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1. Abstract [1]

In February 2020, right at the start of the COVID-19 Pandemic, the COSPAR Panel on Space Weather
(PSW) 1n conjunction with the COSPAR International Space Weather Action Teams (ISWAT) Initiative
embarked upon a multi-faceted update to the 2015 COSPAR International Living With a Star (ILWS)
space-weather roadmap (Schrijver et al., 2015).

3. A Novel Approach to the Roadmap 2]

The roadmap 1s made up of many papers across two special i1ssues in the COSPAR Advances in
Space Research journal, with the first being research driven (December 2023) and the second
bringing together interdisciplinary aspects of space weather as well as looking at impacts, current
and future needs, and reviewing national/international capabilities (in-press 2024-2025). In
addition, the COSPAR International Space Weather Action Teams (ISWAT) 1nitiative (https://iswat-
cospar.org/) was used alongside the COSPAR Panel on Space Weather (PSW) to drive the roadmap
forward, which commenced just before the COVID-19 pandemic in February 2020.

The approach to be taken was for a community-driven space-weather roadmap to be developed within 2-
3 years of commencing, including papers across two distinct Special Issues of the COSPAR Advances in
Space Research journal. With various delays initiated by the pandemic, and then other factors coming
into play, the first Special Issue was only released in December 2023. This special issue focussed
primarily on the research as a driving force for advancing space weather through ISWAT.

The below-left figure shows the make-up of the ISWAT Initiative and the below-right figure shows

the make-up of the roadmap double special 1ssue.
The second special 1ssue (at time of abstract submission) has all 1ts papers submitted with an expected

publishing date in late Northern hemisphere summer of 2025 (just ahead of the UKSWSE III Meeting).
This second Special 1ssue focusses on overarching sub-domains of space weather, key impact pathways,
international collaboration and coordination, learning from terrestrial forecasting, an overview of the
COSPAR ISWAT Initiative, and an overarching high-level summary (Bis1 et al., 2025) of all the key
recommendations across the ~60 papers collectively making up the COSPAR PSW-ILWS 2025+ Space
Weather Roadmap.
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4. Recommendations

2. Introduction

Our modern society 1s highly reliant on technologies susceptible to the effects of space weather.
Satellites for navigation, communication, timing, and Earth observation, as well as terrestrial
infrastructures such as power grids, pipelines, and the aviation sector, are all vulnerable. This
roadmap underscores our growing reliance on these systems with the societal and economic risks.
We need to move beyond individual national/regional efforts to a more-unified global approach.

In all, there are 119 recommendations made across all areas of space weather research, monitoring,
operations, modelling, forecasting, data standards, infrastructures, and missions/instrumentation —
going beyond the Schrijver et al. paper which was predominantly research focussed and future
opportunities. We overview and summarise a selection of these recommendations in the following
subsections along with showing a breakdown of distribution of recommendations and their priority.
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4.1. Breakdown of Recommendations... [3]

Space weather 1s a rapidly evolving field, so this roadmap 1s designed as a living document. An
online database of the 119 rationalised recommendations will be maintained to allow for frequent
updates, ensuring the community 1s guided by the most current information. As it stands, the 119
recommendations of the paper have bee broken down into difference types and space-weather sub-
domains.

This overall approach fosters alignment among diverse stakeholders—researchers, forecasters,
engineers, and policymakers—and provides clear milestones for tracking progress into the future.

Summary of Recommendatons by Subdomain Classification

Number of Recommendations for Each Summary of Recommendatons by Key Theme Classification
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£ 60
(=]
2 55
-9
= 50
2 45
=
< 40
é 35
g 20
E s
[*)
10
5
o B o
1 2 3 4 5

L
<
=
>
Priority Classification Key Theme Classification Subdomain Classification

— — (] [S*]
n [=] wn

(=]
p— e D D ) ) e

SO L O O b O L

= wn

I ==
=1
8

5
g

Sun
SEP
Other

=
=}

t

Number of Each Key Theme Classification

eI
ecture and
Transfe
Cross-cutting
Ionosphere
Ground

1d Coordinat
Heliosphere
atmosphere

m
Networks
New Instrumentation
monised Acc
R202R
Magnetosphere
Middle to lower

ent, Uncertaint
Number of Each Subdomain Classificaion

Advance Understanding

Preserve/Upgrade Existing
Multiple subdomains

eration, ar
(neutral density)

P

Improve Models and Forecasts
Observations/Measur
Knowledge Capture and
Collaboration, Commu
Radiation and particles
Thermosphere / exosphere

Improve Exploitation of Availabl
Assessi

Number of Re
FAIR Information Archit
Open H

The above bar charts show a breakdown of the recommendations by priority (left), type (middle),
and space-weather sub-domain (right) as used 1n the roadmap.

4.2. Cross-Cutting Themes and the Importance of R202R...

A key requirement for the space weather enterprise 1s establishing collaborative Research-to-
Operations-to-Research (R202R) pipelines. This feedback loop accelerates the process of
transitioning promising research, datasets, and modelling-advancements into practical, operational
forecasting capabilities that can be used by civil and military forecasting centres worldwide. The
below-left figure shows a visual breakdown of the key recommendation areas as alluded to in
Section 4.1. The section references on the figure refer to those in the paper and not on this poster.
The central, cross-cutting themes of information architecture, assessment, knowledge transfer, and
collaboration are essential for connecting progress in the four main quadrants. The below-right
figure shows a “target” signifying the importance of the R2Z02R cycle.
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4.3. Advance Understanding and Assessment and Validation... [4]

These categories focus on improving our fundamental scientific knowledge of space weather
phenomena and in ensuring that space weather models and predictions are accurate and reliable.

* Conducting focussed studies to understand the limitations of using magnetic indices in models.

* Improving understanding of processes that lead to the initiation of Solar Energetic Particles
(SEPs) to enhance operational models.

* Advancing solar eruption prediction capabilities from active regions and improving forecasts for
coronal mass ejections (CMEs).

* Exploring the propagation of CMEs and solar wind disturbances to improve their forecasting.
 Gaining a better grasp of the physics behind 1onospheric and magnetospheric variability,
particularly during quiet times.

e Improving our knowledge of solar wind variability and its effects on Earth's magnetosphere.

» Establishing standardised, quantitative, and objective model validation procedures, including the
use of automated tools and community scoreboards.

* Developing and assessing end-to-end, physics-based risk analysis models.

* Developing next-generation, coupled geospace modelling systems for comprehensive analysis.

» Establishing a community-wide process for the validation and verification of operational
products and models.

4.4. Observations and Instrumentation...

These recommendations summarise current and future capabilities to be maintained and developed.

* Securing the long-term preservation and upgrading of existing networks for both ground-based
and space-based observations.

* Maintaining the measurement of solar proxies that are widely used for operational purposes.

e Continuing synoptic observations of the Sun at radio and optical wavelengths.

« Upgrading ground-based facilities to improve the accuracy and spatial resolution of data.

* Developing a constellation of satellites for global, continuous monitoring of the auroral oval.

* Building a dedicated global ionospheric monitoring system.

* Deploying new instruments to measure solar wind properties at the L1 point and also at other
locations throughout the heliosphere (prioritising L5).

* Enhancing capabilities to measure solar 1irradiance and energetic particles.

* Developing new ground-based instruments to complement existing networks as well as upgrading
those to space-weather capabilities (e.g. LOFAR across Europe)..

5. Summary

The roadmap 1dentifies several key scientific and technical challenges that currently limit our ability
to predict space weather with the necessary accuracy and timeliness. The roadmap highlights that our
fundamental physical understanding of key processes 1s incomplete. The roadmap outlines a path to
enhance our ability to predict and mitigate the risks posed by space weather by addressing the
critical scientific and technical challenges. It underscores that this 1s a global effort requiring
sustained investment in research, infrastructure, and international partnerships. By implementing the
recommendations, we can significantly improve the resilience and security of our technology-
dependent world against the impacts of space weather, ensuring a safer future for all.
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