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Abstract On 21 August 2017, a total solar eclipse traversed the continental United States and
caused large-scale changes in ionospheric densities. These were detected as changes in medium- and
high-frequency radio propagation by the Solar Eclipse QSO Party citizen science experiment organized
by the Ham Radio Science Citizen Investigation (hamsci.org). This is the first eclipse-ionospheric study to
make use of measurements from a citizen-operated, global-scale HF propagation network and develop
tools for comparison to a physics-based model ionosphere. Eclipse effects were observed ±0.3 hr on
1.8 MHz, ±0.75 hr on 3.5 and 7 MHz, and ±1 hr on 14 MHz and are consistent with eclipse-induced
ionospheric densities. Observations were simulated using the PHaRLAP raytracing toolkit in conjunction
with the eclipsed SAMI3 ionospheric model. Model results suggest 1.8, 3.5, and 7 MHz refracted at
h ≥ 125 km altitude with elevation angles 𝜃 ≥ 22∘, while 14 MHz signals refracted at h < 125 km with
elevation angles 𝜃 < 10∘.

Plain Language Summary On 21 August 2017, the shadow of the moon traveled across the
continental United States from Oregon to South Carolina during a total solar eclipse. While total eclipses
are best known for their stunning visual display, they also cause changes to the ionosphere, an electrically
charged layer of the upper atmosphere. These changes modify how medium- and high-frequency radio
waves (300 kHz to 30 MHz) travel. To help study these changes, ham radio operators communicated with
each other before, during, and after the eclipse while automated monitoring systems logged their
communications. These logs are compared with outputs of an eclipsed version of the ionospheric research
model SAMI3. By comparing observations with the model, we can better understand how the eclipse
affected both the ionosphere and radio propagation.

1. Introduction

On 21 August 2017, a total solar eclipse traversed the continental United States (CONUS) from Oregon to
South Carolina in just over 90 min. While total eclipses are known for their spectacular visual displays, they also
play significant roles in the study of the ionosphere and radio science. Eclipses create predictable yet unusual
solar inputs to the upper atmosphere by temporarily blocking ultraviolet (UV) radiation, causing reductions
in photoionization and increases in recombination. Detailed work on eclipse ionospheric effects extends back
to Benyon and Brown (1956) and Anastassiades (1970), and more recently Evans (1965), Roble et al. (1986),
and Krankowski et al. (2008).

Eclipse-induced depletions of ionospheric densities are known to affect propagation on medium- and
high-frequency bands (MF and HF, 300 kHz to 30 MHz). This is of great interest to amateur (ham) radio
operators, hobbyists licensed by their national governments to transmit on specified frequencies for per-
sonal enjoyment. Hams often use MF and HF ionospheric refractions for long-distance communications
and enjoy studying space weather and its effects on these communications. Kennedy and Schauble (1970)
and Kennedy et al. (1972) conducted solar eclipse D-region absorption experiments using amateur radio,
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Bamford (2000) and Bamford (2001) coordinated citizen science experiments during the 1999 total solar
eclipse in the United Kingdom, and the Radio Society of Great Britain held a special operating event to study
the effects of the 2015 UK partial eclipse (Nichols, 2015).

We build on these previous works with results from the HamSCI Solar Eclipse QSO Party (SEQP), a large-scale
citizen science experiment organized by the Ham Radio Science Citizen Investigation (hamsci.org). Hams fol-
lowed prescribed rules to make as many QSOs (radio contacts) as possible in the area around the eclipse
path. Thanks to the participation of over 5,000 hams and the extensive Reverse Beacon Network (RBN; http://
reversebeacon.net), PSKReporter (Phase Shift Keying Reporter; http://pskreporter.info), and WSPRNet (Weak
Signal Propagation Reporting Network; http://wsprnet.org) automated amateur observing networks, the
HamSCI SEQP has generated a comprehensive total solar eclipse MF and HF propagation data set with greater
spatial, temporal, and spectral coverage than any prior amateur radio citizen science experiment. Here we
present SEQP observations collected on a continental scale to show eclipse-induced ionospheric effects.

A large-scale simulation of the SEQP was calculated by raytracing links between a grid of theoretical trans-
mitters and selected receiver locations using the PHaRLAP raytracing toolkit (Cervera & Harris, 2014) with an
eclipsed version of the Naval Research Laboratory SAMI3 ionospheric model (Huba & Drob, 2017). Results are
consistent with a decrease in D-layer absorption and a weakening of the F layer. By comparing data with model
results, we constrain the likely refraction altitudes of the amateur radio observations, test the validity of model
propagation paths, and demonstrate a technique that relates amateur radio spot data to research-grade
ionospheric models.

2. Data and Methodology
2.1. Amateur Radio Observations
Amateur radio operators voluntarily operate a number of fully automated communication observation net-
works. These systems include PSKReporter, WSPRNet, and the RBN. These networks can monitor and log
digital and Morse code signals across the amateur radio bands, especially those between 1.8 and 50 MHz. Each
datum (“spot”) includes the call signs of both the transmitting and receiving stations, as well as the time, fre-
quency, and mode of communication. Locations of the stations are either provided with the datum or may be
determined via a database look-up. Frissell et al. (2014) demonstrated that observations from these systems
can be used to study ionospheric effects, such as HF radio absorption due to a solar flare.

2.1.1. Solar Eclipse QSO Party
Figure 1a shows a map of RBN observations, transmitters, and receivers from 1400-2200 UT on 21 August 2017,
from 2 hr before first contact of partial eclipse in Oregon to 2 hr after final contact in South Carolina. These
include measurements from the 1.8 MHz (160 m), 3.5 MHz (80 m), 7 MHz (40 m), 14 MHz (20 m), 21 MHz (15 m),
28 MHz (10 m), and 50 MHz (6 m) amateur radio bands. Spot color represents the maximum fraction of solar
disk obscuration at 300 km altitude O300 at that location, as calculated with Frissell (2017). This altitude was
selected as reasonable for ionospheric refraction. The location, large-scale geographic distribution, and high
number density of spots in Figure 1a shows that the RBN has excellent coverage of the CONUS. The path of
totality appears clearly as a dark red band extending from the northwest to the southeast United States.

The dense coverage of RBN spots shown in Figure 1a can be attributed to the SEQP, a special event orga-
nized by HamSCI specifically for studying this eclipse. “QSO” is amateur radio parlance for a two-way contact,
and a “QSO Party” is typically a contest-like event in which predefined rules govern the behavior of the
participants. Bonus and multiplier points are awarded to incentivize desired behaviors. In the case of this
SEQP, participants were encouraged to make as many contacts with as many geographic locations as possi-
ble on specified amateur radio bands. Contacts made with modes that could be automatically detected by
the RBN and PSKReporter were worth twice as many points as those that could not. The final official ver-
sion of the SEQP rules are provided as a PDF in the supporting information and is described in more detail
by Frissell et al. (2017).

Data from the SEQP were obtained from manual logs submitted by participants to hamsci.org, as well as
observations made by the RBN, PSKReporter, and WSPRNet. Geolocation data were determined first from
participant-submitted logs, then spot data, and finally qrz.com database look-ups. In total over 30,700 log,
618,000 RBN, 630,000 WSPRNet, and 1,287,000 PSKReporter spots were reported for the duration of the
SEQP. These large numbers were made possible thanks to SEQP publicity provided by the American Radio
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Figure 1. (a) RBN observations during the All-American total solar eclipse on 21 August 2017. Midpoints between
transmitter and RBN receiver are color coded by their maximum obscuration. RBN receivers are marked as blue stars,
and transmitters are represented by black dots. Note the dark path of totality from Oregon to South Carolina.
(b) Two-dimensional PHaRLAP raytrace of 7.03 MHz through the eclipsed SAMI3 ionosphere. The black dashed line
in (a) shows the path between the transmitter and receiver. RBN = Reverse Beacon Network; SEQP = Solar Eclipse
QSO Party.

Relay League (ARRL; arrl.org), the U.S. national association for amateur radio (e.g., Silver, 2017) and the active
involvement of each amateur voluntarily operating in the SEQP or running a data collection facility.

This paper uses spot data only from the RBN. Data publicly available from the RBN website undergo a cer-
tain level of filtering to prevent stations from being spotted more than once every 10 min. An unfiltered data
archive provided by the RBN operators was used for our analysis. To focus on eclipse effects, we required both
the transmitter and RBN receiver to be in the region bounded by 20∘ ≤ lat < 55∘ and −130∘≤ lon < −60∘,
as shown in the Figure 1a map. Furthermore, we only used data with great circle paths Rgc < 3, 000 km,
which should select primarily for single-hop communications. Assuming specular reflection, a 0∘ takeoff
angle, and Earth radius Re = 6, 371 km, the theoretical limit for single-hop F-layer (300 km alt) propagation is
Rgc = 3, 835 km and single-hop E-layer (110 km alt) propagation is Rgc = 2, 351 km.

2.2. PHaRLAP-Eclipsed SAMI3
We compared the RBN SEQP observations to a theoretical simulation by raytracing radio signals through a
numerical prediction of the eclipsed ionosphere. This simulation predicts whether or not a communication
link between two points at a specified time and frequency is possible, as well as the likely path of the ray. For
the ionosphere, we used a prediction generated by the SAMI3 first-principles model using a solar extreme UV
radiation mask with a maximum obscuration of 0.85 applied to model inputs (Huba et al., 2000; Huba & Drob,
2017). Although the eclipse is total for visible light, it is not at extreme UV wavelengths that are responsible
for F region ionization. Additional SAMI3 input parameters were F10.7 = 90, F10.7A = 90, Ap = 4, and day
of year 233. The SAMI3 electron density was interpolated to a grid [n𝜙, n𝜃, nh] = (100, 360, 100) used in this
analysis. Here the latitude range is −90∘ < 𝜙 < 90∘, longitude range is −180∘ < 𝜃 < 180∘, and altitude range
is 93 < h < 600 km. The SAMI3 model does not have a D region ionosphere.
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Raytracing through the SAMI3 ionosphere is computed using the PHaRLAP raytracing toolkit (Cervera &
Harris, 2014) 2-D engine, which is based on the raytracing scheme developed by Coleman (1997, 1998).
Figure 1b presents an example of raytracing from a transmitter located at 31.1∘ N, −93.3∘ E (Rgc = 0 km) to a
receiver at 42.4∘ N, −89.0∘ E (Rgc = 1, 313 km) at 1818 UT, the time of maximum eclipse at the midpoint of this
path. This path is marked as a dashed line on the map in Figure 1a. The 2-D ionosphere is obtained by interpo-
lating through the 3-D SAMI3 grid along the path from the transmitter to the receiver with range extending
to 4,000 km in 20 km steps and altitude to 600 km in 3 km steps. A fan of rays with elevation angles from 3∘

to 85∘ with 0.5∘ steps are launched from the transmitter. Propagation is restricted to single hop. An iterative
process is used to determine which ray, if any, reaches the receiver. The successful ray is indicated in red on
Figure 1b. Behavior of the rays is highly dependent on elevation angle. In general, low elevation angles refract
off the E region, midrange elevation angle rays refract off the F region, and elevation angles above the critical
angle escape into space.

In the simulation presented in section 3.3, we raytraced 1.83, 3.53, 7.03, and 14.03 MHz between each transmit-
ter in a theoretical grid to every RBN receiver observed during the SEQP at a 3-min cadence from 1600 to 2357
UT. The transmitter grid is an offset grid spaced every 2∘ longitude and 1∘ latitude in the CONUS, represented
as black dots in the maps of Figures 3a and 4a. All other simulation parameters are as described above.

3. Observations and Model Results
3.1. Geomagnetic Conditions
This eclipse took place toward the bottom of the declining phase of Solar Cycle 24. F10.7 radio flux was 88.
Geomagnetic and solar conditions were quiet during the SEQP, thereby increasing the probability that depar-
tures from expected propagation were due to eclipse effects and not geomagnetic activity. For the period
of 21 August 2017 1400–2200 UT, Kp remained less than 3, and the disturbance storm time index ranged
−19 < DST < −12 nT. The National Oceanic and Atmospheric Administration Geostationary Operational
Environmental Satellite spacecraft detected two minor flares (<C3 class) at 1800 and 2030 UT. There were only
six small sunspots visible.

3.2. Ham Radio Observations
Figure 2 presents a map and time series of RBN observations around the time of the eclipse. RBN midpoints
at locations with maximum obscuration O300 ≥ 0.9 and frequencies in the 1.8, 3.5, and 14 MHz amateur
radio bands have been selected. Bands above 14 MHz are omitted because very few spots were observed at
these frequencies. Time is restricted to ±1.5 hr from eclipse maximum at the location of each midpoint. The
map of Figure 2a includes transmitters, RBN receivers, and midpoints color coded by maximum obscuration.
Figures 2b–2e are spot midpoint density contours of transmitter-receiver great circle path length Rgc versus
epoch time relative to maximum eclipse at the location of each midpoint. The underlying grid is 500 km by
10-min bins. For reference, the O300 eclipse obscuration curve for 40∘ N, 100∘ W (roughly in the center of the
CONUS) is overplotted as a white dashed line. Maximum eclipse of O300 = 0.97 for this location occurred at
1800 UT, 1120 solar local time, 30∘ solar zenith angle.

Each ham radio band responded differently during the eclipse. Near epoch hour 0, there is a wide gap
at 14 MHz, a rise in range at 7 MHz and a strengthening plus a rise in range at both 1.8 and 3.5 MHz.
On 14 MHz, Figure 2b shows strong activity before the eclipse from epoch −1.5≲ t ≲ −0.5 hr and ranges
1, 000 ≲ Rgc ≲ 2, 000 km. During the eclipse, the peak number of spots decreases three folds during the
period −0.5 ≲ t ≲ 0.5 hr. After the eclipse, starting at t ≈ 0.5 hr, activity slowly returns to moderate levels but
never quite makes a full recovery.

The 7 MHz band exhibits somewhat opposite behavior from that of the 14 MHz band during the eclipse.
Figure 2c again shows strong activity prior to eclipse maximum, but lower in range, centered around
Rgc ≈ 500 km from epoch −1.5 ≲ t ≲ −0.25 hr. As the moon’s shadow sweeps across the midpoints in
the half hour after epoch hour −1, the spot density doubles and also widens in range from 300 km wide
(400 ≲ Rgc ≲ 700 km) up to 1,200 km wide (100 ≲ Rgc ≲ 1, 300 km). Then, at epoch t ≈ −0.25 hr the spot
density band narrows but remains strong as it begins to move outward in range from 500 to 1,000 km with a
width of 900 km (600 ≲ Rgc ≲ 1, 500 km). After totality the spot density band moves back inwards to a range
of 500 km, while the spot density decreases three folds from 300 at t ≈ 0.5 hr to 100 at t ≈ 1.5 hr. Activity
remains strong at first and then tapers to moderate then quiet levels starting at t ≈ 0.75 hr.
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Figure 2. RBN spot observations near the time of totality (maximum obscuration O300 ≥ 0.9). Location of midpoints
on map of continental United States (a). Great circle distance between transmitter and receiver versus epoch time for
frequencies in the amateur radio bands (b) 14 MHz, (c) 7 MHz, (d) 3.5 MHz, and (e) 1.8 MHz color coded by spot density.
For the contours, the underlying grid is 500 km by 10-min bins. The dashed white line shows obscuration at a
representative point 40∘ N, 100∘ W. RBN = Reverse Beacon Network; SEQP = Solar Eclipse QSO Party.

The 3.5 MHz (Figure 2d) and 1.8 MHz (Figure 2e) ham radio bands exhibit similar behavior to each other. On
both bands, there are zero to few spots for substantial portions of time before and after eclipse maximum.
Figure 2d shows little activity was observed until epoch t ≲ −0.75 hr when O300 ≈ 0.35. At this point, 3.5 MHz
begins to show moderate activity at Rgc ≲ 500 km and later Rgc ≲ 1, 000 km starting at t ≈ 0 hr. The band
returns to preeclipse conditions of little to no activity at t ≈ 0.5 hr when O300 ≈ 0.55. The 1.8 MHz band
shows similar behavior; however, the band opening is shorter and more focused around the time of eclipse
maximum. No activity is observed from epoch −1.5 ≲ t ≲ 0.25 hr. At t ≈ 0.25 hr, a relatively strong band of
activity appears at Rgc ≈ 500 km, while a moderate band of activity appears at Rgc ≈ 1, 500 km. All observed
activity ceases by t ≈ 0.5 hr, marking a return to preeclipse conditions.
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Figure 3. PHaRLAP-SAMI3 simulations for reflections from altitudes < 125 km. Descriptions as in Figure 2. RBN = Reverse
Beacon Network.

3.3. Raytracing Results
To aid in RBN observation interpretation, we ran a simulation of the SEQP by raytracing links between a grid
of theoretical transmitters and subset of RBN receivers using the PHaRLAP raytracing toolkit in conjunction
with an eclipsed version of the SAMI3 ionospheric model. Details of this methodology have been provided
in section 2.2. The results of this model run were visualized in the same format as Figure 2 to allow for direct
comparison to RBN data.

Plots of the initial visualization were saturated and obscured eclipse effects. It was found that good
data-model agreement could be achieved by separating the model results by refraction apogee (altitude), and
that all RBN bands did not appear to refract from the same altitude. Section 3.3.1 presents raytracing results
for refraction altitudes h < 125 km, while section 3.3.2 presents raytracing results for refraction altitudes
h ≥ 125 km.
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Geophysical Research Letters 10.1029/2018GL077324

Figure 4. PHaRLAP-SAMI3 simulations for reflections from altitudes ≥125 km. Descriptions as in Figure 2. RBN = Reverse
Beacon Network.

3.3.1. Raytrace Refractions < 125 km Altitude
Figure 3 presents raytracing results for refraction altitudes h < 125 km altitude in the same format as the
RBN observations in Figure 2. Figure 3a shows the locations of simulated transmitters, receivers, and the mid-
points. The black transmitter dots are now configured in a checkerboard-grid configuration rather than the
quasi-random placement of real transmitters shown in Figure 2a.

On 14 MHz, there is a band of strong activity that occurs from −1.5 ≲ t ≲ −0.5 hr centered at Rgc ≈ 1, 500 km
and spread between 1, 200 ≲ Rgc ≲ 1, 800 km. The number of successful raytrace links drops to 0 between
−0.5 ≲ t ≲ 0.5 hr when O300 ≲ 0.60. Full recovery occurs shortly after t ≈ 0.5, as strong activity appears again
1, 200 ≲ Rgc ≲ 1, 800 km. Model output indicates the mean elevation angle is 𝜃 < 10∘ for all spot bins in this
figure. Comparison of the simulated spots of Figure 3b with the 14 MHz RBN observations of Figure 2b shows
generally good agreement in range and spot density before, during, and after eclipse maximum.
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The 7 MHz simulation for h < 125 km is shown in Figure 3c. In the period before eclipse maximum from
−1.5 ≲ t ≲ −0.5 hr, a band of strong activity is centered at Rgc ≈ 1, 000 km. From −0.5 ≲ t ≲ 0.5 hr, the activ-
ity band narrows and moves out in range to Rgc ≈ 1, 500 km. Posteclipse recovery begins at t ≈ 0.5 hr when
the activity band moves back to Rgc ≈ 1, 000 km. Before and after the eclipse effect when Rgc ≈ 1, 000 km, all
mean elevation angles are 𝜃 ≲ 27∘. During the main eclipse effect when Rgc ≈ 1, 500 km, all mean elevation
angles reduce to 𝜃 ≲ 15∘. When the 7 MHz model results of Figure 3c are compared to Figure 2c observations,
it can been seen that model ranges are approximately 500 km greater than RBN ranges at all times.

In Figure 3d, the 3.5 MHz h < 125 km simulation results show that propagation is nearly unchanged for the
entire period, with large amounts of activity predicted for ranges Rgc ≲ 1, 250 km. Model transmit elevation
angle is 𝜃 < 60∘ for all spots. A very small eclipse effect can be seen from −0.25 ≲ t ≲ 0.25 hr, when a small
bite-out in predicted activity is observed at Rgc ≲ 250 km. At this time, elevation angles reduce to 𝜃 < 36∘. The
3.5 MHz simulation results are practically opposite of the 3.5 MHz RBN observations presented in Figure 2d.
The 1.8 MHz h < 125 km simulation of Figure 3e is nearly identical to the 3.5 MHz h < 125 km results, except
the eclipse effect is almost nonexistent. Similar to the 3.5 MHz h < 125 km results, the 1.8 MHz h < 125 km
simulation is in strong disagreement with the RBN observations in Figure 2e.
3.3.2. Raytrace Refractions ≥ 125 km Altitude
Figure 4 presents raytracing results for refraction altitudes h ≥ 125 km altitude. The figure format is the same
as Figures 2 and 3. Figure 4a shows the locations of simulated transmitters, receivers, and midpoints. Figure 4b
presents the 14 MHz h ≥ 125 km simulation results. From −1.5 ≲ t ≲ −0.5 hr, a moderately active band
exists between 1, 000 ≲ Rgc ≲ 2, 200 km with elevation angles between 10∘ < 𝜃 < 20∘. Just before maximum
obscuration, from −0.5 ≲ t ≲ 0 hr, the activity moves outward and a hotspot forms at Rgc ≈ 2, 500 km.
Starting at t ≈ 0 hr, activity weakens and gradually moves inward until it stabilizes at t ≈ 1 hr and Rgc ≈ 1, 000
km. After t ≈ 0 hr, elevation angles reduce to 𝜃 < 15∘. The h ≥ 125 km simulation results are farther in range
and predict significantly more activity in the period −0.5 ≲ t ≲ 0 hr than the RBN observations of Figure 2b.
Therefore, these model results do not show good agreement with 14 MHz observations.

Figure 4c shows the 7 MHz h ≥ 125 km simulation results. An active band is predicted from−1.5 ≲ t ≲ −0.5 hr
in a band around Rgc ≈ 500 km. From −0.5 ≲ t ≲ 0.5 hr, the activity band intensifies and moves out in
range to Rgc ≈ 1, 000 km. Starting at t ≈ 0.5 hr, the predicted activity decreases and the range moves back
to Rgc ≈ 1, 000 km. Before and after the eclipse effect when Rgc ≈ 500 km, elevation angles range from
35∘ ≲ 𝜃 ≲ 47∘. When Rgc ≈ 1, 000 km near maximum obscuration, elevation angles range from 22∘ ≲ 𝜃 ≲ 35∘.
These simulation results for 7 MHz h ≥ 125 km show good agreement in range and morphology with the
7 MHz RBN observations of Figure 2c.

Results for the 3.5 MHz h ≥ 125 km simulation are presented in Figure 4d. No activity is predicted except
at Rgc ≲ 250 km an hour around eclipse maximum (−0.5 ≲ t ≲ 0.5 hr). Elevation angles are high, ranging
between 47∘ < 𝜃 < 83∘. This simulation is somewhat consistent with the 3.5 MHz RBN observations of
Figure 2d. The 1.8 MHz h ≥ 125 km simulation of Figure 4e shows no predicted spots, even though activity
was observed around eclipse maximum in the Figure 2e RBN data.

4. Discussion

The PHaRLAP-SAMI3 simulation produced results that are a combination of Figures 3 and 4. Separating results
by refraction altitude of h = 125 km allows the comparison of simulation results (Figures 3 and 4) to the
RBN observations (Figure 2) and the selection of the most correct model solution for each band. It is then
possible to both make constraints on the model and use the model to assist in the interpretation of the RBN
ham radio observations. In section 3, it was found that the 14 MHz band is most consistent with refraction
altitudes h < 125 km, while the 1.8, 3.5, and 7 MHz observations are most consistent with refraction altitudes
h ≥ 125 km.

The results presented here can be explained with a discussion of D region absorption, critical angles, and
critical frequencies. From the model, rays that refract at h <125 km generally have lower elevation angles
than rays that refract at h ≥ 125 km. For a specified frequency, ionospheric, and magnetic configuration,
lower-angle signals spend more time in the D region and suffer greater absorption. Rays that refract at
h ≥ 125 km have higher elevation angles and are more likely to exceed the critical angle for a layer. If that
occurs, the ray will pass on to the next layer or escape into space. Decreased ionization levels, such as those
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associated with the eclipse shadow, will decrease the D region absorption, critical angle, and critical fre-
quency along a path. Most ionospheric communications refract off the E or F layers, with lower frequencies
experiencing greater refraction for a given ionospheric state.

The agreement of 14 MHz observations with the h < 125 km simulation suggests low-angle 14 MHz signals
were below the E region cutoff frequency before and after the eclipse. During the eclipse, ionospheric den-
sities dropped such that low-angle paths escaped to space. Poor data-model agreement for h ≥ 125 km
suggests ionospheric densities were never sufficient to support high-angle 14 MHz rays. The 3.5 and 7 MHz
observations were found to be most consistent with the h ≥ 125 km simulation (high-angle rays). The 7 MHz
simulation shows decreases in ionospheric densities are associated with Rgc lengthening. 3.5 MHz simula-
tion rays are trapped below h = 125 km before and after the eclipse but penetrate to higher altitudes as
densities decrease.

Although SAMI3-PHaRLAP does not include D region absorption, certain D region effects may be inferred. On
low-altitude/low-angle paths, SAMI3-PHaRLAP predicts almost constant 1.8 and 3.5 MHz communications, as
well as extended range 7 MHz communications. These signals are not observed by the RBN, likely attributable
to D region absorption. At high obscuration, absorption is likely reduced and more 1.8 and 3.5 MHz RBN sig-
nals are observed. Data-model comparison also reveals SAMI3-PHaRLAP predicted high-altitude 14 MHz and
low-altitude 1.8 and 3.5 MHz rays not observed by the RBN, suggesting that SAMI3 electron densities are
too high. An iterative process could potentially be used to determine a scaling factor to be applied to model
densities in order to minimize errors with observations.

In general, this paper found results consistent with previous eclipse-ionospheric studies, including citizen
science studies such as Bamford (2000) and Kennedy and Schauble (1970). However, this is the first study
to make use of measurements from a citizen-operated, global-scale HF propagation network and develop
tools for comparison to a physics-based model ionosphere. Data-model comparison has enabled geophysical
interpretation of RBN observations by allowing the frequency-dependent identification of refraction altitude
and usable elevation angles.

5. Conclusions

On 21 August 2017, a total solar eclipse traversed the CONUS and caused large-scale changes in ionospheric
densities. These were detected as changes in medium- and high-frequency radio propagation by the SEQP
citizen science experiment organized by the Ham Radio Science Citizen Investigation (hamsci.org). This is
the first eclipse-ionospheric study to make use of measurements from a citizen-operated, global-scale HF
propagation network and develop tools for comparison to a physics-based model ionosphere. Eclipse effects
were observed ±0.3 hr on 1.8 MHz, ±0.75 hr on 3.5 and 7 MHz, and ±1 hr on 14 MHz and are consistent with
eclipse-induced ionospheric densities. Observations were simulated using the PHaRLAP raytracing toolkit in
conjunction with the eclipsed SAMI3 ionospheric model. Model results suggest 1.8, 3.5, and 7 MHz refracted
at h ≥ 125 km altitude with elevation angles 𝜃 ≥ 22∘, while 14 MHz signals refracted at h < 125 km with
elevation angles 𝜃 < 10∘.
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