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I. Most Important Benefits

1. The SXI images and SEM data from GOES are used to give warnings of radiation storms, and an outlook on conditions leading to geomagnetic storms.   The radiation from these storms is one of the greatest threats to the life and health of astronauts in interplanetary space and in those earth orbits which are not shielded by the Earth’s magnetic field.  Even the symptoms of radiation sickness are dangerous in a weightless environment.  The long-term penalties of lower doses of proton radiation include increased risk of cancer and shortening of flight career (by using up allowable exposures).   

· The openings in the Earth’s field are over both poles, which are surrounded by the auroral regions.  The International Space Station occupies a partially and periodically exposed orbit.  The degree of exposure is dependent on other types of space weather i.e. the orbit is more exposed during geomagnetic storms which distort the Earth’s magnetic field and expand the polar regions to more southerly latitudes.

· Similarly these warnings are used for high latitude, high altitude aircraft both military and civilian.  Civilian routes over the poles are increasing rapidly and these warnings are used extensively for route planning and avoidance, fueling planning, and crew scheduling.  Aircraft have more shielding from the Earth’s atmosphere, but the atmosphere is sufficiently thin at high altitudes that some radiation penetrates.  Continuous monitoring is vital because energetic protons from severe storms can travel to Earth in as little as 20 minutes.

· The improvements in the sensors on the GOES R will allow better forecasts and products for all these purposes.  

· Flying an SXI on every satellite will increase to the necessary level the temporal coverage for solar images and will assure continuity if a sensor fails in space.  

· Extending the dynamic range of the SXI will allow simultaneous patrol for the precursors of both radiation storms and geomagnetic storms i.e. flares and coronal holes, and signatures of coronal mass ejections.

· Increases in pixel resolution and temperature resolution will allow better recognition of coronal holes and active regions. 

· The user working group recommended extending the range of particles monitored to include heavy ions to better characterize the hazard to human health in the environment

2.  Higher Reliability of space-based systems

· The energetic particles from radiation storms and geomagnetic storms also pose hazards to satellites through several mechanisms. 

·  The particles can cause permanent and cumulative degradation of solar panels. 

· They can cause ‘bit flips’ in on board computer chips when the penetrating particle deposits its energy. 

· They can cause single event upsets.   

· The deposition of electric charges on the skin of the satellite can cause surface charging; 

· More energetic particles may cause deep dielectric charging.  

· The satellites’ data can become temporarily useless because of additional noise. 

· Finally the transfer of heat into the atmosphere through the currents generated by geomagnetic storms and precipitating particles associated with these storms, can increase atmospheric drag on low orbiting satellites

· Magnetic field changes can interfere with those satellite attitude control systems which use magnetic torquers

· Severe effects, or different effects in sequence or combination, can cause sensor or mission failure.

· The changes discussed above for the SXI will permit more accurate forecasting of the storms, which are the source of these effects. 

· The proposed changes for the Extreme Ultraviolet Sensor will permit more accurate prediction of atmospheric expansion and satellite drag.

· Finally the range of protons measured by the SEM has been extended down to 30keV to cover the range of particles that contribute to spacecraft anomalies.

3.  Increased lead-time for power grid protection from geomagnetic storms:

· Will be provided by several potential changes to the SXI which permits better monitoring of the precursors of geomagnetic storms: 

· Increase in dynamic range to allow simultaneous patrol for flares and coronal holes; 

· Increase in pixel size to better define coronal hole boundaries; 

· The addition of a capability for coronal mass ejection monitoring to allow a velocity calculation to be made and an estimate of arrival time to be calculated

4.  Changes in the ionosphere that result from atmospheric expansion can interfere with HF radio transmissions.

· Improved specification of ionospheric conditions will be made possible by additional EUV channels.  Benefits include improved specification of ionospheric parameters that affect radio propagation.

5.  Improves high altitude flight safety

· The two issues here are radiation hazard to human health (see #1)

· And safe communication in flight (see #3)

II. Real-Time Needs

a) Imager Data 

· All the data requested by SEC is used for real time forecasts and is needed as soon as possible.

b) Imager Products 

· New products would all be real time except for solar spectral irradiance

III. New Products

1.  Coronal Mass Ejection (CMEs) Tracking:  CMEs, large chunks of energetic matter which have been propelled from the Sun, are the primary cause and precursor of particularly severe geomagnetic storms.  CME’s can take from one to four days to transit from the Sun to Earth.  The careful tracking of CMEs immediately after leaving the Sun, and in transit, allows estimates of arrival time, severity and duration of potential storms.  Improvements proposed for the solar imager would allow CME tracking in the following ways:

·  EUV and x-ray band images provide signatures of the launch of a CME - its timing, location, initial propagation speed and spatial extent.

· A coronagraphic capability on the solar imager would allow tracking of the CME away from the sun over a distance of several solar radii to monitor its speed and direction 

· The combination of both of the above capabilities allows some tracking of a CME even when it is traveling along the sun-earth line.

2.  Continuous, high precision Solar Spectral Irradiance monitoring -

· This product is a measurement of the total output of electromagnetic radiation of the sun measured in spectra.  It would require a new sensor currently planned to be flown in polar orbit, but which would be better served in the geostationary orbit.  Total solar irradiance varies over the course of a solar cycle, and between cycles, and some portions of the electromagnetic spectrum vary more than others.  

· This variance is an extremely important contributor to climate change.  It is necessary to carefully measure the change in solar variance in order to estimate what portion of climate change is being caused by human activities.    

· The working group felt that this measurement could achieve higher levels of precision in the geostationary orbit as opposed to its baselined polar orbit.

3.  Solar Event Prediction;

· Prediction of catastrophic solar events such as CMEs and flares is currently in its infancy.  These are the events that can most affect the near Earth space environment.  The state of the art is essentially statistical climatology based on active region configurations and sizes. There is a glimmer of new physics in the modeling of magnetic structures visible in the x-ray and EUV that indicates certain morphologies may lead to instability and eruption.  With GOES R set to fly no earlier than 2008, it is likely that new physical models of the corona will evolve into useful fools for evaluating the likelihood of solar eruptions.  These anticipated models, coupled with high quality images in the x-ray  and/or EUV would be used to generate new forecast products giving longer warning times for and more accurate probabilities for eruptive events.

4.  Improved specification of geosynchronous charging environment

· Increase range of (electron?) energies monitored to be all-encompassing.  

5.  Improved Solar -particle prediction and specification (including heavy ions)

· Increase range of energies monitored especially for those particles hazardous to humans.

IV. Methods of Communication

· Conferences, including Space Weather Week

· SEM User’s Group

· Web-based

· E-mail

VII. Methods of Interaction With Other Global Sensing Programs

· Request ISES (International Space Environment Services) to explore a leadership role in coordinating global space environment sensing  

· Advocate for an operational solar wind monitoring satellite. This is a key measurement, which cannot be made by GOES, but is vital for a total space weather observation program, and for the highest accuracy of confirmation of an approaching geomagnetic storm.

· Support SEC continued collaboration with other space observation programs.

· Assess role of WMO etc.

· Advocate complementary instruments on international constellations.

VIII. Education of User Community

· Tutorials/workshop at conferences

· Improve web-based information

· Present SEM data at scientific conferences

· Development of training materials

· The group recommended support for the development of high-level educational materials.
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