
 
 
 

 1 

Space Weather Prediction and Forecasting in 2050 
A White Paper Based on Recommendations From the 2019 Chapman Conference on 

Scientific Challenges Pertaining to Space Weather Forecasting Including Extremes 
September 11, 2020 
Anthony J. Mannucci 

Jet Propulsion Laboratory, California Institute of Technology 

Background 
This white paper is based on the recommendations document that was developed following the 
Chapman Conference on Scientific Challenges Pertaining to Space Weather Forecasting 
Including Extremes, which was held on February 11-15, 2019 in Pasadena, California, USA.  
The recommendations are published at Zenodo.org (DOI:10.5281/zenodo.3986940). 
Discussions at the conference were captured and are published at Zenodo.org along with 
survey results (the table of contents of meeting artifacts is at DOI:10.5281/zenodo.3693004).  
 
Enormous progress in observing, understanding and modeling the physical processes that 
constitute “space weather” have been made over the past 20 years. The progress made in 
predicting space weather, while significant, may be viewed as less spectacular. It is essential 
that the space weather community recognize this discrepancy: scientific understanding and 
modeling have progressed far more than predictive capabilities.  
 
We believe the fundamental reasons for the discrepancy can be attributed to the following: 

• Continuously available low latency observations directly relevant to space weather 
prediction have not advanced to a significant degree.  

• The inherent complexity of space weather requires developing new approaches to 
predictive modeling. Research models designed to advance understanding should not 
be considered as the sole basis for implementing predictive capabilities.  

Summary of Chapman Conference Recommendations 
Observations determine space weather capabilities: the indispensable element of any 
predictive capability for space weather is observations. The quantity, locations, accuracy and 
latency of relevant observations determines the sorts of predictions that can be achieved 
reliably. We recommend that the research community develop robust methods for 
determining the observations needed to achieve specific predictive capabilities. Such 
methods should be as quantitative as possible and be tailored to specific space weather 
prediction scenarios. Developing such methods will permit prioritization of observations for 
predictive purposes. To achieve this capability requires joint participation by the full spectrum of 
the space weather community, spanning basic research to operational application, including 
academia, government and the private sector.  
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Space weather prediction requires the development of new approaches: the complexity of 
space weather physics requires that the research community develop new and disruptive 
approaches for space weather prediction. Adapting the techniques that have succeeded in 
terrestrial weather is not sufficient. Space weather prediction requires coupling different 
physical domains over the vast region from sun to Earth. Predictive space weather capability 
development should include a community-based approach, similar to what has been 
achieved in climate modeling (e.g. the Community Earth System Model).  

Space Weather Prediction in 2050 
The following chart describes our view of space weather prediction in 2050: 

Description 
Acquiring observations will continue to consume most of the resources devoted to space 
weather. Integration of observations into data assimilative models is critical for accurate 
prediction. By 2050, the community will develop methods to quantitatively estimate the benefit of 
a given observing system to a specific use case. It is critical that robust methods are developed 
for determining the observations needed to achieve specific predictive capabilities. 
 

 
Figure 1: Space weather prediction and forecasting in 2050.  
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The enormity of the space weather prediction challenge dictates that entirely new and 
“disruptive” approaches will be developed by 2050. Reductionist first-principles modeling is not 
be the sole means of generating useful quantitative predictions with associated uncertainties. 
Regular patterns in nature can lead to predictable outcomes despite that those patterns are not 
fully understood or described theoretically. Machine learning and data-driven modeling based 
on dynamical systems theory, or other means, will be implemented to develop predictive 
methodologies. 
 
Practical predictive outcomes depend not only on our understanding of physical processes, but 
also on the available observations from a vast area spanning the sun, to the magnetosphere of 
the Earth, to the bottom of the ionosphere. By 2050, models will incorporate observations 
acquired across these vast scales in space and time to form the basis for accurate predictions 
as the field of space weather advances.  
 
As predictive capabilities increase, there will be increased understanding of how to define the 
temporal and spatial scales, and the lead times, for which prediction is practical given the 
planned available observations. Uncertainty quantification methods for space weather will ne 
much more mature in 2050. 
 
In 2050, predictive space weather capability development will leverage community-based 
approaches, similar to what has been achieved in climate modeling (e.g. the Community Earth 
System Model). Community-based modeling focuses the efforts of multiple research and 
implementation groups on an openly accessible backbone suite of capabilities and tools that are 
open to inspection and development at the source code level. The community will determine 
those aspects of space weather prediction that are most amenable to a community-based 
approach. Funding agencies will support community-based modeling that advances space 
weather prediction and understanding. 
 
Private sector involvement: we believe that the diversity of space weather prediction needs, 
and the diverse physical domains where predictions are useful, suggests that a vibrant private 
sector will have emerged by 2050 to address these diverse needs. Official government 
forecasts, which are expected to continue and be critically needed, will not be the sole source of 
predictions and forecasts.  
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