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Abstract
NASA’s Land Atmosphere Near-real time Capability for EOS (Earth Observing System) (LANCE) supports users interested in monitoring and analyzing a wide variety of natural and man-made phenomena in near real-time (NRT). Chapter X provides an overview of LANCE and its key components. This chapter provides a brief description of the LANCE services followed by examples of how LANCE products are used and key lessons learned about delivering these products to end users.
Introduction
LANCE provides near real-time imagery from data and imagery for over 70 products from MODIS, AIRS, MLS AND OMI. These products are used by scientists, operational agencies, government and non-government users for a wide range of purposes including weather forecasting, humanitarian efforts and strategic fire fighting. An overview of the LANCE system is provided in chapter X. This chapter provides a description of the LANCE services used to distribute data and imagery; examples of how NRT products are used; and lessons learned about delivering products to end users.
LANCE Services 
LANCE products are primarily distributed as HDF data files for analysis and as imagery for visualization. In addition, MODIS hotspot/active fire data are also provided through the Fire Information for Resource Management System (FIRMS). LANCE services include: FTP/HTTP file distribution, Rapid Response (RR), Worldview, Global Imagery Browse Services (GIBS) and FIRMS (see Table X). 
1.1.1 Data File distribution
Hierarchical Data Format (HDF) is the prescribed format for standard and NRT data products derived from EOS missions. Users of HDF files are generally remote sensing specialists who want to process their own data; they are typically scientists, forecasters or modelers. Users register as part of the EOSDIS User Registration System (URS) and are notified of any delays in data processing, for example due to spacecraft maneuvers. 	Comment by Diane Davies: MW is this necessary?
1.1.2 Rapid Response 
As mentioned in Chapter X Rapid Response was developed in response to the needs of the US Forest Service for NRT fire products (Sohlberg, Descloitres, & Bobbe, 2001). It was soon realized that MODIS imagery was useful for a variety of applications and the scope of Rapid Response expanded to provide: global land swath images; geo-referenced images for “areas of interest” (referred to as subsets) and gallery images, hand-crafted imagery for newsworthy events or for public outreach.  End users impressed with the utility of Rapid Response subsets, requested more global NRT products, for any area of the world; the success of Rapid Response imagery has been one of the main driving forces behind the development of GIBS and Worldview, both described below. 

1.1.3 GIBS (Ryan Matt – please add more) 
GIBS, or the Global Imagery Browse Services are a set of standard services provided by EOSDIS to deliver global, full-resolution MODIS, AIRS, OMI and MLS imagery via a variety of standard services, such as Web Map Tile Services (WMTS), Tiled Web Map Service (TWMS) and KML.  

1.1.4 Worldview
Worldview is a web-based imagery browsing tool from EOSDIS which is designed for interactive visualization, discovery, and downloading of NASA data.  By using GIBS to supply its imagery, Worldview users can quickly zoom, pan, and skip through time to visualize data from any spatial region and date of interest.  For high latitude use cases, imagery can be shown in Arctic and Antarctic map.  The overall goal of the interface is to make imagery more accessible to non-experts in remote sensing, though capabilities are also provided to download the full-resolution imagery and the NRT data files from which it was created. 

Worldview was originally built with the NRT community in mind. New imagery is generally made available within three hours of observation and most LANCE products are supported.  In addition, selected products from NASA’s Socioeconomic Data and Applications Center (SEDAC) are viewable, such as population density and flood risk maps, to provide context for the NRT imagery.  As Worldview continues to mature, it is expanding to include access to historical, science-quality imagery for research-based use cases.
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Figure 1: Worldview showing wildfires burning in northern California on August 27, 2012 using MODIS Corrected Reflectance, Fire and Thermal Anomalies, and Aerosol Optical Depth products

1.1.5 FIRMS
FIRMS, or the Fire Information for Resource Management System, provides users with MODIS-derived hotspot / active fire locations. FIRMS data are delivered through email alerts, downloadable files or by querying the full archive of MODIS fire detections in Web Fire Mapper for visualization. FIRMS was originally developed at the University of Maryland, in partnership with Rapid Response under a NASA a grant from the NASA Applied Sciences Program (Davies, Ilavajhala, & Justice, 2009). 
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LANCE SERVICE

	
NRT Product
	
Targeted User / Use

	Data
	Download Data
	FTP / HTTP File Distribution
	HDF data files
	Remote Sensing experts, scientists

	
	
	FIRMS FTP/ HTTP
	MODIS active fire data. File formats: TXT, SHP, KML
	Fire / natural resource managers, conservationists 

	
	Subscribe Data
	HDF
	HDF data files
	Remote Sensing experts, scientists, and modelers who want data daily

	
	
	FIRMS Fire Email Alerts 
	MODIS-derived fire location coordinates with optional map (Format: NRT, daily or weekly alerts)
	Fire managers, and field staff / practitioners. 

	Visualize 
	Rapid Response Imagery
	Subsets

	[bookmark: _GoBack]MODIS Geo-referenced, geographically sub-setted images in GIS compatible format.
GIS-ready satellite data
	For rapid assessment of same area on multiple days. Excellent in poor bandwidth areas 

	
	
	MODIS NRT (Orbit Swath) images

	Swath images for each five-minute interval for MODIS data
	Quick look prior to granule (data) download

	
	
	Gallery images
	Geo-referenced MODIS imagery for interesting events and phenomena in GIS compatible format
	Public outreach and Media: press, blogs and social media

	
	 All LANCE Imagery
	Worldview 

	Imagery from AIRS, MLS, MODIS and OMI. Image subsets as JPEG, PNG, GeoTIFF and KMZ 
	Google Maps type tool to interactively browse global imagery and create custom subsets 

	
	
	GIBS
	Imagery via standard services e.g. Web Map Tile Services (WMTS), Tiled Web Map Service (TWMS) and KML.  
	Imagery standard services for web mapping applications and apps 

	
	MODIS fire data
	FIRMS Web Fire Mapper
	Interactive global web map service for MODIS active fire data: NRT and full science quality archive 
	Understanding fire patterns over time for any area / date query 


Use of LANCE products
This section describes 7 examples of how LANCE products are used. These are summarized in table 2.
	Use	Comment by Diane Davies: Not sure if such a table is helpful or if the above description is better
	Data
	Service

	Global Agricultural Monitoring
	MODIS – HDF
	FTP subscription


	Volcano Monitoring
	OMI – HDF files
	FTP

	Aerosol Forecasting
	MODIS - 
	FTP

	AMSR for short-term forecasting
	AMSR-E / AMSR 2
	FTP

	Sea Ice conditions to vessels in Antarctic
	MODIS GeoTIFF
	Rapid Response

	Planning optimal flights near hurricanes
	MODIS  AIRS
	Worldview/GIBS

	Imagery feed to EPA Air-NOW Tech Navigator
	MODIS
	GIBS

	Monitoring protected areas in Belize	Comment by Diane Davies: Jeff thought table more useful that putting this as text – so deleted text. Minnie things Table doesn’t seem useful – would most of the info already be in a table of contents?
	MODIS active fire
	FIRMS fire email alerts

	
	
	



NRT Data: HDF files distributed by FTP
MODIS Data for Global Agricultural monitoring 
The idea of monitoring global agricultural production from space was realized in the 1970’s with the launch of the Earth Resources Technology Satellite (ERTS-1) and subsequently in the early 1980’s with the Advanced Very High Resolution Radiometer (AVHRR). Techniques for agricultural monitoring using remote sensing were developed through the joint NASA USDA Large Area Crop Inventory Experiment (LACIE) and later, the joint program for Agriculture and Resources Inventory Surveys Through Aerospace Remote Sensing AGRISTARS Program. Time-series observations from the AVHRR using the Normalized Difference Vegetation Index (NDVI) proved to be extremely useful for monitoring vegetation, crop development and condition during the growing season (C.O. Justice, Townshend, Holben, & Tucker, 1985; Tucker, Holben, Elgin, & McMurtrey, 1981)al. 1985, Tucker et al.1981) at national to global scales. Significant improvements for vegetation monitoring came with the EOS MODIS instrument (C.O Justice et al., 2002). The USDA Foreign Agricultural Service (FAS), which undertakes global agricultural production monitoring, uses global satellite data as one of their inputs. MODIS Vegetation Index data were incorporated into the FAS Crop Explorer through the Global Agriculture Monitoring (GLAM) System (Inbal Becker-Reshef et al., 2010). The requirements for agricultural production monitoring are time-sensitive.  The MODIS Adaptive Processing System (MODAPS) which generates the MODIS data primarily for land-science users waits for all data to be available before processing NDVI composites, which results in delayed availability (Masuoka et al., 2011). The development of the near real-time MODIS data from the LANCE system provided a significant improvement in timeliness of delivery critical for agricultural monitoring (Becker-Reshef 2011).  These LANCE data have been integrated into the GLAM systems and and NDVI composites are provided to USDA as well as to the international agricultural community within 24 hours of the last day of composite.  Research is being developed to extend the use of MODIS LANCE data for estimation of crop yield (I. Becker-Reshef, Vermote, Lindeman, & Justice, 2010). In addition to the USDA FAS system, there are other global agricultural monitoring systems in Europe, China and at the UN FAO which are loosely coordinated through the G-20 GEOGLAM initiative of GEOSS (Group on Earth Observations System of Systems). All of these systems use MODIS data and take advantage of the LANCE system for accessing MODIS data. Efforts are underway to make the case for a similar near real-time capability to be generated from the Suomi NPP (SNPP) Visible Infrared Imager Radiometer Suite (VIIRS) system providing continuity with MODIS data (Justice et al. – in press).    
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Figure 2 LANCE MODIS data available through GLAM interface within 24 hours of last date composite
OMI Data for Volcano Monitoring – from Phil Durbin
OMI Sulfur Dioxide (SO2) and Aerosol Index are used in monitoring volcanic clouds and detecting  pre-eruptive volcanic degassing globally (Carn, Krueger, Krotkov, Yang, & Evans, 2008). 

LANCE data provide valuable information in support of the United States (US) Federal Aviation Administration goal of a safe and efficient national air space. NRT observations of SO2 and volcanic ash are incorporated into data products compatible with decision support tools in use at Volcanic Ash Advisory Centers (VAACs) in Washington and Anchorage and at the United States Geological Survey (USGS) Volcano Observatories. The VAACs provide Volcanic Ash Advisories to airlines for their operational decisions. This information includes the location and forecasted movement of the visible ash clouds. The data retrieved from LANCE are transformed into McIDAS, a sophisticated, video-interactive set of tools for manipulating satellite imagery, conventional meteorological observations, and other environmental information at the VAAC. Data from LANCE are also fed in to an operational OMI NRT SO2 image and data products distribution system that was developed in 2007 in a NASA sponsored collaboration between the University of Maryland, Baltimore County and the NOAA Office of Satellite Data Processing and Distribution. This system creates automated volcanic eruption alarms that are sent to the Washington and Anchorage VAACs, and produces volcanic cloud subsets for multiple regions of interest. These are provided through the website: http://satepsanone.nesdis.noaa.gov/pub/OMI/OMISO2/index.html. This site provides access to different graphical products derived from the OMI, the Global Ozone Monitoring Experiment-2 (GOME-2),GOME-2, and AIRS, intended to facilitate rapid access to global volcanic cloud data. Detailed maps of volcanic regions are provided to show degassing activity, which is useful for monitoring emissions that may be precursory to eruptive activity (Krueger et al., 2009).

GEOS-5 Global Aerosol Forecasting System – Arlindo Da Silva
Aerosols are tiny airborne particles that affect climate through the absorption and scattering of solar and thermal radiation, and this affects cloud and precipitation formation. Aerosol is also the common type of air pollution, affecting health, transporting pollution across international borders and across the oceans, and affecting the United States Environmental Protection Agency (EPA) regulations. Scientists at NASA’s Goddard Space Flight Center have developed a computer model for ingesting satellite data and provide global NRT forecasts of common aerosol types such as desert dust, salt from the oceans, smoke from fires, sulfates from volcanoes and particulate matter pollution.
The Goddard Earth Observing System Model, Version 5 (GEOS-5) is the latest version of the NASA Global Modeling and Assimilation Office (GMAO) Earth system model. The aerosol module in GEOS-5 is based on a version of the Goddard Chemistry, Aerosol, Radiation, and Transport (GOCART) model (Chin et al., 2002) and source and sink processes for dust, sulfate, sea salt, and black and organic carbon aerosols. Figure 2 depicts a sample initial condition for the aerosol forecast starting on 12 UTC May 29, 2013 based on NRT satellite data provided by LANCE.  
NRT MODIS data provided by LANCE plays a critical role in the GEOS-5 aerosol forecasts: daily biomass burning emissions are derived from MODIS radiative power retrievals (Darmenov & Da Silva, 2013) and cloud-cleared MODIS reflectances are the main ingredients of the aerosol forecasting and data assimilation system.
The GMAO runs the global GEOS-5 Data Atmospheric Data Assimilation system in near real-time, producing twice daily 5 day forecasts with a nominal resolution of 25 km. These forecasts have been used to support numerous NASA aircraft campaigns (e.g., CRAVE, TC4, ARCTAS, TIGERZ, GLOPAC, DISCOVER-AQ, ATTREX, HS3; more information on these campaigns can be found at: http://www.espo.nasa.gov/missions.php). A number of recent studies highlight the application of GEOS-5 with GOCART aerosols (Aquila, Oman, Stolarski, Colarco, & Newman, 2012; Bian et al., 2013; Colarco, da Silva, Chin, & Diehl, 2010; Nowottnick et al., 2010; Nowottnick, Colarco, da Silva, Hlavka, & McGill, 2011; Randles, Colarco, & da Silva, 2013).
The GEOS-5 forecast data files and images are available on-line from the GMAO website (http://gmao.gsfc.nasa.gov). 
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Figure 3 GEOS-5 aerosol optical depth analysis valid 12 UTC on May 29, 2013 for dust, sea salt, back carbon and sulfate aerosols. These images are available on the GEOS-5 WMS server: http://www.map.nasa.gov/cgi-bin/viewer.cgi?project=e572.inst1_2d_hwl_Nx.
Advanced Microwave Scanning Radiometer data for short-term forecasting
Spaceborne passive microwave radiometers have been observing the Earth in near polar, sun-synchronous orbits since the 1970s with the launch of the Electronically Scanning Microwave Radiometer (ESMR) aboard the Nimbus-5 satellite.  Over the last 40+ years a series of U.S. satellites have carried increasingly more sophisticated instruments.  They include the Scanning Multichannel Microwave Radiometer (SMMR), Special Sensor Microwave Imager (SSM/I), Special Sensor Microwave Imager Sounder (SSM/IS) and the Advanced Microwave Scanning Radiometer for Earth Observing System (AMSR-E).  Launched in 2002, the AMSR-E flew aboard the National Aeronautics and Space Administration (NASA) Aqua satellite.  After over nine years of service, the AMSR-E instrument failed in Oct 2011, but not before the NASA LANCE system was able to demonstrate cases where near real time uses of passive microwave data were beneficial to the forecast community. Fortunately, the Japan Aerospace Exploration Agency (JAXA) operates a similar instrument on the Global Change Observation Mission – Water (GCOM-W1) satellite.  The Advanced Microwave Scanning Radiometer-2 (AMSR-2) was launched in May 2012 and in 2013 the LANCE system began ingesting and processing the data in near real time.  	Comment by Diane Davies: Change to ‘it is expected that the LANCE system will begin to ingest and process the data in NRT in 2013….
AMSR-E was designed to detect water in all its state phases (ice, water, vapor) in the environment.  As such, the AMSR-E instrument monitored the water processes that exert a strong influence on climate and weather.  The environmental parameters that can be measured by AMSR-E include precipitation, oceanic water vapor, cloud water, near-surface ocean wind speed, sea surface temperature, soil moisture, snow cover, and sea ice.  AMSR-E provided global coverage of the Earth’s surface and atmosphere from its near-polar orbit aboard the Aqua satellite. The steady stream of data were continually downlinked and distributed through the NASA’s Earth Science Data and Information System (ESDIS). 
The Short-term Prediction Research and Transition (SPoRT) Center at the NASA Marshall Space Flight Center used the AMSR-E products to provide a variety of geophysical products to the National Weather Service (NWS) Forecast Offices.  The SPoRT Center is a research to operations focused project whose objective is to provide the end-to-end transition of modeling and data assimilation techniques, nowcasting tools, and NASA satellite derived data products for improved short-term weather forecasting (Jedlovec, 2013).  SPoRT works closely with the NWS to provide new applications and data sets that can be incorporated into the NWS forecasters procedures for developing their short-term forecasts.  SPoRT used the AMSR-E data sets to provide weather products to help diagnose convective weather events.
SPoRT collaborated with NWS to identify and provide near real-time AMSR-E estimated rainfall rates and the percentage of convective storms to the forecasters.  An example of the use of near real time AMSR-E is depicted in Figure 3.  This figure shows a strong line of thunderstorms passing through the southeastern U.S. on 10 December 2008. Figure 3A identifies the instantaneous rain rates and Figure 5.1B highlights which of the storms are convectively active.  The highest convection and the heaviest rains are concentrated along the cold front, particularly in west-central Alabama and east-central Mississippi.  The NWS forecasters use these products to analyze the current conditions and to improve the prediction (in weather forecast models) of clouds and precipitation.
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Figure 4 AMSR-E microwave observations “see” through the cloud cover to identify areas of the most intense rainfall.  AMSR-E products show estimated rainfall rates (A) and (B) convective percent of storms on 10 December 2008.   The color bars indicate rainfall rates in excess of 1 inch / hour and identify the strongest convective cells along the leading edge of the front.
Rapid Response imagery: Supplying ships in Antarctica with ice conditions 
Rapid Response images are regularly seen in press releases and on TV for newsworthy events but they are useful for a wide range uses. The following example comes from long-time users at the Polar Geospatial Center (PGC) that routinely use NRT MODIS imagery, along with other datasets, to provide ships in the Antarctic with up-to-date information on sea ice conditions.

Antarctica is covered by the world's largest ice sheet and surrounded by sea ice. This sea ice can seasonally break up, providing challenges, and even hazards, for scientific vessels and ships.  When conditions are challenging the U.S. Antarctic Program’s Antarctic Research and Supply Vessels ask PGC for maps outlining where the sea ice is relative to their outer line stations to enable them to plot a route. Such information needs to be delivered rapidly. To obtain the most up-to-date maps of sea ice, the team at PGC use the latest MODIS image, created by combining information from Bands 3, 6, and 7 that differentiates clouds from snow and ice, and overlay it with other imagery and provides it to the science teams onboard the research vessel. With this information a research vessel can plot a route that will save both time and money by avoiding the need to reduce speed to maneuver around sea ice. As such, MODIS NRT images are routinely used by the U.S. Antarctic Program fleet.
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Figure 5 Map of sea ice in the Antarctic on January 19, 2012. Using a Rapid Response MODIS image combining Bands 3, 6, and 7 it is possible to differentiate sea ice from clouds. Red shades indicate ice, while tan shades indicate clouds. Such information can be overlaid in Polar View, an Earth observation portal that combines the latest satellite imagery for the poles. These data are routinely used to help ships safely plot their course through icy waters. Image credit: Paul Morin [originally reproduced in (Murphy, Justice, Lowe, Maiden, & Davies, 2012)
Worldview: Planning optimal flights near a hurricane
As described in <previous chapter>, Worldview was originally designed as an interactive map client tailored to the NRT applications community.  One example of this community within NASA is the Hurricane and Severe Storm Sentinel (HS3) mission, a 5-year airborne investigation to study the processes that govern hurricane formation and intensification.   HS3 uses a pair of Global Hawk unmanned aerial vehicles (UAVs) equipped with scientific instrumentation to measure both the large-scale environment around a storm and the internal processes within the storm itself.  Of particular interest is the effect of the Saharan Air Layer – a dry, warm, and dusty air mass - on hurricanes in the Atlantic basin.

While HS3 is an airborne mission designed to collect data within and in close proximity to a hurricane, near real-time satellite data plays an important role in deciding exactly where the aircraft should fly.  In particular, the ability to interactively examine satellite observations of aerosols, humidity, and clouds in the vicinity of a storm can be critical for pre-flight and in-flight route adjustments based on the most recent data available.

Although the system was not fully operational in time for HS3’s first deployment in 2012, the potential of using LANCE data fed into Worldview/GIBS can be illustrated using the case of Hurricane Nadine, a long-lasting storm that was active from September 10 – October 3, 2012, and heavily sampled by HS3.  The HS3 team began planning for a September 11-12 flight into Nadine as early as September 8.  Between September 9-11 (Fig. 5), a major dust outbreak from the Sahara was moving rapidly westward on the eastern and northern sides of the cloud system that became Nadine.  MODIS aerosol optical depth and numerical weather prediction data were used to estimate the likely extent of the Saharan Air Layer for the day of flight and to design a flight pattern that both sampled the storm and the portion of the Saharan air closest to the storm (Fig. 6).  With the addition of AIRS temperature and humidity data in 2013, the HS3 team will be making Worldview/GIBS a core tool in their forecasting and flight planning processes for their deployments in 2013 and 2014.
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Figure 6: Sept. 9-11, 2012 in NASA Worldview displaying Hurricane Nadine as observed from the Terra and Aqua spacecraft; the MODIS Corrected Reflectance product provides the "true color" imagery while MODIS Aerosol Optical Depth (orange) shows a large dust plume
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Figure 7: A typical “lawnmower” flight track (green line) to be used by HS3 to sample the environment of a storm superimposed over Worldview's display of Hurricane Nadine on September 12, 2012. The flight track is designed to examine the extent to which the Saharan air gets wrapped into the storm circulation.
GIBS: Providing imagery to EPA AirNow-Tech Navigator
As described above, at the time of writing, GIBS is a relatively new set of standard services that are used in apps and in a range of online mapping tools. The following describes how GIBS has been integrated in to AirNow-Tech, a decision support system developed by the U.S. Environmental Protection Agency’s (EPA). 

The EPA’s AirNow program provides the public with easy access to national ambient air quality (http://www.airnow.gov).  The public AirNow.gov website uses the Air Quality Index (AQI), a standardized index for reporting air quality based on health effects for ground-level ozone (O3), fine particulate matter (PM2.5), and other pollutants.[footnoteRef:1] AirNow.gov provides near-real-time hourly AQI conditions and daily AQI forecasts with maps of interpolated AQI levels on national, regional, and local spatial scales. [1:  For more information about the AQI, check http://www.airnow.gov.] 


AirNow-Tech, is a password-protected, interactive website and decision support system for managing ambient air quality and meteorological data submitted to AirNow.  AirNow-Tech provides a data management tool for air monitoring agencies and includes an analysis tool for querying and mapping air quality and meteorological information across agencies.  Access to AirNow-Tech is available to all partner air monitoring agencies and other technical users in the ambient air monitoring and forecasting community (e.g., multi-state organizations, EPA staff, and third-party scientists). Sonoma Technology, Inc. (STI) operates AirNow and AirNow-Tech for EPA.  

AirNow-Tech Navigator (hereafter, Navigator) is an interactive spatial analysis GIS tool within AirNow-Tech that allows users to display spatial plots of air quality data and surface weather conditions.  Navigator uses standardized geospatial web services, such as OGC[footnoteRef:2]-compliant web mapping services (WMS) and web mapping tile services (WMTS), to display air quality and meteorological data, smoke plumes, and fire locations.  The AirNow user community expressed a strong desire to integrate NASA satellite data into Navigator.  Through collaboration with LANCE, EPA, and STI, two satellite data sets have been incorporated into Navigator using a WMTS from GIBS: the aerosol optical depth (AOD) and True Color imagery from MODIS. [2:  Open Geospatial Consortium] 


The near-real-time capability of GIBS provides Navigator users with a tool to overlay MODIS products, surface air quality and meteorological data, fire location information, and trajectory data on one plot for quick multi-layer analysis of past and current air quality conditions.  For example, on July 4, 2012 (Figure 1), moderate air quality concentrations for PM2.5 were observed in southeastern Minnesota.  The addition of NASA satellite data from GIBS allows air quality forecasters to overlay NASA MODIS True Color and AOD imagery, trajectory, surface concentration data, and fire locations to determine that visible smoke likely played a role in the moderate concentrations measured in Minnesota on that day.
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Figure 8 Screenshots from AirNow-Tech Navigator of a visible smoke event on July 4, 2012.  Data displayed are:  24-hr average PM2.5 concentrations (dots, color-coded based on the AQI); fire locations from NOAA’s Hazard Mapping Service (HMS; red triangles); 24-hr forward HYSPLIT trajectory ending on July 4, 2012, at 100 meters above ground level; NASA GIBS MODIS True Color imagery (left) and AOD (right) from the Aqua satellite
 

FIRMS Fire Email Alerts: monitoring protected forests in Belize 
FIRMS fire email alerts are sent in English, French and Spanish to individuals working in 
government and non-government organizations in over 120 countries. The fire alerts are used by natural resource managers, policy makers, and scientists to support decision making in a number of applications including protecting forests from illegal slash and burn farming, prioritizing limited resources for strategic fire management, for tactical fire management (improving location knowledge of a fire) and identifying the source of a smoke plumes for air quality management. The following paragraph describes how a conservation group in Belize uses fire alerts to help monitor Chiquibul National Park. 

In Belize the non-profit group, Friends for Conservation and Development (FCD) uses the fire alerts to help monitor the Chiquibul National Park, on the border with Guatemala.  It is the largest protected forest in Belize and home to the biggest Mayan archaeological site in the country. The fire alerts warn of possible encroachments into the forest by local Guatemalan farmers and are used by FCD to prioritize their limited resources for aerial and ground reconnaissance. The 264,000 acre park is home to a rainforest that is not prone to naturally caused fire therefore detected fires are likely to be caused by humans. Fires in this fragile rainforest often indicate clearing for agriculture. Slash and burn farming can lead to large gaps in the forest canopy, which disturbs the moisture-dependent ecosystem and sometimes leads to irreversible changes in the forest cover. When hotspots are reported in remote areas far from forest trails, FCD sends a plane to see what is going on.  Knowing the coordinates of a detected fire, just three hours after satellite overpass is very valuable information for this conservation effort (Vizcarra, 2012).
Key lessons learned 
As mentioned in Chapter X LANCE is managed by ESDIS and steered by a User Working Group (UWG). Recommendations from the UWG and feedback from users[footnoteRef:3] guide the development of LANCE. Chapter X, summarizing lessons learned from the developing a NRT system by utilizing science components, is complemented here conveying lessons learned from interactions with end users.  [3:  Correspondence and informal interviews with users and feedback from users through the NASA EOSDIS User Support Tool] 


Most importantly, interactions with end users have shown that users want NRT data and imagery to be easy to find, freely available, and in easy to use formats. This finding is not new but it is one that is regularly revisited as technologies improve. Other key findings from interactions with end users include the desire to be able to easily integrate imagery and information without touching the satellite data, the need for small file sizes and access to full resolution NRT imagery. LANCE also needs to properly convey the limitations of the data and provide case studies and examples of how the data are being used in real life application

End users want to integrate imagery with other geographic data without the overhead of having to ingest and stage data. Mashup maps, a combination of geographic datasets from various sources brought together for viewing on the Internet as a new map, are increasingly popular. GIBS is empowering users to deploy map mashup solutions or pull the latest imagery in to their own app or web mapping client (as shown in the EPA example in section XXX). 

Some users want information not data. Where feasible, catering to this requirement will result in uptake by users who would probably not otherwise access satellite data. An example of this is the FIRMS email alerts. The alerts provide information only when a fire is detected in a user-defined area of interest. Gallery images or book marked events in Worldview also go a long way to meeting this ‘information’ requirement – particularly when shared as part of a blog / social media or a popular article. 

File size is particularly important for users in poor bandwidth areas. Rapid Response subset images still make up the bulk of files downloaded from LANCE. This is because they effectively ‘bookmark’ user-requested geo-referenced images that are relatively small and easy to download. 

Scientists studying geophysical events in NRT appreciate the capability to view full resolution browse imagery to rapidly assess situations (for example to identify the source of a dust plume) and to help decide which data scenes to download. The ability to browse full resolution imagery and then download underlying data from Worldview provides a convenient method for search and order. 	Comment by Diane Davies: This is a new  capability to be implemented by the summer
It is important to manage user expectations of what can and cannot be seen in the NRT products. For example, an appreciation of the spatial resolution of dataset is important; users are accustomed to being able to zoom-in to high-resolution imagery in clients such as Google Earth. This can leave some users frustrated as MODIS imagery has maximum spatial resolution of 250m, with most products at 500m, 1km, 5km and 10km. Other instruments have lower resolutions, such as OMI at 25km and AIRS at 11km and 37km. Expectation can to some extent be achieved through explanations on the website and FAQ. In the future, integration of co-incident high and moderate resolution data will ease this frustration for users. 

Confidence in a satellite-derived product is linked to a users experience; educating users about the potential and limitations of a dataset will improve this experience. For example the MODIS hotspot/fire detections, distributed through FIRMS are provided as coordinates that represent the center of an approximately 1km pixel flagged as containing one or more hotspots/fires within that pixel. The “location” is the center point of the pixel, not necessarily the coordinates of the actual fire – a fact that needs to be kept in mind when a user is in the field looking for a fire. Users also need to be aware that the MOD14 algorithm that is used to detect these hotspots will pick up gas flares, very hot metallic rocks and even the biggest of BBQs and yet not all wildfires will be detected; fires are only detected if flaming when the satellite passes overhead; clouds and heavy smoke will obscure detection and small / cool fires may not be detected. Without such background information users can quickly lose confidence in the data.

Exposure to example products or case studies is likely to increase uptake (Trigg & Roy, 2007). Users need to understand which products are likely to be useful as well as how to use them. In an effort to guide users LANCE worked with the science teams to develop a table of potentially useful products for NRT applications / hazards and disasters with links to stories in the Earth Observatory ((http://earthobservatory.nasa.gov) to help 

Finally, users want data and imagery to be easy to find, freely available, and in easy to use formats. This finding is not new but it is one that is regularly revisited as technologies improve. 
CONCLUSION 
This chapter provides examples of how LANCE global NRT data and imagery are enabling users to make better decisions. The success of LANCE and breadth of NRT applications illustrated here has been made possible through the NASA’s investment in the NRT infrastructure described in chapter X, through its science teams and their applied research. Having science teams oversee the expedited algorithms and help identify the potential and limitation of the data sets is a distinct advantage. 

It is expected that the uptake of NRT satellite data and imagery will continue to grow. As user experiences become more streamlined, and blogs and social media provide more links to NRT imagery there will be greater awareness and use of the imagery. New technologies, faster and easier methods for accessing imagery and data are also having an impact on remote-sensing specialists; these advances mean data sets are easier to access. The ability to browse full resolution imagery and directly download the underlying data in Worldview and GIBS is streamlining the data selection and acquisition process. 
But knowing what data are available, and the potential utility of the available information for an application still limits uptake. Chapters like this (and others in this book?) that provide examples of how data can be used are a step in the right direction. 	Comment by Diane Davies: Not v happy with this

In the near future users will be able to use clients that stream coincident imagery from low/moderate-resolution (like MODIS, AIRS, OMI and MLS) and high-resolution sensors, and this will take the user experience to the next level. The integration of high-spatial resolution but low-temporal resolution combined with imagery of low/moderate-spatial resolution but high-temporal resolution will increase the utility of both data sets. For example, a user may look at a burned area, or flood using MODIS but may struggle (at best) to determine the spatial extent of the event, or even if it really is burned or flooded. Being able to add a co-incident layer of high-resolution imagery will help the user improve their confidence in what they see.

LANCE successfully demonstrates the use of NRT data and imagery for 4 sensors. There are other sensors that could complement the existing suite of products if they were available in NRT with LANCE type capabilities. 
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