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Eclipse-induced geomagnetic
signatures: the 2024 EZIE-Mag
citizen science campaign
contribution to the Heliophysics
Big Year

Rafael L. A. Mesquita*, Robin Barnes, Jesper Gjerloev,
Adebayo Eisape, Nelli Mosavi and Robert Eidson, on behalf of
EZIE-Mag team

Johns Hopkins University Applied Physics Laboratory, Space Exploration Sector, Laurel, MD, United
States

The 8 April 2024, total solar eclipse presented a unique opportunity to
study ionospheric and magnetospheric responses to local changes in the
solar illumination. As part of NASA’s citizen science initiative, we launched
the EZIE-Mag Eclipse Measurement Campaign and deployed ultra low-cost,
science-grade magnetometer kits operated by trained citizen scientists across
diverse geographic locations. This grassroots decentralized approach enabled
the collection of high-quality, distributed geomagnetic data. Observations
from Muncie, Indiana, revealed a clear signal that is interpreted as being
produced by eclipse-induced current system perturbations. This is an excellent
example of complex electrodynamic coupling between the Sun and the
magnetosphere-ionosphere-atmosphere environment. The results not only
contribute to advancing Heliophysics research but also demonstrate the value
of citizen science in enhancing space weather awareness and public education.
The campaign’s inclusive approach in engaging participants from various
backgrounds, underscores the potential for scalable, community-driven efforts
to broaden participation and deepen public understanding of space weather
phenomena.

KEYWORDS

spaceweather, citizen science, EZIE-Mag,magnetometry, ionospheric currents, eclipse,
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1 Introduction

In 2023, NASA announced the Heliophysics Big Year activities related to the Sun’s
influence on Earth and the solar system.The activities ranged from the Parker Solar Probe’s
Closest Approach, to the 2023 Annular Eclipse and the 2024 Total Solar Eclipse. We took
advantage of this development and the favorable path of the 2024 Total Solar Eclipse across
North America to run a special campaign to capture the influence solar eclipses have on
the ionospheric electric currents. We utilized an ultra low-cost, science-grade, and easy to
operate magnetometer kit known as the EZIE-Mag. This magnetometer kit was developed
as the outreach component of the NASA Electrojet Zeeman Imaging Explorer [EZIE, 9]
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mission. It is designed to have a simple assembly and focus on ease
of deployment and operation.

Total solar eclipses are most known for the spectacular
obscuration of the Sunby themoon that attractsmillions of people to
its path. It also leads to a large interest from a multitude of scientific
communities. Beyond that, the decreases in the solar radiation leads
to a cascade of phenomenon, some of which leading to changes in
Earth’s ionospheric currents, including regional perturbations that
may produce observable geomagnetic signatures.

The main objective of this paper is to share experiences we
had in preparation and during the 2024 EZIE-Mag Total Solar
Eclipse campaign. We introduce the scientific background that
led to the development of these expected current perturbations.
We then discuss the methodology, which includes citizen science
participation, training, and the methods used to analyze the data.
We show results of the data taken during the campaign. Finally, we
discuss the results and share lessons learned from our campaign
to help planning and deployments for future Solar Eclipses as well
as other comprehensive campaigns utilizing large number of EZIE-
Mags.

2 Science background

A total solar eclipse induces rapid and localized reductions
in the solar radiation effects on Earth’s atmosphere. Mrak et al.
(2018) showed the disturbance on the solar extreme ultra violet
(EUV) and X-ray radiations, in addition to the visible light. They
also showed the relationship between their obscuration model
and the electrodynamics response to the eclipse with the total
electron content morphology. A similar result was achieved by
Coster et al. (2017) This reduction in plasma density decreases
ionospheric conductivities, particularly in the E-region, where solar-
driven ionization dominates. As conductivity drops, large-scale
electrodynamic imbalances emerge. This modifies the polarization
electric fields and the closure of magnetospheric currents along
geomagnetic flux tubes (Huba and Drob, 2017).

Figure 1 shows the sequence of events that may produce
ionospheric current perturbations. Following the rapid cooling
of the thermosphere and decrease of ionospheric conductivity,
electrodynamic responses may arise as the system seeks to maintain
current continuity (Mrak et al., 2022; Clilverd et al., 2001). The
effects of such current perturbations appear as a magnetic signature
in the form of a fluctuation to the geomagnetic field (Ratnasari et al.,
2024). The largest eclipse-related effects are likely to occur
near regions with the strongest spatial gradients in ionospheric
conductivity, which often, but not necessarily, coincide with the path
of totality. With the physics of the event in mind and the general
eclipse-related excitement, we based our citizen science campaign in
the deployment of EZIE-Magmagnetometers along the totality path.

3 Methodology

3.1 EZIE-Mag

Leading to the launch of the NASA EZIE satellite mission,
NASA funded the EZIE team to launch the EZIE-Mag Citizen

Science initiative. The project consisted in the developed an open-
source, self-contained magnetometer kit that could be assembled
and operated by middle and high school students. The kit utilizes
Raspberry PI single board computers, which are a relatively new
concept and act as the data processing unit for the system. The
EZIE-Mag kits were also made possible by the development of
the PNI RM3100 Magnetometer sensor board, which is a 3-
Axis magnetometer with a theoretical maximum resolution of
approximately 6.1 nT (1-σ at 1 Hz with WiFi turned on and 3.6 nT
with WiFi turned off) and a sampling rate of 36 Hz. The kit is
supplemented with a GPS receiver and accelerometer for timing,
absolute positioning, and orientation. The approximate cost of an
EZIE-Mag is around 200 US dollars. The result of this project was
the fabrication of 750 EZIE-Mag units, which are currently in the
deployment phase in schools and educational institutions in the
United States. These instrument suites are science-grade, low-cost,
variometers, and with proper calibration give measurements of the
magnetic fields akin to magnetometers.

Figure 2 shows the parts needed to build an EZIE-Mag, the
assembly onto the base plate, and the fully assembled instrument.
These figures were adapted from the EZIE-Mag “Instructions
for Assembly” manual, which is made available in the EZIE-
Mag gateway. This open source manual contains instructions for
assembling an EZIE-Mag. The steps are well described and are
geared towards a middle-to high-school level of understanding and
require minimal parental or educator supervision.

The EZIE-Mag calibration and data processing workflow
consists of six key steps to ensure accurate and calibrated
magnetic field measurements. First, raw data sampled at 36 Hz is
resampled to 1 Hz using boxcar averaging, ensuring reliable noise
handling and efficient storage in hourly, daily, and weekly zip files.
Next, temperature calibration is performed using a multi-linear
correlation model that accounts for both absolute temperature and
its temporal derivative, correcting the magnetic field components
for thermal biases. The third step involves aligning the sensor’s z-
axis to geographic down using data from the onboard accelerometer,
which establishes a stable vertical reference. Subsequently, the
horizontal components are rotated to align with local magnetic
north and east based on PNI sensor data, following established
methodologies by Gjerloev (2012) The data is then rotated
into geographic coordinates using the International Geomagnetic
Reference Field (IGRF) model, ensuring global consistency. This
comprehensive approach ensures that citizen-collected data meets
the standards necessary for robust geomagnetic research.

The intricate calibration process is tested and operational
for long-term data analysis. However, given the transient eclipse
experiment, the data shown in this paper cannot be calibrated.
One of the major effects of the calibration aims to mitigate is
the correlation between the temperature and the magnetic field
measurements. Each instrument must operate for several days to
enable an accurate calibration. While that was highly encouraged by
our team to the citizen scientists, most of them traveled to the path
of the eclipse for a very limited amount of time.

The citizen scientists were chosen based on their travel plans
for the 8 April 2024 Total Solar Eclipse. A call for participants was
sent to the Johns Hopkins University Applied Physics Laboratory
staff (JHUAPL - where the corresponding author is employed).
We allowed people from all backgrounds, including children of
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FIGURE 1
Cascade of processes leading to the ground-based measurements. Eclipse photo from Cincinnati, OH (Matthew Bailey).

FIGURE 2
Images adapted from the EZIE-Mag “Instructions for Assembly” manual available in the EZIE-Mag gateway. From left to right: EZIE-Mag parts list,
EZIE-Mag base plate assembled with all its components, and a fully assembled and sheltered EZIE-Mag.

JHUAPL employees to sign up for participating in the measurement
campaign. In themonths prior to the eclipse, we gathered their basic
information, and shared relevant training materials with simple
instructions. The overarching goal was to get as much distribution
along the path of totality as possible. We received ∼40 responses
to our call and each citizen scientist received an EZIE-Mag to take
with them on their eclipse-related trips. Figure 3 shows the overall
distribution of citizen scientists across North America.

3.2 Citizen science training

Citizen scientists selected for the EZIE-Mag campaign
underwent a structured training process to ensure engagement and
readiness. From selection through kit delivery, participants received
regular updates to keep them informed about campaign progress
and the fundamentals of scientific measurement campaigns. One
week prior to kit distribution, we provided an user guide (Figure 4)

alongside simple operational guidelines to ensure straightforward
deployment of the hardware.

The EZIE-Mag kits were designed for simplicity, requiring
minimal effort to deploy and operate. Key deployment instructions
included placing the unit on solid ground, ensuring a minimum
30-foot distance from sources of electromagnetic interference
such as houses, air-conditioning units, vehicles, bicycles, or other
machinery. To prevent thermal biases, participants were instructed
to shield the unit from direct sunlight using non-magnetic, non-
metallic materials like plastic coolers, flower pots, or even foliage.
Participants were also advised to deploy magnetometers away from
vehicles, power lines, and magnetic appliances.

The EZIE-Mag units use triaxial fluxgate magnetometers with
a specified linear response within ±60,000 nT. The observed field
range during the campaign remained within ±100 nT of nominal
background levels, well within the linear regime of the sensor’s
response. Therefore, we consider the linearity assumption to the
geophysical changes to be valid for the conditions analyzed here.
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FIGURE 3
The EZIE-Mag Total Eclipse Measurement Campaign map.

FIGURE 4
EZIE-Mag manual with instructions to successful deployment by citizen scientist during the EZIE-Mag Total Solar Eclipse Campaign.

In addition, the typical magnetic field uncertainty of the EZIE-Mag
instruments are of the order of 5 nT.

Power options included either a standard 5V USB power bank,
providing over 24 h of operation, or a direct USB power supply using
a provided 30-foot micro-USB cord. Once powered, participants
were advised to “start it and forget it,” allowing the unit to operate
continuously for as long as possible; ideally beginning 24+ hours
before and continuing well after the solar eclipse.

This approach ensured consistent, high-quality data collection
while emphasizing the simplicity of the process, designed to be

accessible even for individuals with minimal scientific or technical
experience.

Lastly, the participants received in person one-on-one
instructions from the campaign team. The questions they
asked during that encounter were gathered and answered by
email 2 days prior to the eclipse. Unfortunately, not every
participant had the availability of a perfectly undisturbed
deployment location. However, enough good quality data
were collected to present meaningful scientific conclusions
about the event.
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FIGURE 5
EZIE-Mag measurements of total magnetic field and temperatures for April 7 and 8, 2024, from Muncie, Indiana. The blue y-axis corresponds to the
total magnetic field (blue line) and the red y-axis corresponds to the temperature (red line). The first and fourth contacts (C1 and C4) are highlighted in
magenta, while the time in totality is highlighted at the center of the obscuration gradient in the figure. The uncertainty of EZIE-Mag, which is estimated
to be ±5 nT prior to normalization, is represented proportionally by the line thickness.

4 Results

To illustrate the measurement capability we will focus on the
measurements made in Muncie, Indiana, in the US. This was the
EZIE-Mag with the longest uninterrupted period of observations
during our campaign, with 3 days of measurements. Figure 5 shows
the EZIE-Mag observations of total magnetic field and temperatures
for April 7 and 8, 2024 (prior to and during the 2024 Total Solar
Eclipse) fromMuncie, Indiana.

The first and most obvious finding is that the total magnetic
field is visually correlated with the temperature. This effect can be
accounted for in the process described in the methodology section
of this manuscript. We use temperature measurements to find the
possible temperature-related effects on the magnetic field. The goal
here is not to provide the reader and the citizen science community
with a detailed relationship between the eclipse-time and magnetic
signatures measured by EZIE-Mag–we deem that out of scope of
this manuscript. Another paper containing the results of this more
intricate calibration is in production. Our purpose is simply to show
that the passage of the eclipse appears to have a clear effect on the
temperature and the total magnetic field, although at first glance
it is unclear to what extent the magnetic field perturbations are
related to changes in the overhead currents. As mentioned, another
manuscript will be published to detail those findings. To show the
presence of an eclipse-relatedmagnetic signature, we normalize both
the temperature and total magnetic field measurements with the
same procedure. Figure 6 shows the normalized data from Figure 5.
The correlation between temperature becomes even more evident
with this figure, but the differences between the magnetic field
curves and the temperature begin to appear.

With the assumption that the magnetic field and temperature
correlation is linear, we use the uncalibrated normalized curves of
magnetic field and temperature shown in Figure 6 to calculate the
residuals between these measurements. This is a good assumption
given that the Pearson product-moment correlation coefficients for
the data shown for temperature and magnetic field in Figure 5 is
of 0.98. While the relationship is not expected to hold perfectly
linear across all hours of the day, especially under rapidly changing
environmental conditions of the solar eclipse, the linear model
is used here as a first-order approximation. This simplification
allows for the identification of residuals that may reflect geophysical
signals not accounted for by local temperature effects. The
normalized temperature minus the normalized total magnetic field
is shown in Figure 7. Based on the assumption of linearity, the
variations shown in this figure are mostly related to the magnetic
field measurements.

Now to show the effects of the eclipse on the magnetic field
measurements, we subtract the readings on day 7 from day 8. This
assumes that day 7 gives a good representation of the magnetic
baseline for day 8 or in other words, that the measurements on day 7
represents the typical daily variations. However, we argue that this
approximation is good enough to show any eclipse effect on the
ground magnetic field.

The very simple process described above and shown in
Figures 5–8 portray the presence of an eclipse influence on
the ground level magnetic fields, which may be attributed
to changes in ionospheric electrodynamics during the event.
While the exact source of the observed magnetic perturbations
remains to be determined, the results suggest a link between
the eclipse and transient modifications to current systems in
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FIGURE 6
Normalized measurements corresponding to Figure 5. The blue y-axis corresponds to the normalized total magnetic field (blue line) and the red y-axis
corresponds to the normalized temperature (red line). Both quantities have been normalized to their respective median and inter-quartile ranges. The
uncertainty in the normalized magnetic field is proportional to the line thickness.

FIGURE 7
Residual between normalized total magnetic field and normalized temperature curves from Figure 6. The plotted quantity is defined as normalized
temperature minus normalized magnetic field, and provides a first-order estimate of non-temperature-related magnetic variations.

the upper atmosphere. While some environmental noise is
unavoidable, the consistency of the eclipse-time residual pattern
and the absence of similar features on adjacent days support a
geophysical origin. Future work will further quantify anthropogenic
magnetic noise using shielded deployments and magnetic
interference tests.

While this manuscript focuses on the high-quality,
uninterrupted measurements from Muncie, Indiana, the EZIE-
Mag campaign successfully deployed magnetometers at over a
dozen sites across North America. Several of these sites recorded
partial eclipse-time data showing qualitatively similar magnetic
signatures. Due to variability in data quality, deployment conditions,
and environmental noise, a full comparative analysis across sites is
ongoing and will be reported in a follow-up study. Nonetheless,
the spatial coverage afforded by this campaign provides a valuable

resource, and all site data will be publicly available in the
accompanying repository (Mesquita, 2025).

5 Discussion

The example observations shown in Figures 5–8, provide
indications of eclipse-associated perturbations in the ground
level magnetic fields. That highlights the influence of ionospheric
dynamics on ground-based magnetometer measurements.
Removing the temperature dependence reveals distinct magnetic
signatures coinciding with the eclipse’s progression. While day-
to-day geomagnetic variability introduces some uncertainty,
the consistent residual patterns suggest the presence of eclipse-
associated ionospheric currents, though the precise structure and
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FIGURE 8
Final residual curve showing the difference between eclipse-day and control-day residuals from Figure 7. This aims to isolate the eclipse-related
component of the magnetic field signal by subtracting baseline variability.

origin of these currents remain undetermined. These findings
underscore the value of low-cost, distributed magnetometer
networks such as EZIE-Mag in capturing fairly small and transient
current systems. The results also demonstrate how solar eclipses
can serve as natural experiments to probe electrodynamic coupling
processes between the Sun, ionosphere, and Earth’s magnetic field,
advancing our understanding of solar-terrestrial interactions within
Heliophysics research.

The EZIE-Mag Eclipse Measurement Campaign demonstrated
the effectiveness and scientific value of citizen science-driven
Heliophysics-related measurements. Leveraging a large network of
engaged citizen scientists equipped with ultra low-cost, science-
grade, EZIE-Mag magnetometers, the campaign successfully
collected high-quality, distributed datasets during the 8 April 2024,
total solar eclipse. The simplicity of the EZIE-Mag setup, combined
with clear deployment guidelines and training, empowered
participants to contribute meaningful observations with minimal
technical barriers.

The successful detection of eclipse-related magnetic signatures,
as evidenced by residuals that correlate with the eclipse timing,
validates the capability of citizen-collected data to contribute to
Heliophysics research without requiring extensive infrastructure.
Our campaign also highlighted the importance of community
engagement, both in gathering data and in fostering broader
public understanding of space weather science. The decentralized
approach also demonstrated logistical flexibility, with participants
effectively deploying magnetometers across diverse environments
while adhering to operational standards. This model of citizen
science participation proved to be an efficient and scalable method
for extending the reach of future scientific campaigns.That will offer
valuable insights for Heliophysics initiatives and public outreach
efforts in the future.

Our results and experiences gathered insights into the
strengths and improvement areas for conducting citizen
science-driven Heliophysics observation campaigns. One
of our campaign’s greatest strengths was its decentralized

approach, enabling widespread geographic coverage and diverse
observational data. The effort was excellent in outreach, engaging
participants from diverse background, and fostering broad-
based high-level space weather science. The involvement of
family and friends, including children, not only broadened
participation but also enhanced public engagement and
educational impact.

Even though the campaign was successful, our challenges
included suboptimal deployment locations for some participants
and the presence of non-geophysical magnetic perturbations
caused by nearby electromagnetic interference, which impacted
data quality of several datasets. To enhance future campaigns,
improvements should include offering in-person training
for participants including tips and tricks for operating the
magnetometer, developing an informational video with general
deployment guidelines, and ensuring the availability of a real-
time support team to answer participant questions during
deployment through a social media platform.These strategies would
strengthen the scientific rigor and outreach impact of future citizen
science initiatives.

6 Conclusion

The EZIE-Mag Eclipse Measurement Campaign utilized low-
cost, citizen-operated magnetometers to observe magnetic field
perturbations during the 8 April 2024, total solar eclipse, related
to the NASA Heliophysics Big Year. The data acquired provided
evidence of eclipse-induced ionospheric currents and demonstrated
how citizen science efforts can contribute meaningful observations
in geospace research.The campaign also highlighted the importance
of community engagement and public education in space weather
science. Based on our results, we conclude:

• Eclipse-induced perturbations in ground level magnetic field
were observed, suggesting changes in the ionospheric currents
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during the event. The structure and origin of these currents
remain an open question.

• Low-cost, decentralized magnetometer networks like EZIE-
Mag are effective tools for detecting transient geophysical
phenomena.

• Citizen science participation provided high-quality data and
fostered broader public engagement in Heliophysics research.

• Key strengths included the simplicity of deployment, wide
geographic coverage, and the educational value of involving
participants with diverse background.

• Challenges included suboptimal deployment locations and
magnetic interference from nearby environmental sources.

• Future campaigns can be improved with in-person training,
the creation of informational videos, and real-time support for
participants.

• The EZIE-Mag campaign offers a scalable model for
future citizen science efforts in Heliophysics and space
weather research.
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