Seasonal Climatology of lonospheric Variability with MSTID Periods
Observed Using HamSCI Grape HF Doppler Recelvers
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onospheric clectron densiy that aré often associated Wit atmospheric gravity waves, In order to explain the pracess used to abtain the seasanal average plots below, a octeen senconal variations of Medium Scale Traveing.
| MSTIDs cause amplitude an_d_frequency variations in radio waves Fhat refract off the case study was performed on one day. T_h's d.ay was chosen for no partlculgr reason lonospheric Disturbance (MSTID) activity. An analysis was
ionosphere. Typical MSTIDs exhibit wavelengths of 50-500 km and periods of 15-60 minutes. other than the fact that strong MSTID-like signatures were observed on this day. verformed on data collected by a HamSCl Grape Personal
The authors present an analysis ot observations of MSTIDs made with a network of Ham Space Weather Station (PSWS) located near Scranton, PA. The
Radio Science Citizen Investigation (HamSCl) Low-Cost Personal Space Weather Stations (FIGURE 4) « The top plot in Figure 4 shows the particular data shown in this poster is from 2021. The varying
(PSWS), Iocgted through(_)ut the cc_)ntlnental- Unlte_d States. The MSTIDS were detected in the | average Power Spectral Density seasonal behavior suggests increased periods of MSTID
Doppler shift of th-e-recelve_d carrier of radio station WWV. WWVYV is a frequency, ar_1d time, . B ey —2=g w3 (PSD) for each respective season activity around sunrise for each respective season, with other
standard transmlttl_ng station Iocatgd near Fort Qolllns, Colorado, USA. By ana_lyzmg the £ 75 *5 his sh hen MSTID-lik ' varying hotspots at different times of the year. Such hotspots
Power Spectral Density (PSD) of os_cnlatlons received by the qupler-shlfted carrier wave, we ': * & _ IS Shows when -lIKE include increased MSTID activity during Spring between
demonstrate a method to determine the seasonal variation climatology of MSTIDs. Initial o : . . . , £ signatures are most commonly midnight and around 8:00 AM EST, as well as after 8:00 PM
results suggest enhanced MSTID activity is observed at dawn and dusk, as well as through ... detected by the Grape PSWS located EST: increased MSTID activity during the Summer around
the pre-midnight period. Dawn and dusk MSTID enhancements are consistent with - | «%  near Scranton, Pennsylvania. midnight, 6:00 AM, and after 8:00 PM EST; hotspots for MSTID
Atmospheric Gravity Waves (AGWs) generated by the terminator. L "z « The middle plot in each Figure 4 activity around midnight, between 5:00 AM -10:00 AM, and after
§ 2”:; shows the PSD for the respective day 8:00 PM EST during the Fall; and increased MSTID activity
|ntrOdUCt|0n 2 5 o " . labeled above it. between 6:00 AM — 10:00 AM and 4:00 PM — 8:00 PM EST.
g 2 PorPISr S o 10 e eve Recshed Near Sranton, PR 2021120 * The bottom plot in Figure 4 shows
(FIGURE 1) This imc_age_(left) portrays a diagram of a | £ 1_ the Corresponding Doppler-shifted
Traveling lonospheric Disturbance (TID). Note that radio c “WWWW’“MWNV'W%W : :
waves that refract off the ionosphere can be used to detect g recelved carrier wave for that day' F W k
TIDs. This poster presents a method that can be used to ;;% R P SRS he red boxes outline the relationship uture or
determine their propagation direction, depicted by the black > > > > > rime tcom ¥ ' i between a strong PSD and strong In the future, the results presented in this poster could be
Refracted Wave arrow near the top of the figure. Lambda indicates the TID __— : . .
wavelength and V indicates the TID velocity. This poster oscillations from the bottom p|0t in the e_xpanded upon by applying this method to dgta collectea from
presents data specific to Medium-Scale TIDs (MSTIDs), figure. different Grape Personal Space Weathe_r Stgtlons (PSWS). This
which are characterized by periods between 15 and 60 (FIGURE 5) (FIGURE 6) method coulc_j also be furthe_red by cqns,lderlng th_e results used
minutes, phase velocities between 100 to 250 m/s, and from observing Doppler-Shifted carrier frequencies other than
wavelengths of 50 to 500 km. 2022 Seasole Yanalions o sreasi oot oo < s a2z 10 MHz.
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Diagram of Grape Standard Station Receiver (SSR)
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" Summer: Average(Scranton, PA) for 2021-05-21 to 2021-07-21
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(FIGURE 2) This image (right) depicts the setup References

and orientation of the Grape Personal Space
Weather Station (PSWS). A coaxial cable from an
antenna connects to a Standard Station Receiver g — ]
(SSR) along with a GPSDO. The SSR connects * y (M, ‘
through a sound card to the Raspberry Pi 4B single i e i M R e

board computer which allows the data to be

transmitted and stored on the internet. The data
collected each day can be accessed using a VPN
Into the Raspberry Pi 4B. That makes it accessible

N
o

Power Spectral Density Power Spectral Density Power Spectral Density Power Spectral Density

Period [min]

g
Power Spectral Density Power Spectral Density Power Spectral Density Power Spectral Density

* Trop, Claire. (2021) “Traveling lonospheric Disturbances
Tracked through Doppler-shifted AM Radio Transmissions”
 Lombardi, M. A., Nelson, G. K., Okayama, D. T. (2005), NIST
Time and Frequency Radio Stations: WWV, WWVH, and
WWVB. National Institute of Standards and Technology.
« Cerwin, Steve. "HF Propagation Measurement Techniques and
= v g e R Analyses.” HamSCI, ARRL-TAPR, Sept. 2020,
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Winter: Average (Scranton, PA) for 2021-11-21 to 2022-1-21
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from remote locations. The data presented in this WAy e EFSWs P Time [CDT] O Time [CDT] | - S -
poster is collected by a Grape PSWS o | | | — hamsci.org/publications/hf-propagation-
(FIGURE 3) This image (left) shows the 2D measurementtechniques-and-analyses.
% S fo Grope Recelver - arsei Grele (sl Bsinesn (e s Data Ana|y5| S * Collins, Kristina, et al. "A Low-Cost Citizen Science HF ”
/ (WWV) and a Grape Personal Space Weather _ o _ Doppler Recel\{er for Measur!ng Ionpspherlc Variability.
p— 0w SR . Station (PSWS) located near Scranton, PA, The da_ta suggests iIncreased MSTID activity around sunrise and sunset for each HamSCl, American Geophysical Union, Dec. 2019,
. i L LT which is the Grape PSWS being used to collect respective season in the years 2022 and 2021. The scale has been normalized to hamsci.org/publications/low-cost-citizen-science-hf-doppler-
LA the data presented in this poster. WWV compare like units of PSD between the years 2022 (left) and 2021 (right). The receiver-measuringionospheric-variability.
A 1;?,' transmits on a number of frequencies. This : : . : C
o loslke a0 ki eolleai speeiielly fam difference in the intensity of PSD is likely due to the fact that each dataset accounts Acknowledeements
,,,,,,,,,,,,, . the 10 MHz transmission, which leaves the for the seasonal average of PSD values. Thus, any very strong or very weak MSTID- 8
=y receiver, refracts off the ionosphere, and is like oscillations could potentially be overpowering the rest of the data set. However, The authors gratefully acknowledge the support of NSF
: — eventually received by the Grape PSWS. As the Grants AGS-2002278, AGS1932997, and AGS-1932972.

In order to know for sure why there is a difference Iin intensity, further analysis would
need to be performed.

lonosphere moves, this will be received as
Doppler-Shift from the 10 MHz
transmitted wave.

We also acknowledge the use of the WWYV station located
near Fort Collins, Colorado.
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