Ionosphere-Thermosphere Storm Probes (ITSP)

The ITSP mission investigates the spatial and temporal variability of the ionosphere at mid-latitudes. ITSP combines imaging and in-situ measurements of the I-T system, and physics based models to inform our understanding. Two LEO satellites, in different local time orbits are required to determine how electric fields, thermospheric winds, and composition vary with local time, and generate dramatic changes of electron density in the main ionospheric layer during storms. An IT imager will fly as a Mission Of Opportunity on another spacecraft to support the LEO measurements by observing global composition changes.


Since before the Space Age we have collected ionospheric data. To meet the needs of tomorrow and to go beyond an understanding of the climatalogical behavior of the ionosphere we need to make simultaneous, collocated comprehensive measurements of the global behavior of the IT system. The scientific questions addressed by ITSP have direct relevance to the Vision for Space Exploration and to the needs of society. When we prepare to go to Mars, we must be able to land with precision and communicate with assurance. ITSP informs the design of systems for precision navigation and communication without requiring that we build at Mars the equivalent of the Earth’s network of ionospheric observatories. The FAA must develop a GPS-based robust system for automated landings at airports (Wide Area Augmentation System - WAAS). Under disturbed conditions GPS location errors of meters are not uncommon: but we don’t know under what conditions these errors are likely to occur. The FAA needs the ionosphere to be better characterized so that WAAS can become operationally reliable and available. ITSP will allow us to characterize, understand, and predict plasma density gradients that degrade augmented GPS systems, and lead to the mid-latitude ionospheric irregularities which produce scintillation of radio signals. 
The ITSP mission is the highest priority in the LWS line because of the urgent need for understanding the internal and external couplings that drive the mid-latitude ionosphere. ITSP was designed to overlap with the SDO and RBSP missions flying in the 2008-2015 timeframe. The EVE instrument on SDO was assigned to provide solar EUV irradiance measurements to support the I-T science of ITSP -  specifically to understand the temporal variability of the source term for the ionosphere. The RBSP mission will measure electric fields and energetic particles in the inner magnetosphere that map down to the mid-latitude ionosphere, with dramatic consequences for positive-phase ionospheric storms that develop in the afternoon and evening sectors. The current schedule places ITSP at solar maximum and in the declining phase of the solar cycle – times when the ionosphere is both enhanced and disturbed.  ITSP will fly during the phase of the solar cycle that is the most stressing both from the standpoint of technical systems and models. ITSP results will be available in time to guide the concept of operations for precision landing on Mars and communications (surface-surface and surface-space). 
Another geospace mission (GEC) was selected as the top priority in the Solar Terrestrial Probe line. Under current NASA funding guidelines, GEC would launch in a similar timeframe (2017 with a two year lifetime) to ITSP, so the missions would potentially overlap. This was not originally planned, but various factors affecting NASA budgets and delays in the ITSP and LWS lines led to the present situation. The GEC mission is focused on very different scientific objectives in a different altitude and latitude regime from ITSP. Each mission provides scientific insight that is unique. An overlap in the mission timeframes provides synergistic opportunities because GEC measures the high latitude drivers that contribute to the middle and low latitude response measured by ITSP.  However, because of the urgency of each of these missions, each should fly as early as funding permits, regardless of any loss of overlap with the other. 
