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SWx-TREC 

TREC is a new academic initiative to serve 

as a national center of excellence in cross-

disciplinary research, technological 

innovation and education in space weather. 

As an academic endeavor, SWx TREC 

provides new pathways for federal 

agencies, academia, commercial partners 

and industry to collaboratively address the 

nation’s evolving space weather 

forecasting, mitigation and response needs.  

Jeffrey P. Thayer, PI (AES), Tom Berger, 

Director (CEAS), Dan Baker (LASP), 

Steven Cranmer (APS), Chris Pankratz 

(LASP), Tim Fuller-Rowell (CIRES), Nils 

Halverson (APS), and Cora Randall (ATOC) 



Office of the Director 
Lead: Tom Berger  

(CEAS) 

Research 

Enterprise 
Lead: Jeff Thayer 

(AES) 

Modeling, 

Applications, and 

Data Technology 

(MAD Tech) 

Enterprise 
Lead: Chris Pankratz 

(LASP) 

Education 

Enterprise 
Lead: Steve Cranmer 

(APS) 

SWx-TREC Organization 

LASP CIRES ATOC APS AES 

University PI 
Jeff Thayer 



The R2O and O2R Cycle 

To accelerate R2O, need to support 

O2R and provide researchers access to 

operational models, data assimilation 

systems, and observations:  

 

“Keep R2O and O2R coupled”  

SWORM R2O Workshop Report, 2016 

Jedlovec, 2013: the SPoRT Paradigm 



The R2O and O2R Cycle 

Jedlovec, 2013: the SPoRT Paradigm 

TREC 

Office of the Director 

TREC 

Research Enterprise 

TREC 

MADTech Enterprise 

TREC 

Education Enterprise 
R2R 

R2R 

Research 

Community 



CSSP Meeting 30-March-2016  

Nowcasting/Forecasting 
Capabilities 

Physics-based, 
Assimilative, Empirical  

Current State 
of Scientific 

Understanding 

Research 
Observations 

Missions/Instruments
/ Facilities 

Targeted Modeling 
Research and 
Development 

Operational          
Models 

Operational 
Observations 

Fundamental, 
Supporting Research 

Targeted Sensor 
Capability Research 

and Development 

 

Dedicated  

R2O-O2R 

Centers  

Addressing R2O and O2R Problems 
R2O-O2R Center Version 

http://en.wikipedia.org/wiki/File:NASA_logo.svg




TREC Research Enterprise  
Improving and applying existing models, enabling missions, and developing new 

capabilities to improve space weather forecasting. 

MODELS MISSIONS / DATA CAPABILITIES 

WAM/IPE 

CTIP-e 

TIEGCM 

Physics-based 

drag modeling 

GOLD 

Van Allen  

     Probes 

MAVEN 

JUNO 

MINXSS 

CSSWE 

… 

• Space physics research 

• Solar physics research 

• Space instrumentation and 

 mission design 

• Aerospace engineering 

• CubeSat developments 

• Astrophysical and planetary  

 Sciences  

• Geospace modelling and 

 data assimilation 

• Satellite and mission data 

 management 



Problem Statement 

Transition of new Research models, mission data, and tools to Operational 
Forecasting is inefficient.   “R2O problem” 



Satellite Drag 

from Picone et al. 

2005 

Satellite drag errors degrade capability to: 
• Maintain accurate catalog of all space objects 

• Predict and avoid space collisions 

• Predict satellite reentry time & location 





Satellite Drag and the Upper Atmosphere 

Response to NASA ROSES Topic B.3  3 

 

predicted by some of the models and is largest in the exospheric region above 500 km. Note also 

that aerodynamic models such as the Semi-Empirical Satellite Accommodation Model (SESAM) 

are constrained by aerodynamic data but that this data has thus far been limited to altitudes below 

500km [Pilinski et al., 2013a]. Figure 1c and 1d demonstrate the discrepancies in atmospheric 

neutral densities between various atmospheric models computed along the paths of two satellites 

flying at 800 km and 600 km respectively. The differences between models can reach as much as 

100%. It has long been understood that a significant amount of these model discrepancies are 
caused by 

assumptions made 

about satellite drag 

coefficients during 
the construction of 

those models. 

Furthermore, 

the region of the 

atmosphere near 

and above 500 km 

is critical both 

scientifically and 
operationally. It is 

the source of 

material diffusing 

up into the Space-

Atmosphere-

Interaction-Region 

(SAIR), it is where 

many important 

geodetic satellites fly, and it is where much of the LEO space-debris and resident space object 

population shares space with critical NASA (A-train Earth Observation satellites, etc.), military 

(DMSP etc.), and commercial (Iridium etc.) assets (see Figure 2). Collision prediction in this 

region of space is strongly dependent on uncertainties in atmospheric drag modeling which is 

tied both directly (through CD) and indirectly (through atmospheric model construction) to 

assumptions made about gas-surface interactions on spacecraft surfaces. Although it is true that 
orbit perturbations like solar radiation pressure are generally higher than the magnitude of the 

satellite drag force above ~500 km, satellite drag is still the most variable of the two 

perturbations and the one which leads to more sporadic orbit prediction errors for example. 

The dependence of atmospheric solutions on gas-surface interactions has been described by 

multiple authors [Cook 1965, Nier et al. 1974, Imbro et al. 1975, Moe and Moe 2005, Pilinski et 

al. 2010, 2013a]. Several researchers have attempted to address the problem by basing satellite 

aerodynamic models on hyperthermal experiments but many of these studies have been hindered 

by the lack of knowledge about the actual surface conditions on the satellite. In particular, 
adsorption of reactive atmospheric species has been theorized to change the nature of the gas-

surface interaction in earth orbit and to cause uncertainties in the specification of satellite 

aerodynamics and atmospheric densities. Previously discussed discrepancies between observed 

aerodynamics and laboratory investigations [Moe and Moe 2005] resulted from lack of control of 

the atmospheric surface contamination including adsorption caused by the atomic beam itself. 

Figure 2: Regions of satellite concentrations, atmospheric model 

uncertainties, and atmospheric composition. 
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TREC Research 

Physics-Based Satellite Drag 

Atmospheric drag on low-earth-orbiting (LEO) satellites and debris (< 1000km) is the 

primary source of uncertainty in affecting their attitude and orbit due to significant 

natural variability in upper atmosphere mass density and winds. 

Consequently continuous precise orbit determination, conjunction assessment, and 

collision avoidance actions that involve not only the spacecraft response to atmospheric 

drag but the differential drag response of all the other space objects in LEO.  



 TREC Research  

Physics-Based Vehicle Dynamics 

Astrodynamics Simulation Software 

Modular software framework allows for science modules to be readily exchanged without recompiling. 

 

Permits a tight integration of the space weather science solutions and the astrodynamics analysis. 



TREC MADTech  
Developing technology to provide parallel operational model testbeds, create new data 

exploitation/forecasting applications, and merge data for researchers and model developers. 
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MADTech: SWx Testbed 

Enabling SWx O2R 
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SWx-TREC Education Enterprise 

Undergraduate & 

Graduate Curricula 

Focused SWx Science 

Topic Workshops 

SWx Summer School 

Contributions 

Operational 

Forecasting 

Focused 

Workshops 

Critical Infrastructure &  

Policy Makers  

Communications Programs 

Lead:  Steven Cranmer (CU Dept. of Astrophysical & Planetary Sci.) 

Student CubeSat 

Programs 



SWx-TREC Education Enterprise 

Graduate Education: 

New Courses and Certificates 

• In development: new Space Weather Engineering & Science Certificate (SWx ESC). 

• Consists of 4−6 courses drawn from the Aerospace Engineering, Physics, Astrophysics, & 

Atmospheric/Oceanic Sci. Departments. 

• Flexible combinations of in-person & online course work. 

• Existing material to be adapted from National Solar Observatory’s 

(online) Collaborative Graduate Education (COLLAGE) program. 

Undergraduate Education: 

• Continued development of “feeder courses” to research projects, internships, or grad school. 

• Collaboration with CU’s successful Space Minor curriculum. 



SWx-TREC Education Enterprise 

Summer Student Programs 

• Now in its 18th year 

• July 9-20, 2018 Boulder CO 

• New leadership: 

Stan Solomon (NCAR) & 

Steven Cranmer (CU, TREC) 

• July 24- 31, 2018 Boulder CO 

• TREC is a part of a new Curriculum 

Committee that aims to help US 

universities adopt & teach the material 

in the textbooks. 



www.colorado.edu/spaceweather 
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Year 1 Year 2 Year 3 

Educational  

Program Office 

Office of the  

Director 

Center Development 

Project Management and Administration 

Curriculum Development 

Focused Topic Workshop 1 Focused Topic Workshop 2 Focused Topic Workshop 3 

Course and Degree Administration 

Space Weather 

Research Office 

Project Planning 

WAM Data Assimilation Development 

WAM Thermospheric Density Module Development 

Satellite Drag Product Transition to Operations 

Satellite Astrodynamics Software Development 

SWx Data Portal Development 

SWx Data Portal and Model Repository Service  

SWx Model Testbed Development 

Project Planning 

Timeline 

Models, Applications 

& Data Technology  

Office 

R2O Delivery 

O2R Delivery 

Focused R2O topic #2 

 SWx TREC 3-Year Plan 

November 2017 



Space Weather 
• LASP involvement in GOES-R, TSIS, MinXSS, Parker Solar Probe missions. 
• CCAR combined expertise in space weather, space environment, 

astrodynamics, GPS, GNSS, small satellite systems, and orbital debris  
• CIRES partnerships with NOAA Space Weather Prediction Center (SWPC) 

to build solar and  ionospheric forecasting capabilities. 
• National Solar Observatory co-location with LASP on CU Boulder campus. 

• High Altitude Observatory solar and space physics collaborator in Boulder. 

         Collaborators   Key Faculty/ Researchers 
 

• Jeff Thayer, Aerospace 
Engineering Sciences 

• Dan Baker, Laboratory for 
Atmospheric and Space Physics 
(LASP) 

• Nils Halverson, APS 

• Cora Randall, ATOC 

• Frank Eparvier, LASP 

• Delores Knipp, Aerospace 
Engineering Sciences 

• Jade Morton, Aerospace 
Engineering Sciences 

• Tim Fuller-Rowell, Cooperative 
Institute for Research in the 
Environmental Sciences (CIRES) 

• David Stone, CIRES 

 

 

          Core Capabilities 
 

• Remote sensing of the ionosphere, 
atmosphere, and Earth’s surface 

• Geomagnetic activity and its 
effects at the Earth’s surface and 
throughout Geospace 

• Measurement and prediction of 
solar activity and irradiance 

• Space weather information 
technology and data systems 

• Modeling, data systems, satellite 
anomaly information support 

• Expertise in space environment, 
astrodynamics, GPS, GNSS, small 
satellite systems, orbital debris. 

• Planetary systems and space 
physics 

                Projects 
 

• LASP designed and built the 
GOES-R (16) EXIS 
instrument to detect solar 
soft X-ray irradiance (XRS) 
and solar extreme 
ultraviolet spectral 
irradiance. XRS helps 
predict proton events and 
monitors solar flares. PI: 
Frank Eparvier 

• A team led by CU Boulder 
found the mechanism 
behind the sudden onset of 
a “natural thermostat” in 
Earth’s upper atmosphere 
that dramatically cools the 
atmosphere after it has 
been heated by violent 
solar activity. PI: Delores 
Knipp 

NOAA GOES-16 NOAA/SWPC Forecasting Center 

http://lasp.colorado.edu/home/
http://lasp.colorado.edu/home/missions-projects/
ccar.colorado.edu
http://cires.colorado.edu/
http://www.nso.edu/
https://ccar.colorado.edu/pages/thayer.html
http://lasp.colorado.edu/~bakerd/
http://www.colorado.edu/aps/nils-halverson
http://www.colorado.edu/atoc/cora-randall
http://lasp.colorado.edu/home/science/sci-personnel/
http://lasp.colorado.edu/home/science/sci-personnel/
http://www.colorado.edu/aerospace/delores-knipp
http://www.colorado.edu/aerospace/jade-morton
http://cires.colorado.edu/council-fellows/timothy-j-fuller-rowell
http://cires.colorado.edu/council-fellows/timothy-j-fuller-rowell
http://cires.colorado.edu/council-fellows/timothy-j-fuller-rowell
http://cires.colorado.edu/directory/david-stone




TREC Research: Missions  

Thermospheric Density from Solar EUV Occultation CubeSats 

Thiemann+ JGR Space/Planets (2018) 

1-U Cubesat constellation 

Heritage 

SORCE and TIMED XPS 

PROBA2 LYRA (ESA) 

MAVEN EUVM 



Cassini 2000 Juno 2017 

TREC Research: Missions  

Solar Polar Explorer 

Hinode/SOT 



MADTech: Deep Learning 

SDO SHARPS product 

HMI + AIA + EVE 

Deep Reinforcement Learning 

RCNN Network 
Bayesian Probability  

Eruption Forecast 
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 SWx TREC:  Bridging R & O 
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SWx TREC Mission Statement 

The University of Colorado SWx-TREC is a national center of excellence in cross-

disciplinary research, technology innovation, and education, enabling federal agencies, 

academia, commercial partners, and industry to collaborate in addressing the nation’s 

evolving space weather forecasting, mitigation, and response requirements.  

  

SWx-TREC produces breakthrough applied research and innovative mission 

technologies that are directly tied to the needs of the operational forecasting 

enterprise to ensure closure of the R2O* and O2R* loop. This will result in new models, 

tools, missions, and data that will significantly advance our ability to understand and 

predict space weather phenomena, from the Sun to the Earth. 
 

 

 
*R2O = Research-to-Operations   O2R = Operations-to-Research 



MADTech: SWx Data Portal 

Enabling SWx R2O 

Based on established LaTIS architecture 
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