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The Sun-Earth Connection -- Science in the Pasteur Mode 

 • How a star works 

 • How it affects humanity’s home 

 • How to live with a star 
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Living With A Star 
 
• The Living With a Star (LWS) program emphasizes the 

science necessary to understand those aspects of the Sun 
and the Earth's space environment that affect life and society. 

 
• Ultimate goal is to provide a predictive understanding of the 

system, and specifically of the space weather conditions at Earth 
and in the interplanetary medium.  

• LWS missions formulated to answer specific science questions 
needed to understand the linkages among the interconnected 
systems that impact us.  

• LWS products impact technology associated with space systems, 
communications and navigation, and ground systems such as 
power grids. 

• The coordinated LWS program includes strategic missions, 
targeted research and technology development, a space 
environment test bed flight opportunity, and partnerships with 
other agencies and nations.  
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Living With a Star Target Research and 
Technology 

The Targeted Research and Technology (TR&T) component of LWS provides 
the theory, modeling, and data analysis necessary to enable an integrated, 
system-wide picture of Sun-Earth connection science with societal relevance. 
 
Focus Science Topics coordinate large-scale investigations that cross 
discipline and technique boundaries leading to an understanding of the 
system linking the Sun to the Earth and Solar System. 
 
Strategic Capabilities develop one or more deliverables that address a 
significant and specific need for achieving the LWS and NSWP goals; 
incorporating the latest scientific results from LWS Focus Science Teams as 
well as other research. 
 
LWS Institutes are designed to facilitate a bridge between cutting-edge 
heliophysics research and a societally relevant technology area that is 
affected by space weather. Working groups will define and scope new 
research that will make a critical difference to this technology. 
 
Targeted but not necessarily applied! 
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LWS 10-Year Vision Beyond 2015:   
Strategic Science Areas (SSA)  

 
 
• SSA-0, Physics-based forecasting of solar electromagnetic, 

energetic particle and plasma outputs  
 

• SSA-1, Physics-based Geomagnetic Forecasting Capability 
 

• SSA-2, Physics-based Satellite Drag Forecasting Capability 
 

• SSA-3, Physics-based Solar Energetic Particle Forecasting 
Capability 
 

• SSA-4, Physics-based TEC Forecasting Capability 
 

• SSA-5, Physics-based Scintillation Forecasting Capability 
 

• SSA-6, Physics-based Radiation Environment Forecasting 
Capability 
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NSF/NASA LWS Strategic Capability 
 Space Weather Modeling (2013-2018) 

• Fisher; UC Berkeley, Stanford, Lockheed; 
Coronal global evolutionary model 

• Schunk; Utah State, JPL, U of Southern CA, 
1st principles-based data assimilation model  
for the global ionosphere 

• Bhattarcharjee, Princeton, GSFC, LANL, 
UCSD; Kinetic Effects in Global 
Magnetosphere Models 

• Mansour, Real-time heliospheric space 
weather modeling 

• Odstrcil, UMD, GMU, UCB; Magnetic flux 
emergence and transport 

• Antiochus; UMich, NASA, NRL; Modeling of 
flares, coronal mass ejections (CMEs) and 
their interplanetary impacts 

• Mannucci; JPL; IT storm fronts 
• Schwadron;  Energetic particle acceleration 

8 continuing awards,  1.5M/y (NSF), 2.5M/y (NASA) for 5 years: 

Modeling R2O ongoing activities 
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Living With a Star Institutes 

 
2015: Principles in relation to the effects of 

geomagnetically induced currents (GICs) during 
CME-driven geomagnetic disturbances (GMDs) 

 
2016: Now-casts of atmospheric drag for LEO 

spacecraft 
 
2017: Now-casts of radiation storms (proton events) 

at energy levels that could create a radiation 
hazard for aircrew and passengers 
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NOAA’s Needs for Space Weather Research  

• Forecasts of solar flares (timing and magnitude)  
• Forecasts of Solar Energetic Particle (SEP) events 

and radiation storms at Earth  
• Specification and forecasts of the radiation levels at 

LEO and aircraft altitudes  
• Forecasts of Bz (z component of the magnetic field) 

with a CME when it arrives at Earth  
• Spatially resolved forecasts of geomagnetic storm 

impacts  
• Forecasts of the location and intensity of the Aurora  
• Forecasts of ionospheric scintillations and TEC 

gradients  
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Goal 1: Establish Benchmarks for Space-
Weather Events (5 topic areas) 

Benchmarking will happen for: 
 

1. Induced geo-electric fields  
2. Ionizing radiation  
3. Ionospheric disturbances  
4. Solar radio bursts  
5. Upper atmospheric expansion 
 
Timeline: 
Phase 1 benchmarks: 180 days   (April 2016) 
Complete Assessment report of gaps:  1 yr   (November 2016) 
Phase 2 updated benchmarks: 2 yr   (November 2017) 
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Future Modeling R2O Concept of 
Operations 

Targeted Modeling Research and 
Development 

SWPC  
(& 557th Weather Wing) 

Operational Models 

Fundamental 
Research 

LWS 
Focus 

Science 
Teams 

International 
Contributions/P

artnerships 

CCMC 
LWS 

Strategic 
Capabilitie

s 
 

NSF-NASA MOU 

NOAA-NASA MOU 

Heliophysics 
Science Centers 
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O2R and LWS 

NOAA contributes to the long-term science direction and annual 
goals and priorities via the steering committee 

 
Metrics – “Mechanisms for monitoring how well products that result 

from the program are transferred into societal benefits.” 
 
Feedback from LWS institutes 
 
Alignment with National Space Weather Action Plan 
 
Coordination and integration with potential O2R capability/facility 
 - Science questions and priorities that are borne out of or as a 

result of O2R activities 
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Living with a Star Targeted Research and 
Technology (TR&T) Steering Committee 

Steering Committee Members: 
Co-Chair: Eftyhia Zesta (GSFC) 
Co-Chair: Mark Linton (NRL) 
Yuri Shprits  (UCLA) 
Scott McIntosh (NCAR / HAO) 
Nathan Schwadron (UNH ex-chair) 
Jim Slavin (U Michigan) 
Chadi Salem (UC Berkeley) 
Alexa Halford (GSFC) 
Pontus Brandt (APL) 
Tim Bastian (NRAO) 
Kent Tobiska  
           (Space Environment Tech.) 

Liaison Members: 
Terry Onsager (NOAA) 
Rodney Vierick (NOAA) 
Ilia Roussev (NSF) 
Vyacheslav Lukin (NSF) 
Janet Kozyra (NSF) 
Masha Kuznetsova (GSFC /  Community 
 Coordinated Modeling Center) 
Mona Kessel (NASA HQ /  
  Van Allen Probes) 
Dean Pesnell (GSFC / 
  Solar Dynamics Observatory) 
David Sibeck (GSFC / Van Allen Probes) 
Adam Szabo (GSFC / Solar Probe Plus) 
Chris St. Cyr (GSFC / Solar Orbiter) 

LWS Program Ex Officio: 
Elsayed Talaat & Jeff Morrill (NASA HQ), Shing Fung (GSFC) 
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LWS Steering Committee Finding 1: Procedure for 
Development of Annual TR&T Science Topics 1/2 

It is vital for the success of the Living with a Star Targeted Research and Technology 
(LWS TR&T) program that there be active community engagement in the development 
of annual TR&T science topics. The LWS TR&T Steering Committee (TSC) finds that 
the following procedure should be followed to solicit and obtain community input for and 
to then develop these science topics:  
 
Encourage active community input to TR&T science topics: 
• Announce call for community input to science topics through SPA news, Solar 

News, and other newsletters and e-mail lists every 2 weeks for a 6 week input 
period. 

• Produce a short summary and explanation of this call for presentation at 
conferences, in newsletters, and at individual institutions. 

• Hold an Online town hall where the call for topics is explained and community 
questions and input are solicited. 

• Release the suggested science topics online as they are submitted, without 
submitter identifying information. Include a comment box for each topic to provide a 
place for comments and discussion. This page should be archived.  

 
Draft science topics at second TSC meeting: 
• At its second meeting, following the 6 week input period, the TSC develops draft 

science topics based on the community input received and based on the established 
LWS TR&T goals.  
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LWS Steering Committee Finding 1: Procedure for 
Development of Annual TR&T Science Topics 2/2 

Solicit community comment on draft TR&T science topics: 
• Release (online) these draft science topics to the community for a comment period 

of at least 6 weeks. 
• During this comment period, present these draft science topics at / via:  
 ➢  conferences  
 ➢  online town halls  
 ➢  Newsletters and e-mail lists  
 
Finalize science topics at third TSC meeting:  
• At its third meeting, following this comment period, the TSC finalizes the TR&T 

science topics and compiles the TSC annual report, incorporating community 
feedback on the previously released draft science topics.  

 
Findings for Future year TSCs 
• Seek science topic input via:  
 ➢  Final write-up of LWS institutes.  
 ➢  Town hall and science discussion sessions at conferences.  
 ➢  Final write-up of LWS science teams.  
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LWS Short-term NSWAP tasks and alignment 

 
• LWS TR&T Steering Committee (TSC) found that NASA should establish 

LWS SWAP “Tiger Teams” to support the five SWAP benchmarking 
activities. These teams would be distinct from, but complementary to 
current LWS teams, such as the Focused Science Topic teams and the 
Strategic Capability teams. 
 

• NASA Heliophysics Subcommittee found that LWS Program should 
investigate developing a broad community program by which the HPD 
would effectively provide the science research analysis required for the 
success of the SWAP. 
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LWS Steering Committee Finding: Long-term 
traceability and alignment 

 
• With regards to the longer-term activities identified in the SWAP report, 

the TSC finds that it should trace out the correspondence between all 
the SWAP actions to which NASA is contributing and the LWS TR&T 
Strategic Science Areas (SSA’s).  
 

• Based on this correspondence, the TSC should develop findings at its 
next meeting detailing how the TR&T’s SSA-targeted activities can feed 
into and / or address NASA SWORM actions.  
 

• In future years, the TSC should include SWORM efforts feedback to the 
program in order to more closely align TR&T activities to the SWORM 
goals. 
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LWS Steering Committee Finding 2: Short-
term SWORM tasks 

The TSC suggests the following short-term task to assist NASA in carrying out its SWORM 
benchmarking activities: 
● NASA should establish LWS SWORM “Tiger Teams” to support the five SWORM 

benchmarking activities. These teams would be distinct from, but complementary to current 
LWS teams, such as the Focused Science Topic teams and the Strategic Capability teams. 

● The charter of each Tiger Team would be to 
○ Assist and support the government study board by providing findings as directed and by 

reviewing the gap assessment performed by the governmental study board.  Specifically, 
the teams would identify gaps in science, perform evaluation of uncertainties, and 
identify collections of available data, as well as critical missing data. 

○ Identify and implement any short-term science actions that need to be taken to feed into 
the Phase-2 improved benchmarking process. Science actions could include 
synthesizing models and data, and providing tools relevant to benchmarking. 

● A fast-track selection process should be implemented so that the Tiger Teams have sufficient 
time to complete their tasks within the deadlines identified in the SWAP.  Based on these 
deadlines, the announcement-to-selection process should be no more than a few months. 

● For this fast-track process, no restrictions should be put on proposal teaming structures in 
order to maintain flexibility to best serve the SWORM activities. For example, both team 
proposals and individual proposals should be allowed for each benchmarking topic, thus 
allowing the LWS Program Office the flexibility to form the tiger teams from these proposals 
and / or to select individual investigations. 

 



19 

LWS Steering Committee Finding 3: Long-term 
traceability and alignment 

• With regards to the longer-term activities identified in the SWAP report, 
the TSC finds that it should trace out the correspondence between all 
the SWORM actions to which NASA is contributing and the LWS TR&T 
Strategic Science Areas (SSA’s).  
 

• Based on this correspondence, the TSC should develop findings at its 
next meeting detailing how the TR&T’s SSA-targeted activities can feed 
into and / or address NASA SWORM actions.  
 

• In future years, the TSC should include Tiger Team feedback to the 
program in order to more closely align TR&T activities to the SWORM 
goals. 
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LWS Science 

ROSES 2016:  
• FSTs developed incorporating inputs from previous Steering 

Committee reports and informed by SWAP science priorities 
• Advances Toward a Near Real Time Description of the Solar Atmosphere 

and Inner Heliosphere 
• Characterization of the Earth’s Radiation Environment 
• Studies of the Global Electrodynamics of Ionospheric Disturbances 

 
ROSES 2017: 

• New procedure initiated for development of FSTs 
• Mandatory funding in President’s FY17 budget request 

 
“Living with a Star is supported in part with mandatory funding. The 
mandatory investment includes $10 million for Living With a Star (LWS) 
Science, to accelerate efforts in support of the Administration’s multi-
agency Space Weather Action Plan. Work will include benchmark 
maturation, implementation of FY2016 plans, and continuation of 
planning efforts between the agencies. The investment will also 
augment Living with a Star Research and Analysis elements that 
address space weather” 
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NOAA Space Weather Model Suite 
Input and Validation Data Sources 

GMU/AFRL WSA/Enlil U. Michigan Geospace NOAA/CIRES WAM-IPE USGS/NOAA E-field 

Inputs: 
1. GONG solar 

magnetic field data 
2. SOHO/LASCO 

coronagraph CME 
images from L1 

Validation: 
1. DSCOVR solar wind 

character at L1 
2. GOES magnetometer 

shock arrival  

Inputs: 
1. DSCOVR solar wind 

densty, temp, speed, 
mag field at L1 

2. Solar F10.7 radio flux 
measurements 

Validation: 
1. GOES vector 

magnetic field 
2. USGS magnetometer 

network 

Inputs: 
1. GFS Tropospheric 

weather model inputs 
2. GOES Solar EUV 

flux 
3. COSMIC-2 RO 

electron density 
4. Geomagnetic storm 

data from Geospace 
Validation: 
1. GPS receiver 

network TEC 
measurements 

Inputs: 
1. USGS lithospheric 

conductivity model 
2. USGS magnetometer 

network 
 
Validation: 
1. USGS geoelectric 

field measurements. 
 

Note: all models developed with NASA and/or NSF funding at some level. 

Operational Since 2011 
To Be Operational 

 in  FY17 
To Be Operational 

 in  FY16 
To Be Operational 

 in  FY18 
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