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Editorial on the Research Topic
Advances on upper-atmosphere characterization for geodetic space
weather research and applications

Predictive space weather modeling is a burgeoning field that aims to expand our
knowledge of how space weather impacts our environment and how we can better
anticipate and prepare for its effects. Scientists use a variety of sources, including
information gathered by satellites and ground-based instruments, to better understand
the behavior of solar wind, solar radiation, and cosmic rays, and how these phenomena
interact with near-Earth space. These data are then used to model and predict space
weather patterns that help decisions and actions to reduce risks and ensure safety. There
are numerous areas where data on space weather plays a critical role in decision-making.
These include aviation and spaceflight, military operations, emergency management and
natural disasters preparedness, health and safety, environmental protection, global
transportation, energy production and distribution, and more. By leveraging geodetic
data from ground-based and Earth-orbiting satellites, as well as other types of
instrumentation, scientists and decision-makers can monitor and predict the effects
of space weather events to inform practical applications.

On 22 April 2017, the Focus Area on Geodetic Space Weather Research (FA GSWR)
was established in Vienna within the Global Geodetic Observing System (GGOS) of the
International Association of Geodesy (IAG). Figure 1 provides a visual representation of
the FA-GSWR organizational structure, illustrating the space-geodetic observation
techniques in orange and the solar observations in blue. To address the challenges
associated with the coupled magnetosphere-ionosphere-thermosphere (MIT) system,
significant progress must be made in geodetic observations of plasma and neutral
density, compositions, and velocities, as well as observations of energetic particles and
magnetic field perturbations both in space and on the ground. Moreover, advanced
theoretical and numerical modeling capabilities are necessary to support these

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fspas.2023.1211582/full
https://www.frontiersin.org/articles/10.3389/fspas.2023.1211582/full
https://www.frontiersin.org/articles/10.3389/fspas.2023.1211582/full
https://www.frontiersin.org/articles/10.3389/fspas.2023.1211582/full
https://www.frontiersin.org/articles/10.3389/fspas.2023.1211582/full
https://www.frontiersin.org/researchtopic/30852
https://www.frontiersin.org/researchtopic/30852
https://crossmark.crossref.org/dialog/?doi=10.3389/fspas.2023.1211582&domain=pdf&date_stamp=2023-05-10
mailto:andres@calabia.com
mailto:andres@calabia.com
mailto:a.calabia@uah.es
mailto:a.calabia@uah.es
https://doi.org/10.3389/fspas.2023.1211582
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/astronomy-and-space-sciences
https://www.frontiersin.org
https://www.frontiersin.org/journals/astronomy-and-space-sciences
https://www.frontiersin.org/journals/astronomy-and-space-sciences#editorial-board
https://www.frontiersin.org/journals/astronomy-and-space-sciences#editorial-board
https://doi.org/10.3389/fspas.2023.1211582

Calabia et al.

Solar

observations

MIT system

Magnetosphere )

&

Thermosphere

%

lonosphere
Plasmasphere

Dynamic g Attitude
Orbit and Navigation manoeuvres
Determination (magnetorquers)
Space-geodetic observation
techniques
GNSS, DORIS, SLR, ...

(applications)

FIGURE 1

Structure of the IAG GGOS Focus Area on Geodetic Space Weather
Research including the components Magnetosphere, Plasmasphere,
lonosphere and Thermosphere. Source: https://ggos.org/about/org/fa/
geodetic-space-weather-research/objectives/.

observations (Heelis and Maute, 2020). The establishment of the
FA GSWR within the GGOS represents an important step
forward in the study of space weather.

In recent decades, the negative effects of space weather
conditions on modern technologies have become a significant
As
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through in situ and remote sensing, and countless other
applications continues to grow, mitigating the impacts of space
weather has become a critical priority. It is essential to understand
the complex interplay between the Sun, Earth’s atmosphere, and
space weather to protect the technological infrastructure that we rely
on daily. By studying the thermosphere, ionosphere, and their
interactions with the Sun and lower atmosphere, we can develop
better models for predicting and mitigating the effects of space
weather. This will help ensure the continued functionality and
reliability of critical technologies that are essential to our modern
way of life.

The primary objective of this Research Topic is to showcase the
latest advancements in algorithms, methodologies, and techniques
for characterizing the upper atmosphere in the context of geodetic
space weather research and applications. The Research Topic
includes five manuscripts that focus on a range of research topics
related to this field. This Research Topic brings together the work of
leading researchers in the space weather community who are
dedicated to advancing our understanding of the upper
atmosphere and its relationship with space weather. Each
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manuscript  highlights the latest

atmosphere characterization and presents new and innovative

developments in upper
approaches to addressing key research questions. We believe that
the research presented in this Research Topic will be of great interest
to researchers, practitioners, and decision-makers in the field of
space weather.

First, we would like to introduce the instrumental advances on
new GNSS technologies done by Zhao and Lei, where the authors
show the effects of ionosphere dispersion on wideband GNSS signals.
This work shows the effects of the ionosphere dispersion on the
tracking of various wideband GNSS signals during quiet and active
ionosphere conditions. It shows that ionosphere dispersion may
cause correlation power loss and carrier-phase offsets in the phase
locked loop (PLL) output for wideband GNSS signal tracking but
would not result in an additional delay in the estimated code delay if
techniques for ionosphere dispersion compensation in receivers
were not implemented. The relationship between geomagnetic
storms and occurrence of ionospheric irregularities in the west
sector of Africa during the peak of the 24th solar cycle is
investigated in Ondede et al. This study focuses on the
relationship between geomagnetic storm occurrence and
ionospheric irregularity occurrence over the West African sector.
Their results showed that irregularities do not depend only on
geomagnetic storms, and there are other causes of ionospheric
irregularities. Moreover, a “Regional classification of time spectral
amplitudes in total electron content (Southeastern United States
during solar cycle 24)” is presented in Burkholder et al. This
study analyzes the spectral properties in the calculated TEC at a
cluster of GNSS receivers in and around Florida to investigate the
meso-scale structure of the ionosphere at mid-latitudes. They
suggest that spatio-temporal variations of spectral amplitudes in
the mid-latitude ionosphere are not dominated by a single process, and
the amplitudes of diurnal, seasonal, and solar rotation signals are well
ordered by magnetic latitude, which are superposed with meso-scale
deviations between stations separated by ~100s of km. Finally, we
would like to highlight the emerging interest on investigating the
lithosphere-ionosphere  coupling, and its implications on the
prediction and characterizations of future seismic events (e.g., Shah
etal., 2020). There are 2 additional papers along this line of study. Khan
et al. present the “Possible seismo-ionospheric anomalies associated with
the 2016 Mw 6.5 Indonesia earthquake from GPS TEC and Swarm
satellites.” This paper presents a statistical analysis of the TEC data from
GNSS ground receivers and Swarm satellites to determine seismo-
ionospheric anomalies associated with the Mw 6.5 Sumatra earthquake
that occurred in Indonesia on 6 December 2016. The study provides
validation of a new statistical analysis method, and proposes to
implement such methods along with more satellite data to forecast
future earthquakes. Cahyadi et al. in their paper entitled “Three-
dimensional tomography of co-seismic ionospheric disturbances
following the 2018 Palu earthquake and tsunami from GNSS
measurements” analyzes the 3D tomography of the ionospheric
electron density anomalies of the 2018 Palu Earthquake using the
GNSS-TEC data.
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