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M2M SPACE WEATHER ANALYSIS OFFICE

Mission Statement: The Moon to Mars (M2M) Space Weather Analysis Office
was established to support NASA’s Space Radiation Analysis Group (SRAG) with
human space exploration activities by providing novel capabilities to characterize
the space radiation environment. M2M also supports NASA robotic missions
with space weather assessments and anomaly analysis support.

• M2M will work as the proving grounds and testbed 
for the capabilities that will eventually transition to 
operational agencies.



• The Integrated Solar Energetic Proton 

Alert/Warning System (ISEP) project is a 

partnership between CCMC and NASA 
JSC SRAG that began in 2018 to transition 

research Solar Energetic Particle models 

to operations.

• The project aimed to identify, transition, 
and evaluate new models (R2O), to 

develop software tailored for SRAG.

Community Coordinated Modeling Center/

Space Radiation Analysis Group Collaboration 

• CCMC has transitioned 6+ real-time 

models and built the SEP Scoreboard 

application.

• The tool was used in a real time setting by 

SRAG and M2M for the Artemis 1 mission.

https://ccmc.gsfc.nasa.gov/isep

https://sep.ccmc.gsfc.nasa.gov/probability/
https://sep.ccmc.gsfc.nasa.gov/intensity/
https://sep.ccmc.gsfc.nasa.gov/allclear/

https://ccmc.gsfc.nasa.gov/isep


• Artemis 1-A success for the future of human 

spaceflight. We are part of a new generation, 

the Artemis generation!

• A great success for the M2M team. We 

supported the mission 24/7 during the 25.5 

days of flight and worked closely with NASA 

SRAG and NOAA SWPC.

• A post-Artemis evaluation meeting between 

NASA SRAG, NASA M2M and NOAA SWPC 

was held on Jan 5-6 hosted by NOAA SWPC. 

• The next steps are many (changes in the 

scoreboard, discussion with model developers, 

data outages solutions and ways we 

communicate) but the collaboration with our 

agencies is stronger than ever. 



CCMC 

Local Environment

CCMC-SRAG-M2M

Shared Environment

M2M 

Environment

There are three distinct environments running ISEP-related software: 

Models received. Models containerized in AWS. Models deployed in production.

Each environment hosts versions of the SEP Scoreboards which include:

• Probability Scoreboard

• Intensity Scoreboard

• All Clear Scoreboard

General Infrastructure for ISEP Models and SEP Scoreboards



ISEP RESEARCH MODELS

Inputs Outputs

MAG4 • LOS or vector magnetogram (from 

SDO/HMI)

• Probability of SPE occurrence

UMASEP • Soft X-ray flux (GOES)

• Differential proton flux (GOES)

• SOD version only: Type-III Radio Burst Data 

(from NOAA/SWPC)

• Maximum proton intensity

• Time of threshold crossing

HESPERIA REleASE • Electron intensity (from ACE/EPAM or 

SOHO/EPHIN)

• Proton intensity for 30, 60, 90-minute 

prediction windows and two energy ranges 

(15.8-39.8 MeV and 28.2-50.1 MeV)

SEPSTER/SEPSTER

2D

• CME speed + width from DONKI

• Connectivity angle (from DSCOVR PlasMag, 

ACE SWEPAM, or 450 km/s + the Parker 

spiral equation)

• Peak proton intensity

• Time of the peak

SEPMOD • CME shock radial distance

• Magnetic connectivity to observer

• SEP intensity time profile



Overview of current M2M Activities

• Real-time analysis of SWx activity (7 days a week; 8am-4pm ET; Artemis-24/7)
• SWx notifications and weekly reports issued to support NASA missions (analysis of events in all directions).

• Documented/archived analysis to support research and requests for information.

• Support on anomaly analysis for NASA robotic missions

• Part of the GSFC Mission Resilience Program activities

• Support of information for NASA payloads in launch activities

• Integrated Solar Energetic Proton Alert/Warning System (ISEP)
• Host ISEP models and SEP Scoreboards within M2M environment on AWS.

• Offer real-time analysis of ISEP models in support of SRAG console operators as a proving ground of the new 

capabilities.

• Validate performance of ISEP models tested in a real-time operational setting during the Artemis mission.

SWPC_CAT

Resources used to support real-time analysis:



Framework of M2M’s Real-time Validation

Currently: M2M conducts an event-based validation in which the real-time model outputs for specific 

events of interest (e.g., SPEs/ESPEs or ICME arrivals) are evaluated. M2M validation studies include the 

following components:

I. Event Analysis (e.g., event onset, duration, associated activity, etc.)

o Details of each event analysis are documented in the M2M_Catalog within The Space Weather Database Of 

Notifications, Knowledge, Information (DONKI) hosted by CCMC.

II. Review of Human-in-the-loop Activities (e.g., CME analysis and model triggering)

o Real-time data availability for CME analysis, review of initial/updated CME measurements, and identified model 

triggers are closely examined.

III. Assessment of Model Performance (e.g., advanced warning time, prediction accuracy, etc.)

o The configuration and real-time outputs of each model are carefully evaluated by reviewing real-time model input 

data and relevant observational data.

https://kauai.ccmc.gsfc.nasa.gov/DONKI/


CME Scoreboard
https://kauai.ccmc.gsfc.nasa.gov/CMEscoreboard/

Example of CME with Community Predictions

• M2M assists with populating the CME Scoreboard with events and predictions

• Official arrival times are determined in consultation with ICME experts at NASA GSFC 

involved with the Large-Scale Structures Originating from the Sun (LASSOS) project.

Overview of M2M’s Real-time Validation Efforts

https://kauai.ccmc.gsfc.nasa.gov/CMEscoreboard/


HUMAN IN THE LOOP 
ANALYSIS/VALIDATION

PSP saw the event!



Activity Type 01 Jan – 28 Mar Notes for 01 Jan – 28 Mar

Numbered Active 

Regions
92

Notable Beta-Gamma-Delta Active Regions:

3181, 3182, 3184, 3186, 3190, 3194, 3217, 3234

8.7% of ARs were Beta-Gamma-Delta

Likely cause of significant far-sided halo on March 13 

Flares (M-class or higher) 119
X-class flares or higher: 6 

(X-class flares made up 5.04% of M-class or higher flares)

CMEs (>500 km/s) 159 CME: 2023-03-13T03:36Z measured with speed 2127 km/s

Coronal Hole High Speed 

Streams
22

16 (73%) observed at L1 (Possible cause: STA PLASTIC data has 

not been reliable)

Interplanetary Shocks 34
18 observed at L1; most notable signature at: 2023-03-23T09:10Z 

(Kp=8 storm).

Geomagnetic Storms (Kp > 

6)
2 NOAA KP: 8 for the periods 2023-03-24T06:00Z to 09:00Z. 

Radiation Belt 

Enhancement
6

Energetic electrons were elevated above 1000 pfu from Feb 28 to March 

10.

Solar Energetic Particle 

Events
3

1. 2023-02-25T21:10Z (GOES) (M6.3-flare)

2. 2023-03-13T07:45Z (GOES) (Significant far-sided halo CME)

3. 2023-03-14T11:55Z (GOES) (Re-enhancement of March 13 

event due to CME arrival?)

Space Weather Highlights
January 01 to March 28 



• Anomaly Analysis are requested by NASA 

missions several times a week/month.

• An assessment is prepared and sent to the 

mission team for their evaluation and decision. 

• Sometimes follow up meetings are required 

when an evaluation board is conducted, and 

the space weather environment is presented 

by our team. 

• Critical decisions are made that take into 

account the space weather assessment. 

• Supported missions include:

MMS, ACE, STEREO, IBEX, Aqua, Aura, Terra, 

Landsat, VAP, GPM, Spitzer, DSCOVR, GOES, 

TDRSS, OSIRIS-Rex, SDO, Ingenuity, JWST, 

etc.

We also work closely with the GSFC 

Mission Resilience and Protection Program 

(former SAPP) and we are part of the 

procedures for mission anomalies.

The support has been very important for 

the development of new missions. 

Anomaly Analysis Support for NASA 

Robotic Missions



• We need the location of mission 
and the time of the event. It also 
helps to have an idea of what 
happened. 

• We then look at the overall 
conditions: 

• Flares and coronal mass ejections 
(CMEs)

• Particle environment

• Geomagnetic Conditions

• Localized environment (if possible, 
TEC, auroral oval location, etc.)

Real time anomaly assessment is 
very challenging.  We try to look 
for every model and dataset 
available with the understanding 
there is much more validation 
needed.

SWx Assessment Steps Taken

https://iswa.ccmc.gsfc.nasa.gov/





Anomaly Support Example 



New Tool at CCMC
Develop by P. O’Brien et al. 



JWST Continuous 

Support



ANOMALY REQUEST SYSTEM



SWx Assessment Starlink Event
(Feb 3rd SpaceX Starlink Launch )

Following a report from SpaceX that up to 40 Starlink satellites were 

impacted by a geomagnetic storm, NASA requested additional information 

from M2M to answer the following questions:

• Was there notable SWx activity in the near-Earth environment around the 

SpaceX launch window?

• What caused the minor geomagnetic storm impacting Starlink satellites?

• What SWx predictions were made by M2M and other external forecasting 

groups around the time of this launch? 

• M2M promptly provided the relevant analysis information to NASA HQ, 

referencing M2M analysis documentation accessible via DONKI , CME 

Scoreboard, and iSWA (hosted by CCMC).

• Additionally, we coordinated directly with NOAA SWPC to evaluate the 

cause of geomagnetic activity and provided a thorough analysis of SWx

activity related to the observed enhancement in Kp activity.

CME Scoreboard

DONKI

iSWA

https://www.spacex.com/updates/
https://kauai.ccmc.gsfc.nasa.gov/CMEscoreboard/
https://kauai.ccmc.gsfc.nasa.gov/DONKI/
https://iswa.gsfc.nasa.gov/IswaSystemWebApp/


M2M analysts provided analysis of the SWx environment tailored to 

the James Webb Space Telescope launch criteria created by the 

JWST team. 

• On the week of the launch the team with daily space weather 

briefings and written reports. M2M extended its space weather 

monitoring hours around the launch to alert the JWST team 

about any significant changes in the SWx environment. 

• M2M analyst also collaborated with researchers of the science 

community to better analyze the SWx environment expected on 

the launch day. 

• On the day (and eve) of the launch, the M2M team participated in 

the online JWST Space Weather Launch Support Team meeting, 

contributing to continuous monitoring of potential threshold 

crossings and ongoing SWx discussion. On this day space 

weather was monitored around the clock (24 hours).

• M2M analysts monitored the availability of CCMC space weather 

analysis tools and kept in touch with the CCMC team/other 

mission data providers to quickly resolve issues and mitigate 

potential for outages. 

Credits: NASA/Bill 

Ingalls

Space Weather Support for 

NASA Mission Launches



• NASA space weather models predicted (image to right) that the CME would arrive 

at Mars on the day of Ingenuity’s second flight.  A combination of the CME 

parameters and NASA/ESA missions’ observations showed that the CME would not 

produce a harmful radiation environment for operations. Observations from Solar 

Orbiter and RAD (Curiosity) confirmed these predictions. 
Mars

CME

Earth

Plasma density results 

from the WSA-

Enlil+Cone model for 

the 17 April 2021 

Mars-directed CME.

STEREO A COR2 image from 17 April 2021 1708 UTC of Mars-directed CME

Mars-Directed 

CME

STEREO A 195 image from 17 April 2021 1645 UTC of Mars-directed flare

Mars-Directed 

Solar Flare
• Two days before Ingenuity’s first flight, a solar flare was observed that 

produced a Mars-directed CME (coronal mass ejection). Images to left.

• Moon to Mars Space Weather Analysis Office (SMD, GSFC) and Space 

Radiation Analysis Group (HEOMD, JSC) teams immediately began 

providing PSD leadership and the JPL mission team situational 

awareness information and potential radiation impacts that could be 

felt on the surface of Mars.

Space Weather and Ingenuity’s Flights



• Given the challenges with deep space exploration missions, the Moon to Mars (M2M) Space Weather 

Analysis Office will conduct and provide model-based predictions and analyses as proving grounds of tool 

development in support of SRAG.

• M2M also supports NASA robotic missions with space weather assessments and anomaly analysis support.

• CCMC and M2M are collaborating to create an effective NASA in-house R2O2R pipeline in support of 

human spaceflight. 

• Currently working closely with missions like JWST, PSP, Solar Orbiter, and MAVEN (teams use our analysis 

and notifications to create a database specific for their mission). 

We always looking forward to pushing the envelope on the research development 

and are already working with other missions/groups to validate predictions of the 

space weather environment at different locations.  

Summary
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