technique for

“B) C/NOFS detected signatures of the lonospheric Alfvén Resonator (IAR) - up to
20 lines are observed

“B 1AR shows peculiar variations with altitude, magnetic latitude, and local time
“B 1AR can be used for ionospheric monitoring, namely for checking the IRI
model accuracy

‘B Investigating seasonal variations of IAR and SR is the next logical step

“B) Simultaneous measurements of V12, V34, V56 at 512 S/s during a few days
are recommended to constrain both the cavity leakage mechanism (SR) and
propagation in the resonator (IAR)

‘D Yes, we can estimate TEC and put constraints on the ion density profile
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