


Artemis Responsibilities

• Space weather forecasting

• Gaps in our current technology have been identified – focus on 
understanding of SPEs and implications for other areas



Where are We?



Starport ID Gap Title Gap Type Categorization
725 Probabilistic Risk Models of Crew Health Knowledge Gap Near Term Architecture Enabling

1020 Biomedical Countermeasures to Mitigate Health Effects from 
Exposure to Space Radiation

Knowledge Gap Mid Term Architecture Enabling

Space Radiation Biomarker Technologies for In-flight Monitoring and 
Health Management

Knowledge Gap Mid Term Architecture Enabling

Gaps address the needs for 
• Reliable risk modeling
• Countermeasures for effects of radiation exposure
• Understanding early indications of pathological changes



Starport ID Gap Title Gap Type Categorization
364 Radiation shielding - Solar Particle Event (SPE) Engineering Gap Near Term Architecture Enabling

1173 Radiation Shielding: Galactic Cosmic Radiation – Passive Technologies Development Gap Mid Term Architecture Enabling

1179 Radiation Shielding: Combined Galactic Cosmic Radiation (GCR) with 
protection from Solar Particle Events (SPEs) – Active Technologies

Technology Gap Mid Term Architecture Enabling

Gaps address the need for improved shielding capabilities for the varied space environment conditions



Starport ID Gap Title Gap Type Categorization
733 Advanced space radiation environment characterization systems: 

charged and neutral particle spectroscopy
Technology Gap Near Term Architecture Enabling

735 On board dosimetry systems ' charged particle alert and warning Engineering Gap Near Term Architecture Enabling

Gaps address the need for improved monitoring of the space environment



Starport ID Gap Title Gap Type Categorization
362 Solar Particle Events: Radiation models and forecasting Development Gap Near Term Architecture Enabling

883 Earth-independent Space Weather Forecast and Crew Alert Systems Development Gap Mid Term Architecture Enabling

915 GCR Radiation models and forecasting - Prediction of solar cycle 
modulation

Knowledge Gap Mid Term Architecture Enabling

Gaps address the need for improved 
• Understanding of long-term behavior of the space environment
• Prediction and quantification of short-term changes to the space environment



Solar Particle Events (SPE): Radiation 
Models and Forecasting

• Increased warning times and accuracy of real-time operational forecasting is 
needed to inform mission operations of radiation hazards following development 
of the SPE event as well as the prediction of all clear periods. 



Solar Particle Events (SPE): Radiation 
Models and Forecasting



Solar Particle Events (SPE): Radiation 
Models and Forecasting



Intensity Scoreboard showing model outputs for 28 Mar 2022 ESPE. Featured models include the 
empirical models UMASEP, REleASE and SEPMOD as well as the physics-based model SEPMOD.



Earth-Independent Space Weather 
Forecast and Crew Alert Systems

• Develop real-time, operational, autonomous forecasting software fed by solar 
observational inputs capable of monitoring/predicting SPE radiation hazards 
without access to Earth-based communications. 



Earth-Independent Space Weather 
Forecast and Crew Alert Systems



Earth-Independent Space Weather 
Forecast and Crew Alert Systems
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Deliverables
1. [RAD.DEL.1] Scoreboards 

delivered for testing on Artemis I. 
[TRL 6/7] Q4FY22

2. [RAD.DEL.2] Scoreboards 
delivered for usage on Artemis II 
& II.I [TRL 8] Q4FY24

3. [NEW] Scoreboards delivered for 
usage on Artemis IV & V. Q4FY27

Decision Points
a) [RAD.DEC.1] Assessment of 

Space Weather Research and 
Scoreboard progress – Annual 
Review

b) [RAD.DEC.2] Assess Model 
Performance and integrated 
scoreboard platform – Annual 
Review

Dev. Peak Flux Scoreboard (EC)

Dev. Time Profile Scoreboard (EC)

Develop ‘All-Clear’ Display (EC)

Scoreboard Platform Testing and Validation (EC)

Incorporate Dose Response 
(‘Acute Radiation Risk Tool’)

Solar Maximum
Solar Minimum
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STPRT.883 : Earth-independent Space Weather Forecast and Crew Alert Systems 

STPRT.915 : GCR Radiation models and forecasting - Prediction of solar cycle modulation

STPRT.362 : Solar Particle Events: Radiation models and forecasting
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Dev. Flare scoreboard (EC) 
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Dev. Peak Flux Scoreboard II (EC)

Dev. Time Profile Scoreboard II (EC)

Develop ‘All-Clear’ Display  II (EC)

Dev. Flare scoreboard II (EC) 

NASA SMD HERMES (SM) /ERSA Payload Development (ESA)

Flight Rules & Concept of Ops Development Flight Rules and Concept of Ops Development 

Continual Assessment & Feedback on Research Model Performance with Community & SMD Support Programs (EC)

Validate and Integrate New Models into Scoreboards (EC

Gateway Operational Space Weather Instrument Suite8 9

Development and Testing of Semi-Autonomous Crew Space Weather Monitoring CapabForecasting Scoreboards Operational 9
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Flight Rules & Concept of Ops Development 

3
Scoreboard Platform Test & Validation (EC)2



Mission Impacts

• Closure of these gaps represents development and incorporation 
of technologies for crew protection during enhancements to the 
space environment


