Response to RFI Concerning Strategic Focus Areas for the NASA Advanced Planning & Integration Office (APIO)

Solar Variability Research for the Exploration Initiative

Understanding the solar variability, in both electromagnetic radiation and energetic particles, is important to the broad fields of research of planetary atmospheres and climate changes.  Furthermore, near real-time measurements of the solar variability are key to space weather driven phenomena concerning astronaut safety, airline passenger safety, satellite safety, navigation, power transmission lines, and communications.  Solar measurements made throughout the solar system and advances in modeling the solar variability are vital for the NASA exploration initiative.  Solar variability most directly addresses the APIO Strategic Roadmap Focus Area #9 (APIO SRFA #9) - "explore the Sun-Earth system to understand the Sun and its effects on Earth, the solar system, and the space environmental conditions that will be experienced by human explorers".  This solar variability topic also supports additional APIO Strategic Roadmap Focus Areas, including those involving robotic and human space expeditions (APIO SRFA #1, 2, and 6) and the dynamic Earth system studies (APIO SRFA #8).  

Solar flares occur almost daily and large X-class flares occur, on average, once a month.  The solar X-ray irradiance can change by more than a factor of 1000 during the large flares, an enhancement that can last for several minutes to several hours.  These large changes have immediate responses in atmospheres related to photochemistry changes and enhanced plasma densities in the ionospheres.  Often associated with these large flares are solar energetic protons (SEPs) and coronal mass ejections (CMEs), which also affect the atmospheres and pose danger for humans in space.  Aside from direct danger to humans in space, these storms can damage scientific instruments and disorient attitude control systems upon which spacecraft depend.  These energetic particles can also be trapped in planetary magnetospheres and have lasting effects over many days and months. The interplanetary magnetic field (IMF) is also a key part of enhancing the effects of the solar energetic particles on the planets.
Timely measurements of the solar storm events are a critical part of the national space weather program that is primarily supported by NASA, NOAA, Air Force, and NSF.  The space weather program is even more important now that NASA is planning new explorations with humans traveling farther into space than ever before.  Some requirements for the space weather operations during these new space expeditions include: 

1) continuous solar measurements at a high time cadence of 1 minute or less in order to detect the explosive solar events, 

2)  a suite of advanced solar instruments to measure the vacuum ultraviolet to X-ray solar irradiance, solar images, and CME events from the perspective of both Earth and the expedition sites,

3)  set of in-situ plasma instruments to measure the energetic particles at the point of interest such as at Earth, moon, and Mars,

4)  advanced modeling of the major solar phenomena in order to predict accurately the magnitude of solar events and the expected time of impact on our human environment, being at Earth and other expedition sites, and

5)  near real-time operations that require dedicated ground stations and special orbits for the satellites or multiple satellites for observing the solar driven phenomena, 

In addition to the advances needed to understand short-term solar variability, better understanding of the long-term changes of the solar irradiance is required for terrestrial climate change studies and comparative aeronomy between the planets.  These types of studies concerning the long-term solar variability directly feed into the fundamental questions raised about the evolution of Earth, the moon, Mars, and Venus, which the new exploration initiative is expected to address.  Example questions are:

1)  What are the expectations for the solar variations over periods of decades and longer of the solar electromagnetic radiation, solar energetic particles, composition in the solar wind, and solar magnetic fields (solar dynamo)? 

2)  Do the long-term records, such as from 14C and 10Be, from the moon and other planets confirm the solar variations derived from Earth's records?

3)  How do these solar variations influence the evolution of the planets and enable or prohibit life throughout the solar system via changes in the habitable zone?

4)  How do the solar variations, which so clearly dominate the planetary upper atmospheres, couple to the lower atmospheres and surfaces? 

5)  How much have the solar energetic particles influenced the evolution and composition of the planetary atmospheres via charge exchange between the neutral atmosphere and the solar wind?

NASA has long been active in measuring and modeling the solar variability and its influence throughout the solar system.  While NASA has been exploring many aspects of the solar system and the Sun-Earth relationships for about 50 years, the last 10 to 20 years have been the most fruitful for NASA in that more missions than ever before have been initiated, with several long term missions lasting for several years past the design life.  In addition, development and application of advanced technology for satellite systems, more complete data sets that are routinely released to the public and with few data gaps, and significant advances in all areas of space research have been realized.  As NASA shifts its focus to the new exploration initiative, NASA must continue to further improve our understanding of the space environment that is largely driven by solar variability in order to provide reliable communication and navigation and safe travel for our astronaut explorers.  Furthermore, several of the current NASA missions remain valuable resources that provide important information about the space environment in which sophisticated robots and humans will explore in the coming years. 

For example, in the area of solar irradiance, NASA has six current missions, UARS, SOHO, ACRIMSAT, TIMED, RHESSI, and SORCE, that, as a combined set, are providing complete spectral coverage of the solar irradiance from the hard X-ray to the near infrared and overlapping measurements of the total solar irradiance (TSI).  These measurements, especially when combined, are advancing our understanding of solar irradiance variability, both on short time scales of solar storms that are important for space weather and long time scales of the 11-year sunspot cycle, and longer, that are critical for climate studies.  While X-ray and extreme ultraviolet irradiance and TSI measurements are already being developed for the near future NASA SDO and Glory missions, NASA needs to plan new, future missions to study the ultraviolet, visible, and near infrared solar spectral irradiance.  

In conclusion, the continued study of solar variability and its influence on planetary atmospheres, climate changes, and the space environment, through advanced solar observations throughout the solar system and integrated interdisciplinary modeling, will enable safer and more reliable robotic missions and human expeditions to the moon, Mars, and beyond, while protecting our vital assets at home on Earth.  
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