Space Weather Forecasting with ISOON at Big Bear Solar Observatory

Combining Synoptic and High-Resolution Observations of Solar Activity 

We propose to bring the Improved Solar Observing Optical Network (ISOON) system to Big Bear Solar Observatory (BBSO) and raise the system to its full operating and scientific potential.  ISOON would significantly enhance our already leading-edge efforts in real-time forecasting and reporting of space weather.

BBSO has been a world-leader in real-time space weather forecasting for many years by providing community-wide warnings of impending, deleterious space weather effects.  Some results of our efforts can be seen on the BBSO homepage (www.bbso.njit.edu), where one can find our “Solar Activity Warnings”, results from our Global Hα Network, the Active Region Monitor, and other information.  No other observatory in the world provides such services to the community.  We propose to advance our capabilities and services by bringing the existing ISOON system to full-fruition, while integrating into our already existing global network for studies of space weather.  We further plan a global, high resolution network to probe the origin of space weather in a broad collaboration.

Coordinated Real-Time Space Weather Monitoring and Forecasting

Solar activity can significantly impact the near earth environment in what is broadly and descriptively called “space weather”. Changes in space weather can have adverse effects on space assets and many aspects of life on earth.  These include safety of military and other satellites, spacecraft and astronauts; interruption of communication and navigation systems; damage to power grids and trans-continental pipelines due to grounding electrical currents caused by geomagnetic storms, as well as hazardous conditions in polar routed flights.  Real-time, high-quality data and data processing are key elements to an effective space weather forecast, i.e., prompt, accurate, and appropriately distributed information. We propose to lead an international team to coordinate such a service and enhance our scientific forecasting methods to include data from several unique networks monitoring solar activity.

 (1) Global Hα Network (GHN)

BBSO has been operating the Global Hα Network since 2000. The five stations in the network are at BBSO, Kanzelhöhe Solar Observatory (KSO) in Austria, Catania Astrophysical Observatory (CAO) in Italy, Yunnan Astronomical Observatory (YNAO) and Huairou Solar Observing Station (HSOS) in China.  Nominally, each station obtains an Hα image every minute with 1 arcsec per pixel resolution. BBSO is building a 1.7 m New Solar Telescope (NST) for high resolution observations.  This project requires that we replace our current synoptic observations, including Hα full disk observations. We propose to relocate the ISOON telescope at the National Solar Observatory/Sacramento Peak (NSO/SP) to BBSO to continue and improve this global network. We will also put forth the effort required to improve the magnetograph system of the ISOON telescope.  The ISOON is essential for our continued synoptic program and complement our high resolution observations.  

(2) Full Disk Magnetograms from the Global Oscillation Network Group (GONG)
We propose to collaborate with NSO team to use full disk magnetograms obtained by the GONG++ system, which has a cadence of 1 minute. GONG is a global network of six stations designed for helioseismology. Recently, the BBSO group has found that magnetic gradients derived from line-of-sight magnetograms can be used as a predictive indicator for major solar activity. This indicator is now used in the Active Region Monitor (ARM) developed at BBSO by a former postdoctoral associate (Peter Gallagher).  Thus, we plan to use magnetograms from GONG plus ISOON and make real-time forecasts and reports of changes in solar activity. We will focus our attention to changes that may lead to geo-effective storms.

(3) High Resolution Observing Network (HRON)

We propose to collaborate with the team operating the Dutch Open Telescope (DOT) on La Palma, Canary Islands.  Previously, we have discussed such collaborations with them. The primary data from the DOT will be diffraction-limited white light, CaII K, and Hα images. The BBSO group recently found that real-time, high-resolution, diffraction-limited observations of solar active regions are very crucial in tracking flow fields in flare-producing active regions and to predict solar flares. We propose a 3-station network: DOT, NST at BBSO, and in addition, China is building a 1-meter solar telescope in Fuxian Lake. This telescope will have first light in 2006. We are also developing real-time data processing techniques using our parallel computer that will be used in the first two stations of the network.   We expect that only BBSO will be equipped with adaptive optics and other leading-edge technologies.  We will also search for other partners who operate high resolution telescopes.  In this regard, we plan to expand our collaborations with others involved in space weather, such as with other American groups, like the University of Hawaii, which operates Mees Solar Observatory; as well with European colleagues, like those at Institute of Astrophysics in the Canaries and the Kiepenheuer Institute and Max Planck Institute for Aeronomy both in Germany.

We are current funded by National Science Foundation under the Information Technology Research program.  Our program has three components: (1) automatic detection of solar features for real time monitoring of solar activity by using artificial intelligence; (2) real-time imaging processing using parallel computing to obtain diffraction limited images with a  30sec cadence and (3) real-time data archiving using the Virtual Solar Observatory concept. The ITR will be a complementary part of the project proposed here.

(4) Vector Magnetograph Network (VMN)

Although full disk magnetograms described in Section 2 are very useful for many reasons, including the extrapolation of the 3-D magnetic field structure, we do need continuous vector magnetograms to more precisely study sources of space weather. BBSO has been collaborating with HSO in the last 10 years. We propose to establish a more extended global network with the following five stations: BBSO, HSO, Marshall Space Flight Center (MSFC), Mees Solar Observatory (MSO), and the upgraded DOT. DOT will have an imaging magnetograph system similar to the Digital Vector Magnetograph (DVMG) system currently in operation at BBSO. 

We will organize the data of the aforementioned five networks to be compatible with that of the Virtual Solar Observatory (VSO). Our experience in scientific research and real-time reporting of forecasts and warnings will certainly aid our real-time forecasting based on these data. We will provide comprehensive, real-time service to the Air Force and the solar physics community.

(5) SOLIS and Other Resources

We will also use other scientific assets to enhance our efforts. Principal among these would be SOLIS.  SOLIS can provide full disk vector magnetograms.  It can also provide full disk Hα, white light, and He 10830 Å images with a cadence between 1 to 10 minutes.

Some Background on NJIT and Our Center :

The Center for Solar-Terrestrial Research (CSTR) of NJIT operates two major solar facilities for optical and radio observations: the Big Bear Solar Observatory (BBSO) and

the Owen's Valley Solar Array (OVSA). The Center consists of four professors, two research professors, 13 (post-doctoral) researchers, nine technical and administrative staff members, 15 graduate students, and five undergraduate students. Our research focus is solar optical astronomy, solar radio-physics, and terrestrial science. Our primary new instrumentation projects is the 1.6-meter New Solar Telescope (NST) at BBSO.  Further downstream, we plan to take a lead in the Frequency Agile Solar Radiotelescope (FASR), which is a community-wide project. Funding for the Center is provided by the National Science Foundation (NSF), the  National Aeronautics and Space Administration (NASA), and the Air Force Office of Scientific Research (AFOSR).

Governor James E. McGreevey has designated NJIT as the state's Homeland Security Technology Systems Center. NJIT will immediately begin serving as the state’s homeland security consultant for technology evaluation. The university will develop prototypes of integrated homeland security systems for testing, demonstration and training.

The Air Force Reserve Officer Training Corps (AFROTC) Detachment 490 at NJIT provides an educational program designed to give men and women the opportunity to become Air Force officers while completing their undergraduate degrees. The detachment's cadet corps currently includes approximately 50 students. The AFROTC is integrated in NJIT's College of Science and Liberal Arts as the Department of Aerospace Studies, which is chaired by Billie Jean Antes, Lt Col., USAF - Commander/Professor of Aerospace Studies.

With its four-pronged mission of education, research, service, and economic development, New Jersey Institute of Technology (NJIT) plays a critical role in shaping New Jersey's future. As a major public technological university, NJIT is an important conduit through which technology flows into society. The university's educational programs prepare students to be leaders in the technology-dependent economy of the 21st century. University researchers seek new knowledge to improve processes and products for industry. Through public and private partnerships and economic development efforts, the university helps to grow new business ventures that fuel the economy.

NJIT offers 100 degree programs in 27 undergraduate majors and 30 graduate specialties through its six colleges and schools: Newark College of Engineering, New Jersey School of Architecture, College of Science and Liberal Arts, School of Management, Albert Dorman Honors College, and College of Computing Sciences. More than 8,700 students are enrolled at NJIT in 2004 (3,058 graduate students and 5,712 undergraduate students).

About 30% of engineers working in New Jersey graduated from NJIT.

Lou Lanzerotti, Distinguished Research Professor at NJIT, is the editor of "Space Weather - The International Journal of Research and Applications". The editorial office of this peer-reviewed Journal of the American Geophysical Union (AGU) is located at NJIT in CSTR.

