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Phase I Workshop
• Space Weather Phase I Workshop task:

• Review of current space weather capabilities and potential 
improvements beyond the baseline; opportunities by small 
satellites, commercial sector collaborations

• Two workshops organized virtually, about 3 months apart

• Report in the form of Workshop Proceedings with contents
• National priorities and national strategy for space weather
• US Department and Agencies roles and capabilities
• International activities
• Space weather user community needs
• Strategic knowledge and observation gaps
• Other infrastructure issues

• Focus on current capabilities and future infrastructure needs

3



• While the Phase I workshop was oriented 
towards the identification of observations 
needed to advance space weather forecasts 
(operational needs), the Phase II workshop was 
more focused on the research agenda and 
observations needed to improve understanding 
of the Sun-Earth system that generates space 
weather consequences.  

• In addition to revisiting items from the Phase I 
workshop in need of further exploration, 
Phase II  sought to identify the key elements 
needed to establish a robust space weather 
research infrastructure.  

Phase II Workshop Context
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• Examine trends in available and anticipated observations, including the use of constellations of small satellites, 
hosted payloads, ground-based systems, international collaborations and data buys, that are likely to drive 
future space weather architectures; review existing and developing technologies for both research and 
observations;

• Consider the adequacy and uses of existing relevant programs across the agencies, including NASA’s Living 
With a Star (LWS) program and its Space Weather Science Application initiative, NSF’s Geospace research 
programs, and NOAA's Research to Operations (R2O) and Operations to Research (O2R) programs for reaching 
the goals described above;

• Consider needs, gaps, and opportunities in space weather modeling and validation, including a review of the 
status of data assimilation and ensemble approaches;

• Consider how to incorporate data from NASA missions that are “one-off” or otherwise non-operational into 
operational environments, and assess the value and need for real-time data (for example, by providing 
“beacons” on NASA research missions) to improve forecasting models; and

• Take into account the results of studies, including NASA’s space weather science gap analysis (part of the NASA 
Heliophysics Division's Space Weather Science Application program) and the NSF Investments in Critical 
Capabilities for Geospace Science (2016), to identify the key elements needed to establish a robust research 
infrastructure.

SWx Phase II Statement of Task
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Input material to Phase II workshop

• Planning the Future Space Weather Operations and 
Research Infrastructure: Proceedings from the Phase I 
Workshop: https://www.nap.edu/catalog/26128/planning-
the-future-space-weather-operations-and-research-
infrastructure-proceedings

• NSF Investments in Critical Capabilities for Geospace
Science: https://www.nsf.gov/geo/adgeo/geospace-
review/geospace-portfolio-review-final-rpt-2016.pdf

• NASA Heliophysics Space Weather Science Application 
Program

o NASA's Space Weather science gap analysis: 
https://science.nasa.gov/science-pink/s3fs-
public/atoms/files/GapAnalysisReport_full_final.pdf
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Setting the Stage: Recent Agency Actions
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NASA
• Space Weather Science Application Program (SWxSA) was created within the Heliophysics Division (HPD)      
• Space weather science and measurement gap analysis was carried out
• Architecture for Collaborative Evaluation (ACE), the first space weather “proving ground” was established 

under the R2O2R Framework, hosted by NASA Goddard Space Flight Center
NOAA
• Space Weather Prediction Testbed at NOAA Space Weather Prediction Center (SWPC) was launched to 

improve operational space weather services under the R2O2R Framework
• A coupled ionosphere/thermosphere model was released at the SWPC
• An Open-Architecture Data Repository (OADR) prototype environment by NOAA Office of Space Commerce 

was created to facilitate R2O transition related to space traffic management
• New source for operational coronal images will come from NOAA’s SWFO-L1 mission, target launch 2025
NSF
• A new research opportunity “Advancing National Space Weather Expertise and Research toward Societal 

Resiliency (ANSWERS)” was created
• A focus area on data infrastructure needs is in development
Interagency
• NASA – NOAA interagency agreement to provide space radiation environment support for human spaceflight
• NOAA and NASA, with SWORM (Space Weather Operations, Research, and Mitigation subcommittee) support, 

have formalized an R2O2R Framework
• User needs survey for space weather products in development by Space Weather Advisory Group (SWAG)



Agency priorities for Phase II workshop

NSF
• Definition of research needs and science priorities; 

infrastructure needed to achieve the science
• Diversity of the scientific community; 

partnerships with minority-serving institutions

NASA
• Input to Solar and Space Physics Decadal
• Interagency partnerships; collaboration and coordination

NOAA
• R2O; quantification of impact of scientific advances 

(eg, model improvements) to space weather users 
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Workshop agenda

• Session 1: User community and operations 
(including agency updates)

• Session 2: Research needs (from Sun to Earth)

• Session 3: Observation and model needs 

• Session 4: Data science and analytics 
(including data assimilation and machine learning)

• Session 5: New architectures
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High-level summary I : Systems science

• Systems science approach is required to reach the level of understanding required to predict geospace
behavior, which will involve coordinated and concurrent space-borne and ground-based measurements 
combined with advanced data science, modernized data infrastructure, and modeling tools.

• Multi-satellite missions are necessary for understanding the processes that take place over vast regions of 
space at many different scales. While technological advances now enable multi-scale, multi-region 
observations,  such missions require substantial investments in inter-calibration of the instruments as well 
as developing robust methods to incorporate data into interpretive models. 

• Data scarcity is a significant issue, as the rare extreme events are not well represented by currently 
available datasets, and thus pose challenges for current machine learning and physics-based validation 
models.

• Future needs to improve the accuracy of predictions will include increased model resolution (computational 
power), improved representation of physical processes (scientific understanding), and use of advanced data 
assimilation techniques (new analysis methods). 
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High-level summary II: Community
• Multidisciplinary research community: The space weather community is increasingly multidisciplinary, as 

optimal use of new methods such as ensemble modeling, data assimilation, or machine learning requires 
bringing in experts from computer science, Earth sciences, space technology, and other fields. While these 
methods have been applied in other fields to other data sets, their application to space weather prediction 
problems requires development of dedicated data sets as well as methods tuned to the specific problem, 
i.e, substantial cross-disciplinary learning between the discipline scientists and the methodology developers.

• Multifaceted data acquisition: While commercial data acquisition may offer valuable opportunities, the use 
of such data faces challenges as the vendors must have an appealing value proposition to hosting an 
instrument or providing data, to compensate the additional effort and customization.

• Multi-use of instrumentation: There is a need to increase the operational infrastructure by incorporating 
data from scientific or (future) commercial missions into operations. This will require preplanning and 
coordination between the science and operations agencies to address potential issues regarding calibration, 
data uniformity, and latency. 

• Diversity of workforce: There is a recognized need to grow and maintain a more diverse (including but not 
limited to racial and gender diversity) space weather workforce.
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Research, Observation, and Modeling Needs: 
The Sun and Heliosphere
• Addressing the entire system of systems is important for understanding and predicting the system’s 

behavior in all areas of space weather. 

• Systems science with the Heliophysics System Observatory (HSO) is done on an ad-hoc basis, as the HSO
has not been strategically planned from a systems-science perspective, and HSO missions are evaluated 
solely on that individual mission’s science goals.

• Inter-calibration of the observing instruments and robust methods for incorporating data into models are 
crucial elements in forming the global view of the Sun and the heliosphere from multiple vantage points. 

• Monitoring the Solar photospheric magnetic field at high time cadence is  the  single most important 
measurement for predicting and understanding the state of the corona and its time evolution. 

• Continuous, global monitoring of the solar corona and near-Sun heliosphere state is important for 
understanding the sources of space weather.

• Tracking the evolution and propagation of coronal mass ejections (CME) in three dimensions is important in 
order to develop and validate CME models. 
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Research, Observation, and Modeling Needs: 
Ionosphere, Thermosphere, and Mesosphere
• Addressing the entire system of systems is important for understanding and predicting the system’s 

behavior in all areas of space weather. 

• Multipoint measurements in an arrangement providing global coverage are key in resolving the space 
weather processes. Inter-calibration of the observing instruments as well as development of robust methods 
for incorporating the data into models are crucial elements of success.

• The Earth’s magnetosphere needs to be studied as a system of systems, with focus on both better 
observational coverage (both space-based and ground-based) and modeling of the mesoscale processes.

• Understanding the ionosphere and thermosphere system and the couplings from both above and below 
are needed to predict space weather. The multi-scale and multi-step physical processes are important in 
understanding the ITM system, but they are neither well observed nor well modeled. Forcing of the near-
Earth plasma by the atmosphere from below is an understudied aspect of space weather. 

• Extreme space weather conditions are rare, and there is a lack of understanding of extreme space weather 
conditions, their drivers and impacts. 
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Research, Observation, and Modeling Needs: 
Ground Effects
• Addressing the entire system of systems is important for understanding and predicting the system’s 

behavior in all areas of space weather. 

• Inter-calibration of the observing instruments and robust methods for incorporating data into the models 
are crucial, given the importance of multiple viewpoints and global coverage.

• More observations covering all aspects of extreme events are needed to understand their causes, 
variability, propagation and evolution, and impact on individual infrastructures such as power grids. 

• A dense network of ground-based geophysical measurements, including those provided by the private 
sector, will be required to better understand and provide high-confidence, long lead-time predictions of 
geomagnetic disturbances and geomagnetically induced currents.
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Modeling, Validation, and Data Science I: 
Methods
• Machine learning (ML) is a promising approach, but currently limited by data quality and quantity.

• Space weather community does not yet have the data ecosystem needed to create ML–ready data sets
• All domains lack data related to extreme events
• Space weather needs interpretive models to understand the phenomena, as opposed to typical ML “black box” applications

• Data assimilation (DA) holds significant promise, but is not a “one size fits all” approach
• DA requires tuning across domains that cover disparate physics and vast ranges of temporal and spatial scales
• Limited by suitable data, characterization of data uncertainty and computational capacity

• Ensemble modeling has the potential to significantly improve space weather predictions
• Use of multi-model ensembles will require additional research and development as well as additional resources, such as greatly 

increased data storage and computational capacities

• Data scarcity is a real issue
• The space weather field is simultaneously data starved and not efficiently using available data
• Existing data format, latency, metadata, (inter)calibration, or error information does not often match current modeling needs

• Robust uncertainty quantification methodologies will be important for space weather as a system science.
• Model uncertainty and data-representativeness uncertainty will need to be quantified systematically across the different models
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Modeling, Validation, and Data Science II: 
Processes 
• Cross-agency coordination efforts would benefit space weather data science, especially to coordinate data-

archival standards, promote data fusion and reuse, and support data revitalization for machine learning, 
ensemble modeling, and data assimilation.

• Resources are needed to archive and curate data and model outputs in such a way that the findable, 
accessible, interoperable, reusable (FAIR) principles are satisfied.

• Observing system simulation experiments (OSSEs) can be valuable in cost-benefit evaluations of some data 
sets to be used in ML and DA approaches, but not all domains are mature enough for the OSSEs to be useful.

• Workforce investments are needed for advancing space weather data science.
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Agenda and Speakers: April 11-14, 2022
Session 1: User community 
and operations
Keynote on Results from 
Phase I
• Mary Hudson, Dartmouth
Agency Panel: Recent updates
• Jim Spann, NASA, Mangala 

Sharma, NSF, Elsayeed
Talaat, NOAA

Interagency Partnerships
• Jinni Meehan, NOAA/NWS, 

Dan Moses, NASA/HPD, 
Tammy Dickinson, Science 
Matters, Inc., Sage 
Andorka, US Space Force

Space Weather Operations
• Mark Olson, NERC, Hazel 

Bain, NOAA/SWPC, 
Michele Cash, 
NOAA/SWOC, Mike Stills, 
Villanova University, Scott 
Leonard, NOAA/OSC

People perspective
• Eddie Gonzalez, 

NASA/GSFC, MacArthur 
Jones, NRL, Fran Bagenal, 
University of Colorado

Session 2: Research needs
Keynote Presentations
• Drew Turner, JHU/APL, 

Judy Karpen, NASA/GSFC, 
Noé Lugaz, New 
Hampshire Katie 
Whitman, NASA/JSC, Jeff 
Love, USGS

Ionospheric state and 
irregularities
• Seebany Datta-Barua, 

Illinois Tech, Charles 
Caranno, Boston College 
Jonathan Snively, ERAU, 
Sean Bruinsma, CNES, 
Greg Ginet, MIT

Cross scale and cross-region 
coupling
• Josh Semeter, BU, 

Jonathan Rae, 
Northumbria, UK, Astrid 
Maute, UCAR, Joe Huba, 
Syntek, Seth 
Claudepierre, UCLA

Session 4: Data science and analytics:
Keynote presentations 
• Ricardo Todling, NASA/GSFC, Enrico 

Camporeale, CU/CIRES
Data/model resources and curation
• Carrier Black, NSF, William 

Schreiner, UCAR, Jack Ireland, 
NASA, Rob Redmon, NOAA, Masha 
Kuznetsova, NASA/CCMC, Alec 
Engell, NextGen Federal Systems

Data fusion and assimilation
• Tomoko Matsuo, U Colorado, Alex 

Chartier, JHU/APL, Bernie Jackson, 
UCSD, Mark Cheung, Lockheed 
Martin, Eric Blasch, Air Force Office 
of Scientific Research, Slava Merkin, 
JHU/APL

Machine learning and validation
• Jacob Bortnik, UCLA, Asti Bhatt, SRI, 

Shasha Zou, U Michigan, Morris 
Cohen, Georgia Tech, David Fouhey, 
U Michigan, Hannah Marlowe, 
Amazon Web Services

Ensemble modeling panel
• Eric Adamson, NOAA/SWPC, Kent 

Tobiska, Spacewx SET, Dan Welling, 
University of Texas Arlington, Sean 
Elvidge, University of Birmingham, 
Nick Pedatella, UCAR Edmund 
Henley, UK Met Office

Session 5: New 
Architectures
Sun and heliosphere
• Justin Kasper, BWXT 

Technologies, Nicole 
Duncan, Ball Aerospace, 
Tom Berger, University of 
Colorado, Sue Lepri, 
University of Michigan, 
Angelos Vourlidas, 
JHU/APL

Magnetosphere-
ionosphere-thermosphere
• Phil Erickson, MIT, Brian 

Anderson, JHU/APL, 
Allison Jaynes, University 
of Iowa, Katelynn Greer, 
University of Colorado, 
Mike Nicolls, SpaceX

Session 3: Observation and model needs
Sun
• Todd Hoeksema, Stanford, Sarah 

Gibson, UCAR, Cooper Downs, PSI., 
Craig DeForest, SWRI, Valentin Pillet, 
NSO, Phil Chamberlin, U Colorado

Solar wind
• Joe Borovsky, Space Science Institute, 

Vic Pizzo, NOAA/SWPC, Stuart Bale, 
UC Berkeley, Nick Arge, NASA/GSFC, 
Erika Palmerio, PSI

Magnetosphere
• Geoff Reeves, LANL, Christine 

Gabrielese, UCLA, Larry Kepko, 
NASA/GSFC, Lauren Blum, U Colorado, 
Matina Gkioulidou, JHU/APL, Vania 
Jordanova, LANL

Ionosphere and thermosphere
• Naomi Maruyama, U Colorado, Matt 

Zettergren, ERAU, Katrina Bossert, 
Arizona State, Bill Lotko, UCAR, Larisa 
Goncharenko, MIT, Hanli Liu, UCAR

Ground effects
• Adam Schultz, Oregon State, Jenn 

Gannon, Computational Physics Inc., 
Jesper Gjerloev, JHU/APL, Arnaud 
Chulliat, U Colorado, NOAA/NCEI, 
Antti Pulkkinen, NASA/GSFC, Anna 
Kelbert, USGS 17
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