The Importance of the Earth’s Atmosphere in Creating the Large Storms that
Affect Satellite Communications
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A study from an international team led by researchers from Nagoya University in Japan and the University of
New Hampshire in the United States has revealed the importance of the Earth’s upper atmosphere in
determining how large geomagnetic storms develop. Their findings reveal the previously underestimated
importance of the Earth’s atmosphere. Understanding the factors that cause geomagnetic storms is important
because they can have a direct impact on the Earth’s magnetic field such as causing unwanted currents in the
power grid and disrupting radio signals and GPS. This research may help predict the storms that will have the
greatest consequences.

Scientists have long known that geomagnetic storms are associated with the activities of the Sun. Hot charged
particles make up the Sun's outer layer, the one visible to us. These particles flow out of the Sun creating the
‘solar wind’, and interact with objects in space, such as the Earth. When the particles reach the magnetic field
surrounding our planet, known as the magnetosphere, they interact with it. The interactions between the
charged particles and magnetic fields lead to space weather, the conditions in space that can affect the Earth
and technological systems such as satellites.

An important part of the magnetosphere is the magnetotail. The magnetotail is the part of the magnetosphere
that extends away from the Sun, in the direction of the solar wind flow. Inside the magnetotail is the plasma
sheet region, which is full of charged particles (plasma). The plasma sheet is important because it is the source
region for the particles that get into the inner magnetosphere, creating the current that causes geomagnetic
storms.
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Although the importance of the Sun is well known, an international group of researchers aimed to solve the
mystery of how much of the plasma in the magnetosphere comes from Earth and how that contribution
changes during a geomagnetic storm. The group was led by Lynn Kistler, Nagoya University Designated
Professor and University of New Hampshire Professor (cross-appointment), Yoshizumi Miyoshi, Nagoya
University Professor, and Tomoaki Hori, Nagoya University Designated Professor. For their study, they used
data from a large geomagnetic storm that happened on September 7-8, 2017. During this time, the Sun
released a massive coronal mass ejection that collided with the Earth's atmosphere, resulting in a huge
geomagnetic storm. The impact disrupted the magnetosphere, leading to interference with radio signals, GPS,
and precision timing applications.

The researchers retrospectively analyzed the ion transport during this event using data from several space
missions, including the NASA/Magnetospheric Multiscale (MMS) mission, the Japanese Arase mission, the
ESA/Cluster mission, and the NASA/Wind mission. They distinguished the ions from those of the solar wind
and from those of the ionosphere itself.

Using simultaneous measurements of the solar wind composition to track the source changes, they identified
substantial changes in the composition and other properties of the near-earth plasma sheet as it developed.
These properties of the plasma sheet, such as density, particle energy distribution, and composition, affect the
development of the geomagnetic storm.

At the start of the main phase of the storm, the source changed from solar wind dominated to ionosphere
dominated. “The most important discovery was that at the beginning of the geomagnetic storm, the plasma
changed from mostly solar to mostly ionospheric,” explained Kistler. “This shows that the geomagnetic storm
drives more outflow from the Earth’s ionosphere, and that the ionospheric plasma can move quickly
throughout the magnetosphere.”

“Overall, our research contributes to understanding the development of geomagnetic storms by showing the
importance of Earth’s ionospheric plasma,” she continues. “We found compelling evidence that plasmas from
not only the Sun but also the Earth drive a geomagnetic storm. In short, the properties of the plasma sheet
(the density, the particle energy distribution, the composition) will affect geomagnetic storms, and these
properties are different for different sources.”

Nagoya University has a history of about 150 years and has been pursuing excellence since its founding. Six of
the 18 Japanese Nobel Prize-winners since 2000 did all or part of their work at Nagoya University. A number of
other important discoveries have also been made at the University, including the Okazaki DNA Fragments by
Reiji and Tsuneko Okazaki, and depletion forces by Sho Asakura and Fumio Oosawa.

The University of New Hampshire inspires innovation and transforms lives in our state, nation and world.
More than 16,000 students from all 49 states and 82 countries engage with an award-winning faculty in top-
ranked programs in business, engineering, law, health and human services, liberal arts and the sciences
across more than 200 programs of study. A Carnegie Classification R1 institution, UNH partners with NASA,
NOAA, NSF, and NIH, and received over $210 million in competitive external funding in FY23 to further explore
and define the frontiers of land, sea and space.
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