Using High Frequency Amateur
Radio Transmissions to Detect and
Study Travelling lonospheric
Disturbances.

Diego F. Sanchez KD2RLM?3, Nathaniel A. Frissell W2NAF?, Gareth W. Perry KD2SAK3,
William D. Engelke AB4EJ*, Anthea Coster, Philip J. Erickson W1PJE>, J. Michael
Ruohoniemi®, and Joseph Baker®, Carl Luetzelschwab K9LA

1Essex County College

2University of Scranton

3New Jersey Institute of Technology
4University of Alabama

>MIT Haystack Observatory
®Virginia Tech



Traveling lonospheric Disturbances

e TIDs are Quasi-periodic Variations of F Region Electron Density

e Medium Scale (MSTID)
e T=15-60min
e v,=100-250m/s
e A, = Several Hundred km (< 1000 km)
e Often Meteorological Sources

e Large Scale (LSTID)
o 4 >1000 km
e 30<T][min] <180
e Often Auroral Electrojet Enhancement, Particle Precipitation

e Often associated with Atmospheric Gravity Waves

[Francis, 1975; Hunsucker 1982; Ogawa et al., 1967; Ding et al., 2012; Frissell et al., 2014;
2016]



Data Sources

- Ham Radio
« Reverse Beacon Network
« Weak Signal Propagation Reporting Network (WSPRNet)

- SuperDARN

- Madrigal GPS Total Electron Content (TEC)
- NASA OMNI Data

- lonosonde foF2 Data



Traveling lonospheric Disturbances

MSTIDs are a type of HF Fading

[Samson et al., 1990]



TIDs in Blackstone SuperDARN
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Ham Radio TIDs
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GNSS TEC Comparison 15:00 - 18:00
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« Radio range is shortest when TEC is

red (higher TEC)



GNSS TEC Comparison 18:00 - 21:00
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Radio range is shortest when TEC is
red (higher TEC)

Higher electron densities > More HF
refraction, communication range
decreases



lonosonde Data
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Juliusruh lonosonde
Ruigen, Germany

Chose ionosondes
relatively close to the
largest concentration of
radio spots.

Boulder lonosonde
Colorado, USA
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January 26, 2017 foF2 Comparison US

14 MHz

« The highest frequency that the ionosonde reflects
is called foF2.

« The higher the frequency that is bounced back
from the ionosphere, the higher the electron
densities will be.

* More refraction at higher electron densities.

» Radio range is shortest at higher foF2 values.



September 27, 2017 foF2 Comparison Europe

14 MHz

« The highest frequency that the ionosonde reflects
is called foF2.

« The higher the frequency that is bounced back
from the ionosphere, the higher the electron
densities will be.

* More refraction at higher electron densities.

» Radio range is shortest at higher foF2 values.



Europe TID Activity

Figures showing the total number of hours
with TID activity by month observed within
daily ham radio observation plots.

*Data Sources:

. RBN

. WSPRNet
*Date Range:

. 2017
*Geographic Locations:

. Europe
*Bands:

. 1.8 MHz

. 3.5 MHz

. 7 MHz

. 14 Mhz

. 21 MHz

. 28 MHz
*Window Length:

. 1 Hour



US TID Activity

Figures showing the total number of hours
with TID activity by month observed within
daily ham radio observation plots.

*Data Sources:

. RBN

. WSPRNet
*Date Range:

. 2017
*Geographic Locations:

. Europe
*Bands:

. 1.8 MHz

. 3.5 MHz

. 7 MHz

. 14 Mhz

. 21 MHz

. 28 MHz
*Window Length:

. 1 Hour



Europe Total Spot Activity

Daily average number of total spots in Europe
for the year 2017.

» Relative consistency in the number of spots.
* No noticeable decrease in ham radio activity
in the summer months.



US Total Spot Activity

Daily average number of total spots in Europe
for the year 2017.

» Relative consistency in the number of spots.
* No noticeable decrease in ham radio activity
in the summer months.



US Auroral Electrojet Activity




European Auroral Electrojet Activity




US Sym-H Activity




European Sym-H Activity




Conclusions and Future Work

Ham Radio Disturbances seem likely to be LSTIDs.

®  Appear coherent across Continental US and Europe.

®  Consistent with BKS SuperDARN Beam 13.

® Consistent with GNSS TEC.

® GNSS dTEC Wave Parameter Estimate for 3 November 2017:
m A= 1100 km, vp=950 km/hr, T=70 min, Azm=135°

® Consistent with Boulder (US) and Juliusruh (Europe) lonosondes.

RBN and WSPRNet can serve as a tool for monitoring LSTIDs day and night.

® LSTIDs are detectable in RBN and WSPRNet observations when data is binned into 2D histograms with 2 min x 25
km bins over the United States and Europe.

® LSTIDs affect available ham radio communication path lengths.
Fewer night observation capabilities using 14 MHz.

TID activity more prominent starting in late fall and ending in early spring.
Ham radio traffic not noticeably influenced by season.

Exact mechanism is uncertain, currently looking at auroral and geomagnetic sources. Initial observations show:
° Slightly enhanced max AE [nT] for times with TID events.

® Higher number of TID events falling around a Sym-H value of -20.

Develop Automated detection system for TID signatures within Ham radio data.
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