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Abstract

The new solar cycle and the increasing use of technological
systems that make humans increasingly vulnerable to the
effects of Space Weather have made the study of socio-
economic impacts in the upper atmosphere useful and
necessary. This paper therefore aims to raise awareness
among as many people as possible of the importance of
quantifying the socio-economic impacts of Space Weather
to calculate the costs associated with mitigation actions in
the sectors most affected.

1 Introduction

The PITHIA Network of Research Facilities (PITHIA-
NRF) is a research infrastructure funded by the European
Union’s Horizon 2020 research and innovation program
under Grant Agreement No. 101007599 that aims at
building a European network integrating observing
facilities, data collections, data processing tools, and
prediction models for the study of the Earth’s Ionosphere,
Plasmasphere, and Thermosphere.

The project is expected to lead to research advances in data
access and analysis and to the development of models with
improved predictive power of those upper atmosphere
phenomena (ionospheric variation, ionospheric
irregularities, polar cap absorption, thermospheric drag,
among others) which pose not only scientific but also
societal challenges. For example, as shown in Table 1.
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Space Weather effects in the lonosphere and Thermosphere
affect the performance and reliability of several essential
space-borne and ground-based technological
infrastructures, such as Earth observation systems (e.g.,
low-frequency Synthetic Aperture Radar (SAR), satellites
(e.g., GNSS satellites), electricity grids, ground-based
augmentation systems, astronomical observation systems
(e.g., Low-Frequency Array (LOFAR), and terrestrial radio
systems using high-frequency (HF) and very-low
frequency (VHF) communications [1].

In turn, failures in any of these infrastructures may disrupt
or render unavailable services of exceptional importance to
society, such as power or those (nowadays ubiquitous)
relying on accurate positioning, navigation, and timing
information, such as transport, surveying, or banking.
Beyond supporting the design of technologies mitigating
the upper atmosphere effects, PITHIA-NRF, wishes to
contribute to the ongoing effort of estimating the
socioeconomic impacts of Space Weather, focusing on
continental Europe. While no consensus has yet been
reached among practitioners on the most suitable approach
for tackling this challenging task [2], in recent years, a few
studies have indeed advanced our understanding of the
nature of impacts and put forth frameworks defining
socioeconomic impacts indicators [2] and quantitative
methodologies [3,4]. Our paper aims to contribute to such
a framework. To the scope, our work moves from an
assessment of how the upper atmosphere phenomena act on
technological infrastructures and inhibit them, totally or
partially, from providing their services. Then, a literature
review on previous space weather socioeconomic impacts
describes the consequences of “moderate” and “extreme”
Space Weather events over Europe. In particular our work
follows the approach in [2] to quantify the impacts of the
upper atmosphere phenomena on power grids and
satellites, therefore considering the repercussions on the
use of GNSS and application fields such as aviation and
railways In our view, the Abt Associates report [2] presents
the most suitable framework for our work, computing
lower and upper bound estimates for several economic
sectors, and relying on stakeholders’ perspectives on
impacts. Our future step will be the refinement of our effort
by eliciting stakeholders’ inputs collected during the three
Innovation Days organized during the PITHIA-NRF
project.
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While LEO satellites are less vulnerable to cumulative
dosage or anomalies caused by Solar Particle Events
(SPEs) than those in Geostationary Orbit (GEO) and
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Medium Earth Orbit (MEO), reducing costs associated
with defensive investments, their most significant risk
comes from atmospheric friction and orbit decay caused by
variable drag forces in the thermosphere (atmospheric
drag). The launch of SpaceX's 49 Starlink satellites in
February 2022 can be seen as an example of how even a
modest space storm can have significant practical and
financial consequences. The increased atmospheric drag
associated with a small geomagnetic storm caused the loss
of most of the 49 satellites launched.[5]

2.3 Aviation

In aviation, HF communications remain the primary means
of communication between poles (ICAO, 2015). From an
economic point of view, the results regarding the costs of
delay, cancellation, or diversion of flights in the event of a
total blackout of HF radio frequencies in Europe, the
United States and Canada are relevant.

Depending on the intensity and type of upper-atmosphere
phenomena, the time extension and the areas affected by
the disruption may vary (from a few hours to several days
when considering low and mid-latitude regions and high-
latitude regions).

3 Considerations and future steps

According to NASA and NOAA Space Weather reports,
Solar Cycle 25 has begun, and the last forecast of the
Prediction Panel identifies the solar maximum to occur in
2025. Considering the direct and indirect economic costs
associated with upper-atmosphere phenomena, as shown in
Table 4, an accurate study is needed in relation to the
quantification of these types of impacts, which may occur
more frequently as moderate events, but extreme events
cannot be excluded.

Our literature review was conducted in relation to
predicting the socio-economic impacts of an extreme event
(e.g., Carrington event, 1859), as shown in Table 3, in LEO
satellites. However, we are receiving inputs that invite us
to extend our research towards a more in-depth study of
moderate events, likely less dangerous but occurring more
frequently.

The objective is therefore to calculate the associated costs
with mitigation actions in a given sector, considering the
risks posed by Space Weather in the upper atmosphere as
shown in Table 5.

Together with the Space Weather forecasting and real-time
Space Weather monitoring satellites, for which NOAA
already provides all the necessary information, it is the
economic point of view to support governments, asset
owners and commercial operators who are increasingly
vulnerable to technologies that could suffer losses,
especially during the future solar maximum.

Table 4. Economic costs associated with upper atmosphere
phenomena
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Table 5. Type of estimated cost for infrastructure
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