USAF SEON data at SEC/FAB: applications, requirements, future
USAF SEON optical and radio data are currently used on a regular basis for NOAA SEC’s operations center to produce daily products and to produce alerts, warnings, and watches. These products are critical for SEC to fulfill its mission to the nation for continuous, real-time specification and prediction of the space environment and supports significant national infrastructure. Specific applications of these data are detailed in this document. The approach is to begin with a description of the current usage of the data. Then some consideration is given to short-term and long-term improvements that seem most sensible in the context of improvements to technological capabilities and scientific understanding. These improvements are then discussed in terms of space weather applications and consideration is given to the optimal observational suite needed for space weather forecasting. The final section in the document briefly discusses some areas of current research that may have significant space weather applications in the future. 

I. Current Usage
Daily Sunspot Analysis: A daily analysis is done by each optical observatory that provides classification and quantitative measurement of solar active region characteristics using white light solar observations. These analyses are encoded as SPOTS reports and are relayed to SEC on a daily basis. The coded report is automatically decoded and the data is added to SEC’s operational database. Forecasters rely on SPOTS to understand the current state of solar active regions and their evolution over time. The SPOTS data are directly used in a statistical model for flare probability predictions. The flare probabilities are a required component of the joint NOAA/USAF daily report and forecast. 

The SPOTS data are averaged on a daily basis for each numbered region and the result is used to produce the joint NOAA/USAF Region Report. The NOAA region numbers are used nationally and internationally as a standard for labeling solar active regions. The standardization of region numbers is necessary for efficient exchange of information about real-time solar activity among the scientific and user communities. 

SWEEP reports for type II & type IV: Reports of type II and type IV radio sweep events are critical inputs for SEC’s operations. The existence of these events is indicative of a significant coronal mass ejection and is used directly as input into proton prediction models and geomagnetic prediction models. These models provide objective guidance to the forecaster regarding decisions about proton event warnings and/or geomagnetic storm watches. In addition the data influence the geomagnetic probability and geomagnetic A-index predictions which are part of the joint NOAA/USAF daily report and forecast. 

Type II and type IV radio sweeps are also required because they are alert criteria for NOAA/SEC.  

Type II and type IV radio sweeps are a sufficient condition for an event to be included in the daily, joint NOAA/USAF solar and geophysical activity summary.

Note: Recent studies using space-based radio observations have shown that more complete information about coronal and interplanetary shocks is achieved at frequencies below the ionosphere cutoff (~3 MHz). This is discussed in more detail later in this document.

Discrete frequency monitoring and burst reports: Currently SEC relies on the Penticton Observatory in Canada for three F10.7 values per day. History and trending of F10.7 is a factor in making the F10.7 prediction. F10.7 is used as a proxy for solar ultraviolet flux, which in turn affects the ionosphere and frictional drag for low-earth orbit satellites. 

Although radio burst data are not used for proton prediction by SEC, the data are required by the USAF/AFWA proton prediction model. In typical operations, SEC forecasters will usually compare the SEC model results with AFWA model results and coordinate with USAF forecasters before issuing official proton warnings.

Radio bursts at 245 MHz and 2695 MHz which reach a threshold for peak flux are alert criteria for NOAA/SEC. 

Solar radio flux levels at 245 MHz and 410 MHz are used to understand performance of Search and Rescue operations (SAR) and the performance of some FAA communication operations. 

Radio flux levels at 2695 MHz and 4995 MHz are used to help the National Weather Service (NWS) and DOD users do radar calibration.

Radio flux levels at 1000-8000 MHz can affect L, S, and C Band satellite communication and at 8-12 GHz can affect X-band satellite communication.

Flare patrol: H-alpha flare reports are used primarily for flare location information. Flare location is a critical parameter for energetic particle prediction, and is also a significant parameter for evaluating the geoeffectiveness of an associated CME. Since algorithms have been implemented to automatically provide flare location in real-time using GOES/SXI data, the flare patrol has become less important. In particular, the continuity of flare coverage from SXI is a significant improvement relative to ground based observations. It should be remembered, however, that SXI is currently a single point of failure (there is no redundant SXI at this time), and also that SXI is in eclipse for an hour or so per day during a few weeks around the spring and fall equinoxes. 

Flare locations should be good to at least +/- 5 degrees.

Erupting prominence/filament: Detection of erupting prominences/filaments is very important for geomagnetic forecasting. In the absence of coronagraph data, such as provided by the SOHO/LASCO instruments, the observation is critical. If coronagraph data is available, then CMEs can be observed directly and the observation of an erupting prominence/filament is less important. 

It must be noted that at present there is not a coronagraph exclusively dedicated to operations, nor is there a definitive plan for operational coronagraphs in the future. There is some consideration of operational coronagraphs for GOES-R but this has not been decided at the present time. 

It must also be noted that SOHO/LASCO coronagraph data are subject to occasional, lengthy outages, during which time the erupting prominence/filament observations are critical. 

Plain language reports: The need for plain language analysis of H-alpha and magnetogram imagery has declined, especially with the increased availability to the forecasters of digital images.  

II. Short-term path – some suggestions for improved utility of the data

SPOTS observations: The SEC/SEON system would work better if digital white light images were taken and transferred directly to SEC’s & AFWA’s image databases. Forecasters could benefit from a substantial increase in information content that an image provides that cannot be captured adequately by a coded SPOTS message. The encoding of the information contained in SPOTS reports could potentially be automated by means of developing image processing algorithms. In addition operations staff at SEC or AFWA could be trained to recognize spot classifications and characteristics for information that can’t be reduced automatically. This could be done efficiently by means of point-and-click tools. 

If a system like this were to be implemented, it is likely that the incremental cost of increased cadence would be very small (e.g. from once a day to something like once per hour). An hourly cadence would be significantly better for monitoring trends for rapidly evolving active regions. 

It should also be noted that active region identification and assignment procedures could be modified to use SXI imagery and software tools. However, an active region classification and characterization system based on SXI data has not yet been developed. Any such scheme would be significantly different than the traditional classification system based on white light data. 

SWEEP reports for Type II & type IV: There could definitely be an improvement in the value of the observations if it were possible to have the radio sweep data available directly in the forecast centers (i.e. the spectrograph plot). In analogy with the SPOTS data, direct availability and display of the spectra for the forecaster contains significantly more information than can be conveyed in a coded SWEEP report. This is a natural step in modernization as increased connectivity should eliminate the need for coded messages to reduce the data. Also similar to SPOTS, there would need to be development of type II and type IV detection algorithms. 

Discrete frequency monitoring and burst reports: A possible step forward would be to transmit (or enable pulling) of the time series data from the observatory to the forecast centers, as a replacement for detecting events, coding messages and transmitting the coded message. It should also be noted that users often are looking for data at frequencies other than the standard eight – so multi-channel data with increased spectral resolution (like SRS) would be preferable to the canonical fixed eight frequency currently monitored. 

Flare patrol: The next step for flare patrol would be to send (or permit collection of) the image data directly to the forecast centers. This is a natural modernization that moves the system away from doing manual data reduction and message coding. The cadence for this application needs to be around one-minute. 

SXI can meet most of the operational needs for flare patrol, subject to the limitations mentioned earlier.  

Erupting prominence/filament: Detection of erupting prominences/filaments could be accomplished more sensibly by sending (or permitting pulling) of H-alpha digital images into the forecast centers. The information content of the images substantially exceeds what can be done with coded messages. The cadence would need to be about 20 minutes for this purpose.  

Plain language reports: The natural next step is to transmit (or permit pulling) of H-alpha digital images and magnetogram images from the sites into the forecast centers. An animated sequence of H-alpha data is a more effective means of monitoring activity than a plain language report. For active region evolution the cadence would need to be at least every 10 minutes. Higher cadence is needed for looking at flares or other dynamic events. Magnetogram images could be at cadence of about an hour. 

III. Long-term path – future of solar observations

There are a number of considerations on a longer timescale that should influence planning for the future of solar observations. Several types of solar observations taken from space have proven to provide unique and important information that go beyond what is possible on the ground and are a more direct indication of what is required for space weather monitoring and forecasting. There have also been advances in ground based observations that ought to be taken into consideration for future operational capabilities. 

Coronagraph: SEC and AFWA have been fortunate to have near real-time coronagraph images provided by the LASCO instrument on the joint NASA/ESA SOHO spacecraft. The coronagraph provides direct evidence of coronal mass ejections, which are the key to driving transient geomagnetic storms and are also the dominant driver of strong interplanetary shocks. These interplanetary shocks in turn accelerate energetic particles, another significant phenomenon for space weather operations. Many key observations used in the past, such as flares, filament eruptions, metric type II sweeps, etc. actually served as proxies for indicating that a CME was likely to have occurred. With the context of this current understanding, AFWA and SEC must make an operational, space-based coronagraph one of the highest priorities for future solar observations. 

Due to the nature of coronagraph observations, it should be borne in mind that the coronagraph needs to be supplemented with solar disk observations, in order to remove ambiguity as to whether CMEs observed by the coronagraph originated from the front side or the back side of the Sun. This particular ambiguity is critical for space weather applications. 

Solar X-ray Imager: The solar x-ray imager has proven to be an excellent instrument for flare patrol and also does a good job for detection of coronal hole boundaries. The solar x-ray imagers are operational in the GOES program and activities have been in progress to continue their availability on future GOES spacecraft. 

The main weakness of this program is in the lack of redundant instruments. This means that there is always some risk for single point failure and it also means that there will be a lack of observations during GOES eclipse intervals, which occur for a couple weeks around the spring and fall equinoxes.

The GOES-12 SXI has not been as straightforward to use for active region analysis. It is possible that development efforts in this direction could help. It is also possible that the new SXI on GOES-N will have a significant improvement in resolution and will enable substantially improved analysis of solar active regions. 

Radio Spectrographs in space: Recent results from WIND/WAVES and older results from ISEE-3 have shown the added value of monitoring radio sweep emission at frequencies below the ionospheric cutoff (about 3 MHz). Strong shocks and plasma clouds continue to produce radio emissions at these lower frequencies as disturbances propagate into increasingly lower density parts of the outer corona and the inner heliosphere. Studies indicate that better correlations with energetic particle prediction and better tracking/characterization of propagating CME transients are possible using these lower frequencies. If space weather operations are to move forward in maturity of solar radio observations, the direction to go is to get the instruments into space. 

Solar magnetic field observations: Research has shown that measurements of longitudinal and transverse fields are required to determine magnetic energy storage available for flaring and eruptive activity. Flare prediction can be improved by adding vector magnetic field information to the magnetograms. Longitudinal (line of sight) magnetic field measurements are used today to evaluate rate of emergence/decay, magnetic classification, and helps to identify areas of strong gradients and suggests areas that are likely to have strong shearing. 

IV. Optimal path to support current space wx requirements 

Given the discussion above, this section addresses how current space weather solar observing requirements would best be met in the context of what has been learned from the research experiments.

Daily sunspot analysis: Direct access to white light images on a cadence of about an hour. The platform for the observation could be space-based or ground based, but in either case would need to be reliable.  

Type II & type IV sweeps: Direct access to radioheliograph data by the forecast centers. Significant improvement possible by using a space-based platform that can extend the frequency range down to around 10 kHz.  

Discrete frequency (radio): Direct access to the observations would be better than current system of providing coded reports. Improved spectral resolution (like SRS) would be utilized immediately. EUV monitors that are planned for GOES should gradually replace the usage of F10.7 as a proxy. There are applications directly affected by solar radio noise that need the flux measurements. 

Flare patrol: The best long-term plan for flare patrol is to use an x-ray imager in space. 

Erupting filament/prominence: An operational coronagraph combined with a disk imaging instrument would completely cover the needs served by this observation. The best choice for disk imaging is not clear: possibilities are H-alpha, EUV, as well as solar x-ray images. It might be possible to meet this need through a network of ground-based H-alpha observatories. Possibly this could be the existing SOON or it could be contracted to a collaboration of research observatories (e.g. the Big Bear global H-alpha network). It is clear that digital images are the superior way to monitor these events compared to the current method of having an analyst observer and report with a coded message. 

Plain Language Analysis: Should be replaced with digital images directly available to forecasters in the operations centers. 

Solar Magnetic field measurements: Vector magnetic field measurements should be added. The data could be taken from the ground or from space. Current research efforts on the ground (SOLIS, Mees,…) suggest the possibility for a collaboration with research activities. However, current level of effort by these research groups is not sufficient for operational applications - so additional support to these groups would be needed to bring up the consistency and availability of the observations. 

V. Key inputs for space weather forecasts

This section identifies current understanding of the key observations that are used for formulating space weather forecasts.

· Flare prediction: (Cadence ~20 minutes or so…)

· vector magnetograms 
· white light images
· x-ray images
· H-alpha images
· Chromospheric magnetic data (R&D)
· Helpful to have an EIT like instrument
· Observations to constrain coronal magnetic field. (R&D - there are some frontier observational projects that plan to use radio data to get some idea about the coronal fields (i.e.FASR)). 
· Geomagnetic forecasting:
· Coronagraph (preferably with more than one viewing angle) (~15 minute)
· Low frequency type II and type IV sweeps through the corona and inner heliosphere (~ 1 minute cadence)
· Solar disk imaging instrument (like SXI, EIT, or H-alpha) (~ 1 minute cadence)
· Coronal imaging for coronal holes (SXI/EIT or 10830) (~3 hour cadence)
· Magnetogram observations (vector is better), to use as boundary conditions for the solar wind to determine ambient solar wind structure (which also critical for understanding the geoeffectiveness of propagating disturbances)
· Energetic particle sensors (Obviously we benefit from ACE EPAM as an indicator of the presence and characteristics of the stronger interplanetary shocks)
· Energetic particle forecasting

· Coronagraph (more than one viewing angle is better)
· Flare patrol (ground-based H-alpha, SXI, or equivalent) (need ~1 minute cadence), primarily for location information. 
· Low frequency type II and type IV sweeps. 
· It also helps to know the ambient solar wind conditions ( just like for geomagnetic forecasting)
· Some evidence that hard x-ray observations can help, but this is still a research topic. 
VI. On the horizon

Due to active research investigations in solar physics and space weather, new observational techniques have been identified that could potentially be valuable for space weather applications. The value of these observations for future operations is not yet established, but they are included in this document to increase awareness of potential technological and scientific advances. 

· Helioseismology: Observations of solar oscillations provides a measurement of the solar sound wave spectrum. The spatial distribution of these spectra is related to the subsurface propagation medium for these sound waves. Active research efforts are investigating the possibility for these measurements to provide information about subsurface structures of the Sun and about solar active regions on the ‘backside’ of the solar disk. If these techniques can be sufficiently developed, it may be possible to predict characteristics of regions that will be rotating onto the disk, and well as predict emergence of new solar flux on the visible disk. Current observing instruments used for these investigations are the GONG network (ground-based) and the MDI instrument on SOHO. 
· Coronal magnetic field measurements: Research efforts are in progress to enable measurements of the coronal magnetic field. The coronal magnetic field is not readily observed or measured today, but it plays a pivotal role in driving coronal mass ejections and in flare activity. If techniques can be developed so that the coronal field can be measured and modeled with reasonable accuracy, space weather models and predictions should improve significantly. 
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