Low Latency Earth Observation Data Are Needed For Monitoring And A Better Understanding Of Natural Events As They Unfold 
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1. What are the key challenges or questions for Earth System Science across the spectrum of basic research, applied research, applications, and/or operations in the coming decade?
Over the last decade there has been a considerable growth in the use of near real-time (NRT), or low latency, NASA Earth observation data. Studies show that the rapid delivery of accurate Earth science data is serving the needs of the agricultural, emergency response, environmental monitoring and weather communities, including both operational agencies and researchers within all levels of government, non-governmental organizations, and academia (Davies et al. 2015). NASA’s Earth Science missions are designed to create science quality datasets that can be archived over long time periods and used to address major research questions. Data latency (time from satellite observation to data delivery), has not been a prominent concern of NASA Earth Science mission planners, but has been a major issue for many end-users. NASA has responded to the growing demand for low-latency satellite observations by supporting the Direct Readout Laboratory (DRL) (Coronado and Brentzel 2006) and sponsoring the development of the Land, Atmosphere Near real-time Capability for EOS (LANCE) (Michael et al. 2010; Murphy et al. 2015).  In doing so, systems originally designed for long-term science measurements have evolved to include capabilities useful for NRT science and applications. In 2013 NASA’s Applied Sciences Program commissioned a study to better understand the need for low latency data (Brown et al. 2014). The study concluded that serving the broad end-user community by providing low latency data products is of significant value to NASA and its missions and that improving the number and quality of low latency datasets will increase the value of the services delivered. This is a cross-cutting key challenge for the next decade. 


2. Why are these challenge/questions timely to address now especially with respect to readiness?
Future science missions need clear guidance to support NRT applications during mission development. The real benefits to society could be expanded with early input on mission design to enable NRT access. In many cases, these are not expensive additional processing tasks, but instead involve providing early access to incoming data so that non-NASA entities can perform their own value-added processing and distribution. For example, making reliable and timely satellite-based observations a priority in the planning stages for the coming decade will greatly improve our ability to respond to natural disasters as well as to anticipate future disasters. 

NRT requirements need to be factored into mission planning early, so that the space and ground system architecture permits the data to be downlinked at least once per orbit (requiring access to a ground station in the Arctic, e.g., Svalbard), but preferably twice per orbit (requiring access to ground stations both in the Arctic and Antarctic, e.g., Svalbard and McMurdo).  Achieving low latency and science-quality data and products depends on three components: (1) timely data download from the satellite, (2) algorithm development, quality assessment, and validation, and (3) data processing and product distribution.  The timely data download from the satellite is something that must be included before launch. For example, this can be achieved by the use of TDRSS or by additional ground station contacts. Once data are downloaded, requirements must be levied upon the ground system to ensure that the data are processed and delivered in a timely manner to NRT users.  This includes the network bandwidth requirements, the expedited delivery of telemetry (i.e., Level 0) data, the development of NRT products and ensuring products are assessed and made available in formats that are easily accessible to users.
	The delivery of NRT products relies on a tradeoff between ‘timeliness’ and ‘accuracy’, the product of which results in algorithms that do not rely on “high-quality” ancillary data, especially from other sensors; but instead only incorporates on-board calibration and algorithms that facilitate NRT throughput to a science-quality data product.

Examples of both science and stakeholder communities that have an interest in NASA NRT satellite data include: portions of the NASA-internal Earth Science community, NOAA, USGS, USDA, Dept. of State (USAID), DHS (FEMA), DoD, State Emergency Management Centers and Governor’s Offices, major corporations such as Google, Inc., and a large number of international organizations: UN World Food Programme, UNOSAT, ESA and the EU’s Copernicus system, development banks (including World Bank)-related projects in environmental monitoring, International Red Cross/Red Crescent, and a wide variety of national agencies around the world who maintain units that ingest and process NASA-based satellite data to accomplish their own missions.

The NRT applications could benefit from the following additional space-borne capabilities: 
· Active and passive microwave data such as from SMAP, SWOT, the US/India INSAR- for the emergency management community and including hydrometeorological, seismological, and volcano-related disaster response and prediction.
· Satellite altimetry data such as from SWOT, ICESAT-2, and other existing and planned NASA missions- for the emergency management community and especially including hydrometeorological, disaster response and prediction and for incorporation into NRT hydrological modeling and prediction efforts.
· Public and fast access to data from planned GPS signal reflectance (GNSS) products.
· Moderate-resolution Optical/MIR/Thermal (e.g. Landsat) – more frequent observations (1-3 day) rather than 16 day (MIR data) for fire monitoring. 
· Coupled fine spatial resolution optical and radar observations (1m-3m) and drone imaging systems.
· Operational forecast impact of near-real time wind measurements (e.g. MISR) that may improve upon results from currently assimilated sensors.
· Aerosol and trace gas observations for data assimilation and air-quality forecasting, which would benefit disaster emergency management for wild fires, volcanoes and aviation safety, and public health. 
· Continued access to daily (polar-orbiting) or even hourly (geostationary) data for coastal monitoring and flooding impacts
· Nighttime environmental products from Suomi-NPP VIIRS and upcoming JPSS-1/2/3 polar orbiting missions.
3. Why are space-based observations fundamental to addressing these challenges/questions?
Space-based observations are now contributing to emergency response and more effective disaster risk management, but there are many constraints and development of the capabilities is only beginning. NASA observations are already being used with other data to produce higher-level synthetic products which address key scientific questions and meet societal needs. Examples include: agricultural monitoring, fire monitoring, modelling aerosol, weather forecasting, dynamic monitoring of energy services in urban areas, monitoring emissions from volcanoes etc.  Scientific and societal benefits are already being demonstrated.  LANCE and the NASA Applied Science Program recognize the following uses of NRT EO data: aerosol forecasting (Darmenov and da Silva 2015), agricultural monitoring (Becker-Reshef et al. 2010), short-term weather forecasting (Jedlovec 2013), supplying ships with ice conditions, monitoring air quality, and planning flights near hurricanes (Davies et al. 2015), ice flow surveys,  monitoring oil spills (Hu et al. 2003), detection of power outages in urban areas following disasters (Molthan et al., 2013), the early warning of fires for strategic fire management (Davies et al. 2009; Vizcarra 2012) and volcanoes (Carn et al. 2008; Krueger et al. 2009) and ephemeral events such as phytoplankton blooms and flooding events. To continue meeting these applications there is a need for NRT data from systematic observations such as those from MODIS and VIIRS as well as experimental missions.  
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