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I. OBJECTIVES
This report details NASA satellite and airborne imaging / sensing system assets that have applicable uses for the observation of wildfires in the arctic region.  The accompanying table and description of systems are provided to support the Interagency Arctic Research and Policy Committee (IARPC), Wildfire Implementation Team (WIT), which is a multi-agency group chartered with investigating the frequency and severity of wildfires in the arctic as a component of understanding high latitude terrestrial ecosystem process, ecosystem services and climate feedbacks.  The Wildfire initiative is identified in section 3.2: Research Initiatives, of the draft IARPC Arctic Research Plan: FY2013-2017.  This report is also responsive to the five-year plans for federally-sponsored research in the arctic region, where the IARPC identified seven over-arching categories to form the basis of a national policy for Arctic research and that will especially benefit from interagency collaboration; one of those categories is  the “Observing Systems” category.  This report supports that beneficial-needs assessment.

As part of the IARPC WIT, a key element for informing the arctic research community on the impact of wildfires in the arctic was identified in Milestone 3.2.4e:
“Identify existing knowledge and quality of data on wildfire frequency, extent, and severity in the Arctic. If needed, develop strategies/projects to improve data to monitor changes in wildfire frequency, extent, and severity in the Arctic.” 
This ensuing report is directly responsive to that milestone element.


II. INTRODUCTION
The following sections detail the orbital and sub-orbital (airborne) remote sensing systems which can provide fire information, particularly active fire observation capabilities.  The sensor systems are highlighted with references to their spectral characteristics, orbit frequency, spatial coverage and any fire detection algorithm capabilities.  The airborne systems identified in this document highlight the imaging capabilities of both operational and “research” sensors used by the fire community and the fire research community.  The final section of this document highlights the various agencies that have web services that provide operational fire monitoring.

III. SENSOR SYSTEMS
This report primarily considers the national orbital asset systems for applicability to wildfire observations.  Secondarily, the report further identifies national asset airborne sensor systems that can be employed for more localized studies on the impact of wildfires.  In this report, we have only considered land-imaging sensor systems which include spectral observation capabilities in the visible, near-infrared, middle-infrared and thermal infrared (emitted heat) portions of the electro-magnetic spectrum.  In-situ or orbital atmospheric sensors that discriminate constituents from wildfire events / plumes were not identified in this report.

The sensor systems identified in the following table, highlight the current operational sub-orbital and orbital assets available to the arctic wildfire research and applications community.  The table highlights the pertinent instrumentation capabilities, responsible / managing agency, the viable spectral configurations to enable wildfire observations, the sensor saturation temperature (pertinent for identification of wildfire “hot-spots” and as a false-target discriminator), the instrument / sensor imaging characteristics, such as imaging area swath width (FOV), spatial ground resolution (IFOV) and temporal coverage (collection frequency).  Additional information includes the sensor system supporting website URL address, the capability of supporting near-real-time data delivery, and a concluding “notes” section, which highlights some pertinent information on the sensor / instrument.






Table 1. Satellite and Airborne Fire Sensor Systems For Arctic Wildfire Observations.
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a. Orbital Remote Sensing Sensor Assets for Wildfire Observation
Fire properties from orbital and sub-orbital imaging systems can be measured in three ways: instantaneous fire size, instantaneous fire temperature, and fire radiative power (FRP).  Fires produce a stronger signal in the mid-wave infrared (MWIR) bands (around 4 microns) than they do in the long wave IR bands (LWIR; such as 11 microns). That differential response forms the basis for most Fire Detection and Characterization (FDC) algorithms.  A number of the orbital satellite assets contain the characteristic “fire-channels” to allow fire detection / discriminations.  Other orbital assets have spectral characteristics that allow a post-fire burn area assessment or fire intensity assessment to allow determination of burn-affected areas.  The US national-asset orbital, earth-observation satellite systems that have variable utility for active fire observation include the following:
· MODIS (on NASA Aqua and Terra orbital platforms)
· VIIRS (NPP Suomi; NOAA / NASA)
· ALI (EO-1 platform; NASA)
· Landsat 8 (OLI / TIRS; USGS / NASA)
· OLS (DMSP; DoD)
· GOES Imager (NOAA)
· AVHRR (NOAA)
In addition to these systems, there are near-term, planned launches of the following orbital remote sensing assets with potential fire observation capabilities, including:
· Sentinal-3 SLSTR (ESA; Launch in 2014)
· GCOM-C SLGI (JAXA; launch in 2014).
· GOES-R / S Advanced Baseline Imager (NOAA; first launch in 2015)
· HyspIRI (NASA; 2022 tentative launch date)

Most of the satellite observation systems highlighted in this report are in a near-polar orbit configuration, where their observation period and return frequencies vary significantly from “staring” geo-synchronous satellite observation systems.  Conversely, the polar-orbiting systems have the advantage of finer spatial resolution due to their earth-proximal orbit altitudes.  Additionally, with most polar-orbiting satellite systems on a slight (~8-degree) offset from the north pole on their orbit track, their potential for increased observation capabilities on adjacent swath paths is heightened at more northerly latitudes.  This provides for a potentially higher revisit rate for observation of temporal phenomenon, such as arctic or boreal fire events.  These adjacent swath path “overlaps” are particularly pronounced and advantageous for satellite sensor systems with wide swath width profiles, such as MODIS and VIIRS.

For the geo-synchronous satellite systems identified in this document (GOES, GOES-R, SEVIRI, etc), there is minimal observation capabilities for high latitude regions since the platforms are positioned over the equator, and viewing angles for full-disk imaging of the earth are very low in near-polar regions.  This makes those platform observations of fire in the arctic / boreal region of limited value and accuracy.

The following section highlights the various fire imaging capabilities of the aforementioned satellite imaging systems and identifies the capabilities and the access points for fire-related operational products from those systems.

MODIS
The Moderate Resolution Imaging Spectroradiometer (MODIS) instrument is a sensor system onboard the Terra (EOS AM) and Aqua (EOS PM) polar-orbiting satellites that is used operationally by US agencies to identify wildfire occurrences on a daily basis.  The Terra's orbit around the Earth is timed so that it passes from north to south across the equator in the morning, while Aqua passes south to north over the equator in the afternoon. Terra MODIS and Aqua MODIS are viewing the entire Earth's surface every 1 to 2 days, acquiring data in 36 spectral bands, or groups of wavelengths (see MODIS Technical Specifications in Tables 2 and 3).  Due to orbit and swath width of the sensor system, the MODIS sensor(s) can observe the same feature on the ground from 2-4 times per 24-hour period.  Because of the polar-orbit configuration and swath width (2330 km), observation capabilities are increased for far northern (or southern) latitudes, and can afford more frequent observations of fire events during adjacent orbits for arctic regions of the earth.  
Table 2.  MODIS satellite sensor specifications.
	Orbit:
	705 km, 10:30 a.m. descending node (Terra) or 1:30 p.m. ascending node (Aqua) at equator, sun-synchronous, near-polar, circular

	Scan Rate:
	20.3 rpm, cross track

	Swath Dimensions:
	2330 km (cross track) by 10 km (along track at nadir)

	Quantization:
	12 bits

	Spatial Resolution:
	250 m (bands 1-2)
500 m (bands 3-7)
1000 m (bands 8-36)



Table 3. MODIS Spectral Band Configuration.
	Band
	Wavelength(µm)
	Sat. Temp. (K)

	1
	620 - 670
	

	2
	841 - 876
	

	3
	459 - 479
	

	4
	545 - 565
	

	5
	1230 - 1250
	

	6
	1628 - 1652
	

	7
	2105 - 2155
	

	8
	405 - 420
	

	9
	438 - 448
	

	10
	483 - 493
	

	11
	526 - 536
	

	12
	546 - 556
	

	13
	662 - 672
	

	14
	673 - 683
	

	15
	743 - 753
	

	16
	862 - 877
	

	17
	890 - 920
	

	18
	931 - 941
	

	19
	915 - 965
	

	20
	3.660 - 3.840
	0.45(300K)

	21
	3.929 - 3.989
	2.38(335K)

	22
	3.929 - 3.989
	0.67(300K)

	23
	4.020 - 4.080
	0.79(300K)

	24
	4.433 - 4.498
	0.17(250K)

	25
	4.482 - 4.549
	0.59(275K)

	26
	1.360 - 1.390
	6.00

	27
	6.535 - 6.895
	1.16(240K)

	28
	7.175 - 7.475
	2.18(250K)

	29
	8.400 - 8.700
	9.58(300K)

	30
	9.580 - 9.880
	3.69(250K)

	31
	10.780 - 11.280
	9.55(300K)

	32
	11.770 - 12.270
	8.94(300K)

	33
	13.185 - 13.485
	4.52(260K)

	34
	13.485 - 13.785
	3.76(250K)

	35
	13.785 - 14.085
	3.11(240K)

	36
	14.085 - 14.385
	2.08(220K)



Highlighted in the above table are the key Thermal Infrared (TIR) channels which are employed to derive fire / hot spot detections from MODIS data (Channels 21/22 and channel 31).  MODIS fire detection is performed using a contextual algorithm (Giglio et al., 2003) that exploits the strong emission of mid-infrared radiation from fires (Dozier, 1981; Matson and Dozier, 1981).  The algorithm uses brightness temperatures derived from the MODIS 4 µm and 11 µm channels.
Various organizations provide web-based, geospatial wildfire observation maps / data derived from the MODIS sensor system.  The most common service is provided by the USDA-Forest Service, which provides wildfire information for the lower US and Canada (http://activefiremaps.fs.fed.us/).  The other MODIS channels, particularly the Visible and Near-infrared (NIR) channels can be used to derive historical burn scar information, fire intensity information, vegetation regrown following burns and plant health / vigor using various operational spectral channel indices.  Additional information about MODIS can be derived from: http://modis.gsfc.nasa.gov/about/.

VIIRS
The Visible Infrared Imaging Radiometer Suite (VIIRS) aboard the Suomi-NPP satellite is a polar-orbiting system that was launched in October of 2012 and provides a follow-on, improved spatial resolution to MODIS fire detections (http://npp.gsfc.nasa.gov/viirs.html).  The VIIRS is currently in the same orbit as the Aqua satellite (with MODIS aboard), and therefore provides 1-2 observations per 24-hour period of fire occurrences throughout the globe.  The VIIRS data is currently being configured to provide similar operational fire detections and is being served as a daily fire product for the US from the same USFS Fire website indicated above (http://activefiremaps.fs.fed.us/).  VIIRS represents a continuation of high quality active fire monitoring capabilities started with MODIS on the NASA EOS Terra and Aqua satellites, and also a significant improvement of the current capabilities of the Advanced Very High Resolution Radiometer (AVHRR) on the current NOAA operational polar satellites. Initial evaluation, following the activation of the thermal bands on January 18, 2012, has provided empirical evidence of the good quality of the VIIRS fire observations.
VIIRS provides operational and research users with spectral coverage from 412 nm to 12 μm in 22 bands; image data at ~375 m nadir-resolution in 5 bands and moderate resolution (~750 m at nadir) in the TIR channels.  The swath width of VIIRS is 3040 km.  The VIIRS satellite sensor specifications and spectral channels are shown in Table 4.
Table 4. VIIRS Spectral Band Configuration.
	Band
	Wavelength(µm)
	Spatial Res (m)
	Sat. Temp (on Orbit) (K)

	DNB
	0.5 - 0.9
	750
	

	M1
	0.402 - 0.422
	750
	

	M2
	0.436 - 0.454
	750
	

	M3
	0.478 - 0.498
	750
	

	M4
	0.545 - 0.565
	750
	

	M5
	0.662 - 0.682
	750
	

	M6
	0.739 - 0.754
	750
	

	M7
	0.846 - 0.885
	750
	

	M8
	1.230 - 1.250
	750
	

	M9
	1.371 - 1.386
	750
	

	M10
	1.580 - 1.640
	750
	

	M11
	2.225 - 2.275
	750
	

	M12
	3.660 - 3.840
	750
	357°

	M13
	3.973 - 4.128
	750
	362° (High gain)

	M14
	8.400 - 8.700
	750
	352°

	M15
	10.263 - 11.263
	750
	370°

	M16
	11.538 - 12.488
	750
	368°

	I1
	0.600 - 0.680
	375
	

	I2
	0.846 - 0.885
	375
	

	I3
	1.580 - 1.640
	375
	

	I4
	3.550 - 3.930
	375
	357

	I5
	10.500 - 12.400
	375
	377



Highlighted in the above table are the key Thermal Infrared (TIR) channels which are employed to derive fire / hot spot detections from VIIRS data (Channels M13 and M15).  VIIRS fire detection is performed using a contextual algorithm similar to the algorithm used for the MODIS fire detection process, which exploits the strong emission of mid-infrared radiation from fires (Dozier, 1981; Matson and Dozier, 1981).  The algorithm uses brightness temperatures derived from the VIIRS 4 µm (M13) and 11 µm (M15) channels.  Further VIIRS wildfire sensing information can be found at: http://viirsfires.tumblr.com/ or http://npp.gsfc.nasa.gov/viirs.html

ALI
The Advanced Land Imager (ALI) instrument on NASA’s polar-orbiting Earth Observing (EO-1) satellite was used to validate and demonstrate technology for the Landsat Data Continuity Mission (LDCM / Landsat 8). The original EO-1 Mission was successfully completed in November 2001Since the end of the mission, the high interest in continued acquisition of image data from EO-1, allowed continued operations through an agreement between NASA and the USGS as an Extended Mission.  The EO-1 Extended Mission is chartered to collect and distribute ALI multispectral and Hyperion hyperspectral products in response to Data Acquisition Requests (DARs). Under the Extended Mission provisions, image data acquired by EO-1 are archived and distributed by the USGS Center for Earth Resources Observation and Science (EROS) and placed in the public domain.  Because of this configuration, the ALI data cannot readily support near-real-time request acquisitions for fire observations, but can supplement Landsat 8 observations for post-fire assessment for small areas.  The ALI has a small swath width (37x42 km) and a spatial resolution of 10m for the single panchromatic channel, and 30m for the multispectral channels (Table 5).  Because the ALI has a steerable sensor mechanism, the sensor can operate in “pointing-mode”, allowing multiple looks (albeit, off-nadir) for the same feature on adjacent orbit passes.  Further information on the ALI instrument on EO-1 can be found at: http://eo1.usgs.gov/sensors/ali.

Table 5.  ALI Spectral Band Configuration.
	Band
	Wavelength(µm)
	Spatial Res. (m)

	Pan
	0.48 - 0.69
	10

	MS - 1'
	0.433 - 0.453
	30

	MS - 1
	0.45 - 0.515
	30

	MS - 2
	0.525 - 0.605
	30

	MS - 3
	0.63 - 0.69
	30

	MS - 4
	0.775 - 0.805
	30

	MS - 4'
	0.845 - 0.89
	30

	MS - 5'
	1.2 - 1.3
	30

	MS - 5
	1.55 - 1.75
	30

	MS - 7
	2.08 - 2.35
	30



Landsat 8 (OLI / TIRS)
The polar-orbiting Landsat 8 satellite imaging system was launched in February 2013 to replace the aging Landsat 7 and Landsat 5 systems. The Landsat 8 satellite images the entire Earth every 16 days in an 8-day offset from Landsat 7.  Landsat 8 carries two instruments: The Operational Land Imager (OLI) sensor includes refined heritage bands, along with three new bands: a deep blue band for coastal/aerosol studies, a shortwave infrared band for cirrus detection, and a Quality Assessment band. The Thermal Infrared Sensor (TIRS) sensor provides two thermal bands. These sensors both provide improved signal-to-noise (SNR) radiometric performance quantized over a 12-bit dynamic range (Table 6).  The Landsat 8 OLI instrument has a single panchromatic channel at 15m spatial resolution and multispectral bands (eight channels) at 30m spatial resolution.  The two TIRS bands are collected at 100m spatial resolution, but resampled to 30m to match the OLI multispectral bands.  The swath width is the ‘standard” Landsat coverage of 185x185 km.
Table 6. Landsat 8 OLI and TIRS Spectral Band Configuration.
	Band
	Wavelength (µm)
	Spatial Res. (m)

	Band 1
	0.43 - 0.45
	30

	Band 2
	0.45 - 0.51
	30

	Band 3
	0.53 - 0.59
	30

	Band 4
	0.64 - 0.67
	30

	Band 5
	0.85 - 0.88
	30

	Band 6
	1.57 - 1.65
	30

	Band 7
	2.11 - 2.29
	30

	Band 8 - Panchromatic
	0.50 - 0.68
	15

	Band 9
	1.36 - 1.38
	30

	Band 10 (TIRS) 1
	10.60 - 11.19
	100

	Band 11 (TIRS) 2
	11.50 - 12.51
	100



The Landsat 8 TIRS instrument is not readily suitable for direct fire mapping, due to the spectral channels that compose the thermal sensor.  The 2 channels, centered at 10.9 and 12.0 um are not optimum for measuring high temperature sources such as wildfires.  The temperature saturation point for these channels (~360°K) is not sufficient for fire / false detection separation.  The channels can be used to highlight and identify hot spots, but without sufficient temperature discrimination to differentiate other nominally-detected hot spots (false positives).  The 16-day orbit cycle also does not allow for “active fire mapping” from repeat coverage of active fire.  The OLI instrument is useful for post-fire burn assessment and fire severity measurements, although, given the 16-day repeat orbit cycle and the high cloud cover presence in the arctic region, acquiring cloud-free data over burned areas can be problematic.  Further Landsat 8 OLI and TIRS information can be found at: http://landsat.usgs.gov/landsat8.php.

GOES Imager
The Geostationary Satellite system (GOES), operated by the United States National Environmental Satellite, Data, and Information Service (NESDIS), supports weather forecasting, severe storm tracking, and meteorology research. Spacecraft and ground-based elements of the system work together to provide a continuous stream of environmental data  Like many weather satellites, GOES was developed and launched by NASA, but once operational GOES was turned over to NOAA for day-to-day administration. The provision of timely global weather information, including advance warning of developing storms, is the primary function of the GOES. There are four GOES satellites in geostationary position (35,790 km (22,240 statute miles above the earth); two of those satellites (GOES-EAST and GOES-WEST cover the U.S.  GOES-13, also known as GOES-EAST sits above the equator at 75° West Longitude, while GOES-WEST (GOES-15) is in geostationary orbit at the equator and 135° West Longitude.
There are two payload instruments on GOES, the Imager and the Sounder.  The Imager is a multichannel instrument that senses infrared radiant energy and visible reflected solar energy from the Earth's surface and atmosphere. The Sounder provides data for vertical atmospheric temperature and moisture profiles, surface and cloud top temperature, and ozone distribution.  The GOES I-M Imager is a five channel (one visible, four infrared) imaging radiometer designed to sense radiant and solar reflected energy from sampled areas of the earth. The Imager's multispectral channels can simultaneously sweep an 8-kilometer (5 statute mile) north-to-south swath along an east-to-west/west-to-east path, at a rate of 20 degrees (optical) east-west per second. This translates into being able to scan a 3000 by 3000 km (1864 by 1864 miles) "box" centered over the United States.  The spectral band and spatial resolution configuration for the GOES Imager are shown in Table 7.
Table 7.  GOES Imager Sensor Specifications and Spectral Band Configuration.
	Band
	Spatial Res.
	Wavelength (m)

	1 (Visible)
	1 km
	0.55 - 0.75

	2 (MWIR)
	4 km
	3.80 - 4.00

	3 (Moisture)
	8 km
	6.50 - 7.00

	4 (IR 1)
	4 km
	10.20 - 11.20

	5 (IR 2)
	4 km
	11.50 - 12.50



GOES Imager data have been used to highlight wildfires using the band 2 MWIR (3.80-4.00 m) data at 4 km spatial resolution.  Further GOES information is also available at: http://noaasis.noaa.gov/NOAASIS/ml/imager.html.  The NOAA National Environmental Satellite, Data, and Information Service (NESDIS), Office of Satellite and Products Operations (OSPO) produces fire products operationally and serves them at the following website address: http://www.ospo.noaa.gov/Products/land/hms.html.  The 4km GOES fire detection data for the current year are accessible from the NOAA/NESDIS website: http://www.firedetect.noaa.gov/viewer.htm.  The GOES Imager daily wildfire detection data are also served on the web by the USFS, and can be accessed at the following website address: http://activefiremaps.fs.fed.us/current.php?sensor=avhrr&extent=conus.     

AVHRR
The Advanced Very High Resolution Radiometer (AVHRR) is a NOAA polar-orbiting weather satellite system which provides daily coverage of the entire planet at moderate resolution (~1.1 km).  The thermal channel included on AVHRR satellites provides sufficient wildfire detection capabilities with a MWIR (Channel 3B) saturation temperature of 320-331° K. The AVHRR satellite data has an FOV of 3000 km (swath width), and an FOV of 1100m (1.1 km) spatial pixel resolution.  Although the spatial resolution is considered ‘coarse”, small fires can be detected when their emitted energy is sufficient enough to saturate a 1.1km pixel, allowing for events smaller than the FOV to be detected (Table 8).
Table 8.  AVHRR Satellite Sensor Specifications and Spectral Band Configuration.

	Band
	Spatial Res.
	Wavelength (m)

	1
	1.09 km
	0.58 - 0.68

	2
	1.09 km
	0.725 - 1.00

	3A
	1.09 km
	1.58 - 1.64

	3B
	1.09 km
	3.55 - 3.93

	4
	1.09 km
	10.30 - 11.30

	5
	1.09 km
	11.50 - 12.50



The AVHRR Fire Detects from the Fire Identification, Mapping and Monitoring Algorithm (FIMMA) product is an automated algorithm to detect fires from the NOAA polar-orbiting AVHRR satellites. The FIMMA product was originally developed by Dr. I. Csiszar while he was a member of the Cooperative Institute for Research in the Atmosphere, working at the NOAA/NESDIS Office of Research and Applications (ORA) in Camp Springs, Maryland. The latest version of FIMMA uses geo-corrected High Resolution Picture Transmission (HRPT) AVHRR data over the US (including Alaska and Hawaii) received from the NOAA/NESDIS CoastWatch group and uses the SeaSpace Terascan software to correct for known AVHRR navigation errors.  The FIMMA product is running in operational mode within the Satellite Services Division (SSD). Products are currently being made from available NOAA-15 (~7:30 am and pm, local time), NOAA-16 (~1:30 am, local time) and NOAA-17 (~10:30 am and pm, local time) passes, which have 3.7 micron (MWIR) measurement capabilities. The orbital data are available near-real-time, typically 3-6 hours after satellite overpass.  The AVHRR fire product is generated by an automated algorithm and is placed on the web page as soon as available.  The FIMMA algorithm uses AVHRR channels 2 (.9 micron), 3b (3.7 micron), 4 (10.8 micron) and 5 (12 micron).

The AVHRR daily wildfire detection data are also served on the web by the USFS, and can be accessed at the following URL: http://activefiremaps.fs.fed.us/current.php?sensor=avhrr&extent=conus.  AVHRR and GOES fire detection data are not provided for download by the USFS Active Fire Mapping Program. The 1km AVHRR fire detection data for the current year are accessible from NOAA/NESDIS website: http://www.firedetect.noaa.gov/viewer.htm

SEVIRI
The European Organization for the Exploration of Meteorological Satellites (EUMETSAT) Meteosat satellite is in geostationary orbit 36,000 km above the equator, the Meteosat satellites — Meteosat-7, -8, -9 and -10 — operate over Europe and Africa. Meteosat-10 (launched from the Guiana Space Centre in Kourou in 2012) is the prime operational geostationary satellite, positioned at 0 degrees longitude and providing full disc imagery every 15 minutes. Meteosat-9 (launched on 2005) provides the Rapid Scanning Service, delivering more frequent images every five minutes over parts of Europe, Africa and adjacent seas.
Meteosat-8 (launched in 2002) serves as a back up to both spacecraft. Meteosat-7 (launched in 1997) is the last of the first generation of Meteosat satellites and operates over the Indian Ocean, filling a data gap over the region until it is de-orbited in 2017.  

The MSG satellites carry a pair of instruments — the Spinning Enhanced Visible and InfraRed Imager (SEVIRI), which observes the Earth in 12 spectral channels and the Geostationary Earth Radiation Budget (GERB) instrument, a visible-infrared radiometer for Earth radiation budget studies. The satellites continually return detailed imagery of Europe, the North Atlantic and Africa every 15 minutes, for operational use by meteorologists.  The SEVERI instrument is the most useful for fire detection, although it is of limited utility for high latitude fire discrimination to its geo-synchronous orbit location (over the equator), with high limb-look angles for near-polar regions.  The image repeat cycle for SEVIRI is every 15-mintes and the spatial resolution varies by spectral band as is shown in Table 9.

Table 9. METEOSAT SEVIRI Sensor Specification and Spectral Band Configuration.

	Band
	Spatial Res. (km)
	Wavelength (µm)

	HRV
	1 km
	Broadband (peak within 0.6 – 0.9)

	VIS 0.6
	3.0 km
	0.56 – 0.71

	VIS 0.8
	“
	0.74 – 0.88

	IR 1.6
	“
	1.50 – 1.78

	IR 3.9
	“
	3.48 – 4.36

	IR 8.7
	“
	8.30 – 9.10

	IR 10.8
	“
	9.80 – 11.80

	IR 12.0
	“
	11.00 – 13.00

	IR 6.2
	“
	5.35 – 7.15

	IR 7.3
	“
	6.85 – 7.85

	IR 9.7
	“
	9.38 – 9.94

	IR 13.4
	“
	12.40 – 14.40



Information on the METEOSAT SEVIRI fire detection capabilities and data is provided at: http://ocean.space.noa.gr/seviri/fend_new/, where current detections as well as archival data are available in a web map server framework. Other fire related SEVIRI information (Fire FRP) is available at: http://badc.nerc.ac.uk/view/neodc.nerc.ac.uk__ATOM__DE_df857e66-1d71-11df-bc75-00e081470264.

SENTINAL-3 SLSTR
The European Space Agency’s (ESA) Sentinel-3 polar-orbiting mission's main objective is to measure sea-surface topography, sea- and land-surface temperature and ocean- and land-surface color with high-end accuracy and reliability in support of ocean forecasting systems, and for environmental and climate monitoring.  Sentinel-3 builds directly on the ERS-2 and Envisat heritage. The instrument package includes the Sea and Land Surface Temperature Radiometer (SLSTR), which is based on Envisat's Advanced Along Track Scanning Radiometer (AATSR), to determine global sea-surface temperatures to an accuracy of better than 0.3 K.  The SLSTR improves the along-track-scanning dual-view technique of AATSR and provides advanced atmospheric correction. The SLSTR has a swath width in the nadir view of >1400 km, and in the oblique view of >740 km.  With one satellite in orbit, the global coverage revisit time for the polar-orbiter is 1.9 days, while a revisit time of 0.9 days is expected for a two-satellite system (when launched / operational), and up to a 0.5 day revisit time for a two satellite, nadir view revisit time.  The SLSTR spatial resolution is expected to be 0.5 km (500m) for the visible and SWIR bands, and 1.0 km (1000m) for the MWIR and LWIR fire channels.  SLSTR will measure in nine spectral channels and two additional bands optimized for fire monitoring (duplicated spectral range with increased fire temperature measurement saturation capabilities). The SLSTR has a spatial resolution in the visible and shortwave infrared channels of 500 m, and 1 km in the thermal infrared channels.  A pair of Sentinal-3 satellites will enable short revisit times of less than one day for the SLSTR at the equator.

Table 10. Sentinal-3 SLSTR Sensor Specification and Spectral Band Configuration.
	Band
	Spatial Res. (km)
	Wavelength (µm)

	1 (VIS)
	0.5
	0.55 (center)

	2 (VIS)
	“
	0.659

	3 (IR)
	“
	0.865

	4 (SWIR)
	“
	1.375

	5 (SWIR
	“
	1.61

	6 (SWIR)
	“
	2.25

	7 (MWIR)
	1.0
	3.74

	8 (LWIR)
	1.0
	10.85

	9 (LWIR)
	1.0
	12.0



The key fire detection channels that will be employed for the algorithm are highlighted in red in the table above.  The ESA plans to implement a fire detection algorithm for the SLSTR data and provide near-real-time fire locations to the community following launch and sensor shake-down operations.  The fire characterization for the Sentinal-3 SLSTR can be found at: https://sentinel.esa.int/web/sentinel/sentinel-3-slstr-wiki/-/wiki/Sentinel+Three+SLSTR/Fire+characterisation.
The first Sentinal-3 satellite is expected to be launched in the 2014 / 2015 timeframe, followed by the second satellite shortly thereafter.  Further Sentinal-3 information can be found at: http://www.esa.int/Our_Activities/Observing_the_Earth/Copernicus/Sentinel-3.

GCOM-C SLGI
The Japan Aerospace Exploration Agency (JAXA) Global Change Observation Mission (GCOM) project consists of two satellites; the GCOM-C will carry the Second Generation Global Imager (SGLI).  The SGLI on GCOM-C1 is an optical sensor capable of 19-channel observation at wavelengths from near-UV to thermal infrared wavelengths (380nm to 12µm).  SGLI also has polarimetry and forward / backward observation functions at red and near infrared wavelengths. SGLI obtains global observation data once every 2 or 3 days, with resolutions of 250m to 1km, with a nominal swath width of 1150-1400 km (Table 11).

Table 11. The JAXA GCOM-C SLGI Sensor Specification and Spectral Band Configuration.

	Band
	Spatial Res. (km)
	Wavelength (µm)
Center

	VN1
	250
	0.380

	VN2
	“
	0.412

	VN3
	“
	0.443

	VN4
	“
	0.490

	VN5
	“
	0.530

	VN6
	“
	0.565

	VN7
	“
	0.6735

	VN8
	“
	0.6735

	VN9
	1000
	0.763

	VN10
	250
	0.8685

	VN11
	250
	0.8685

	P1 (Polarized Channel)
	1000
	0.6735

	P2 (Polarized Channel)
	“
	0.8685

	SW1
	“
	1.050

	SW2
	“
	1.380

	SW3
	250
	1.630

	SW4
	1000
	2.210

	T1 (TIR)
	500
	10.8

	T2 (TIR)
	500
	12.0



The JAXA GCOM-C SLGI sensor does not contain a necessary MWIR channel (~4.0 m) to allow discrete fire observations, although the TIR channels, particularly the T1 (10.8 m) channel may prove beneficial if the temperature saturation point is configured to allow higher temperature discrimination.  A proposition has been made to develop a fire detection algorithm using the SLGI by Miura and Moriyama (2010).

Further information on the GCOM-C SGLI satellite platform / sensor can be found at: http://www.jaxa.jp/projects/sat/gcom_c/index_e.html.


GOES-R / S Advanced Baseline Imager (ABI)
The Geostationary Operational Environmental Satellite - R Series (GOES-R) is the next generation of National Oceanic and Atmospheric Administration (NOAA) geostationary Earth-
observing systems planned for launch in early 2016. The Advanced Baseline Imager (ABI), a sixteen channel imager with two visible channels, four near-infrared channels, and ten infrared channels, will provide three times more spectral information, four times the spatial resolution, and more than five times faster temporal coverage than the current system (Tables 12 and 13). Other advancements over current GOES capabilities include total lightning detection (in-cloud and cloud-to-ground flashes) and mapping from the Geostationary Lightning Mapper (GLM), and increased dynamic range, resolution, and sensitivity.  This should enable enhanced, early fire detection (on 5-minute interval data collection) and improved detection through increased spatial resolution. 

Table 12. The GOES-R ABI Planned Configuration.
	Spectral Coverage:
	16 bands

	Spatial Resolution:
	

		0.64 µm Visible (band 2)

	Other visible/near-IR bands

	Bands (>2.0 µm) 



		0.5 km

	1.0 km

	2 km




	Spatial Coverage:
	

		Full Disk

	CONUS

	Mesoscale



		4 per hour

	12 per hour

	Every 30 sec






Table 13. GOES-R ABI Planned Spectral Band Configuration.
	GOES-R ABI Band
	Spatial Res. (km)
	Wavelength (m)

	1
	1
	0.45 - 0.49

	2
	0.5
	0.59 - 0.69

	3
	1
	0.846 - 0.885

	4
	2
	1.371 – 1.386

	5
	1
	1.58-1.64

	6
	2
	2.225 – 2.275

	7
	2
	3.8 - 4.0

	8
	2
	5.77 – 6.6

	9
	2
	6.75 – 7.15

	10
	2
	7.24 – 7.44

	11
	2
	8.3 – 8.7

	12
	2
	9.42 – 9.8

	13
	2
	10.1 – 10.6

	14
	2
	10.8 – 11.6

	15
	2
	11.8 – 12.8

	16
	2
	13.0 - 13.6



The GOES-R ABI will be capable of detecting heat signature with improved time and space resolution, including smaller fires, compared to the current GOES Imager. GOES-R will represent a step forward in the ability of the hazards and air quality monitoring communities to detect 
fires and their properties.  The algorithm used for GOES-R data was taken into account when creating the specifications of the 3.9 micron band on ABI (band 7; highlighted in red), allowing GOES-R to exceed the Fire Detection and Characterization (FDC) performance seen with current GOES satellites.  The FDC algorithm is a contextual algorithm that looks for hot spots, attempts to determine the background temperature without fire present, corrects for solar contamination and water vapor attenuation, and in cases where confidence is high, provides fire characteristics for the detected fires.  The algorithm screens out surfaces that are not usable, such as water, tundra, deserts, and sparsely vegetated mountains. Such surfaces either do not see fires or are prone to false alarms due to extreme daytime heating. Regions where solar reflection is an issue are screened out based on the viewing geometry. The algorithm also screens out clouds that are opaque for ~4 micron radiation. This is different than a typical cloud mask since fires are often detected through thin clouds such as cirrus or stratus decks..  Further information on the GOES-R system and fire detection capabilities can be found at: http://www.ssd.noaa.gov/PS/FIRE/Layers/ABBA/abba.html and http://cimss.ssec.wisc.edu/goes/burn/wfabba.

[bookmark: _GoBack]HyspIRI



b. Sub-Orbital (Airborne) Remote Sensing Sensor Assets for Wildfire Observation
Selected US agencies operate sub-orbital (airborne) earth-observation sensor systems with capabilities for wildfire observations.  The airborne sensor systems that have utility for active fire observation include the following:
· AMS (USFS / NASA)
· MASTER (NASA)
· eMAS (NASA)
· AVIRIS (NASA)
· PHOENIX (USFS)
· WAI (NASA SBIR / USFS)
· TMAS (NASA SBIR / USFS; in development, scheduled for 2016 operations)

Each of these systems is identified in the following section.

AMS




MASTER



eMAS




AVIRIS




PHOENIX




WAI




TMAS


IV. FIRE AND SMOKE RELATED WEB LINKS
Operational fire monitoring web links are provided by a number of US agencies including the USDA-Forest Service, NOAA and USGS.  The following links provide access to the various satellite data fire services provided by those organizations.
Table X.  Operational, satellite-derived, wildfire-related data web-links.
	Fire 
NIFC Fire Information
NIFC Large Fire Incident Map
Canadian Wildfire Map
SPC Fire Weather Forecast
GEOMAC Wildfire Viewer
Alaskan Fire GIS display
Alaska Interagency Coordination Center
MODIS Rapid Response
WFABBA at CIMSS
INCIWEB
	Air Quality 
NWS Air Quality Forecast Guidance
The Smog Blog
Kilauea Volcano Daily Status Report
OMI SO2
NASA data portal
NRL Aerosol page
NRL Aerosol links
NOAA Earth System Research Lab
RAMSDIS G-11 Blowing Dust Product
CIMSS Saharan Dust Graphic
http://www.ijis.iarc.uaf.edu/cgi-bin/fire-monitor.cgi?lang=e



V. TERMINOLOGY / ACRONYM LIST
ABI: Advanced baseline Imager; aboard the National Oceanic and Atmospheric Administration (NOAA) geostationary Earth-observing Geostationary Operational Environmental Satellite - R Series (GOES-R) planned for launch in early 2016.

ALI: Advanced Land Imager; Flown on EO-1 as an instrument design testbed for the planned OLI on Landsat 8; Does not have a MWIR "fire" band, but can be used for fire assessment or post-fire assessment; Real-time data can be acquired through arrangement with NASA (GSFC).
AMS: Autonomous Modular Sensor (NASA airborne imaging instrument, on loan to USFS for operations by USFS).								
AVIRIS: Airborne Visible / Infrared Imaging Spectrometer (NASA airborne imaging instrument.  No thermal channels, but hyperspectral capabilities from VIS through mid-wave IR (2.5 um).
Deliver R/T Data (real-time): This applies primarily to airborne data, where data on fire parameters or imagery is available immediately upon collection from platform.
eMAS: Enhanced MODIS Airborne Simulator (NASA airborne imaging instrument)	
FOV: Field of View; expressed as angular (swath width) viewing geometry, which defines areal coverage. Dependent on platform altitude for coverage swath width.
GCOM-C SLGI: Japan Aerospace Exploration Agency (JAXA) Global Change Observation Mission (GCOM) satellite with the Second Generation Global Imager (SGLI) sensor.

IFOV: Instantaneous Field of View; expressed in milliradians, and defines spatial resolution of sensor system; Dependent on platform altitude for spatial (pixel) resolution.

MODIS:  Moderate Resolution Imaging Spectroradiometer; hyperspectral orbiting sensor (on Aqua and Terra platforms), allowing large area coverage (2330 kilometers swath width) but at 1km pixel resolution discrimination. Multiple observations / day with each platform.
MWIR: Mid-Wave Infrared; spectral wavelength region where fire temperature discrimination is maximized (generally centered at wavelength region around 4.0 um).
NRT: Near-Real-Time from acquisition and through ordering process…not "on-demand".
OLI: Operational Land Imager, multispectral scanner system operating on Landsat 8; No MWIR "fire" channel.								
OLS: Operational Linescan System on the DMSP satellte. Multiple looks per day at earth surface; fire detection possible; no operational fire observations.
SENTINAL-3 SLSTR: European Space Agency’s (ESA) Sentinel-3 polar-orbiting mission's Sea and Land Surface Temperature Radiometer (SLSTR) sensor.
TIRS: Thermal Infrared Sensor; Two channel LWIR sensor operating on Landsat 8; 120m spatial resolution, can be used for rudimentary fire detection.
VIIRS: Visible Infrared Imaging Radiometer Suite (VIIRS); multispectral weather satellite with a MWIR "fire" band (M13 (4.05 µm), higher spatial resolution than MODIS (750m vs. 1000m), slightly higher temp saturation point (380°K vs. 334°K.									
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INSTRUMENT RESPONSIBLE AGENCY SYSTEM VIABLE MWIR CHANNELS

SATURATION 

TEMPERATURE 

FOV

IFOV 

(mrad)

COLLECTION 

FREQUENCY

WEBSITE Deliver R/T Data NOTES

AMS  USFS, on loan from NASA Airborne

Band 11 (3.60 - 3.79 µm) 628K (355 C°) 86 deg 1.25 / 2.5 

variable / 

operational by USFS

http://nirops.fs.fed.us/ams Yes Operates on USFS aircraft (2013)

MASTER (NASA)

Band 30 (3.7 µm) 568K (295 +/- 10 C°) 86 deg 2.5

" NASA Airborne

Band 26 (4.0 µm) Low Gain 640K (367C°) " "

"

Band 32 (4.0µm) High Gain 560K (290 C°) " "

eMAS (NASA) Airborne

M1 (3.637 - 3.655 µm) ?? 86 deg 2.5 same as MASTER http://mas.arc.nasa.gov/index.html Yes, with mods

NASA research instrument, not operational; can 

be ordered for scientifc collection missions. 

AVIRIS (NASA) Airborne

None N/A 34 deg 1.00 same as MASTER http://aviris.jpl.nasa.gov/index.html N/A

AVIRIS contain hyperspectral data (224 bands)  

can be used for post-fire vegation analysis

WAI (NASA SBIR; XIOMAS, LLC) NASA-Ames Research Center Airborne

(4.4 - 5.4 µm)

Temperature threshold has not 

been measured

90 deg. 0.33

to be operational 

with USFS in 2014

Possible

Ijuly 2013, in fire imaging testing for USFS on 

aircraft.

MODIS (NASA) NASA Satellite

Band 21 (3.929 - 3.989µm) 335K (61.85 C°) 2330 km 1000m spatial

2-4 times a day over 

globe

http://modis.gsfc.nasa.gov/about/

R/T Fire info at: 

http://activefiremaps.fs.fed.us/

Operates on two platforms (AQUA and TERRA), 

allowing multiple collections per day

VIIRS NOAA / NASA / DoD Satellite

Band M13 (4.05 µm) 380K (107 C°) (High Gain) 3040 km ~750m spatial 2 times daily http://viirsfire.geog.umd.edu/index.html

R/T Fire info at: 

http://activefiremaps.fs.fed.us/

Operational fire product delivered to USFS; DR 

version based on MODIS C6 delivered to USFS

ALI NASA / USGS Satellite None N/A 37km x 42km

10m Pan; 30m 

multispectral

16-day, but more 

frequent with 

multiple look 

angles

http://eo1.usgs.gov/sensors/ali Yes, underr equest

ALI: Advanced Land Imager; Flies on EO-1 

Satellite; testbed / sensor technology 

demonstrator for LDCM (Landsat 8); Has 

"pointing-mode" for frequent revisit coverage

Landsat 8 (OLI  / TIRS) NASA / USGS Satellite

None; though TIR at: 10.9 & 12.0 

microns can serve fire data

N/A; 360K in TIRS 185km

15m Pan; 30m 

multispectral; 

120m TIR

16-days

http://www.nasa.gov/content/landsat-8-

instruments/#.UfBQJm3lc5c

NRT from acquisition

Instruments that compose the Landsat 8 

satellite system; ALI: Operational Land Imager; 

TIRS: Thermal Infrared Sensor

OLS (DMSP)

DoD / A.F. Space and Missle System 

Center

Satellite

None (has LWIR Band) 310K in LWIR 3000km 560m-1.1km

2-4 times daily 

coverage

http://ngdc.noaa.gov/eog/dmsp.html Special acquisitions / permissions

"Night lights" satellite imaging system, capable 

of fire imaging

GOES Imager NOAA Satellite

Band 2  (4µm) 337 K in MIR Full disk 4km

Every 15 minutes 

(7.5 minutes in 

rapid scan mode)

http://noaasis.noaa.gov/NOAASIS/ml/imager.html Yes

Polar imagery, well off-nadir, and minimally 

useful

AVHRR NOAA Satellite

3B  (4µm) 320 - 331 K in MIR 3000km 1100m Up to 10 times dailyhttp://noaasis.noaa.gov/NOAASIS/ml/avhrr.html Yes, direct broadcast capable Next launch on MetOp-C (2017)

HyspIRI (planned 2022 launch) NASA Satellite

H1 (4µm) 400 K in LWIR; 1200 - 1400 K in MIR 600km 60m 5 days http://hyspiri.jpl.nasa.gov Yes, direct broadcast capable Launch 2022?

GOES R/S Advanced Baseline Imager NOAA Satellite Band 7  (4µm) 400 K in MIR Full disk 2km

Up to 12 times 

hourly

http://www.goes-r.gov/spacesegment/abi.html Yes First launch in 2015

Sentinel-3 SLSTR ESA Satellite F1 (4µm) ? 1400km 1km 2 days http://www.esa.int/Our_Activities/Observing_the_Earth/Copernicus/Sentinel-3 ? Launch in 2014

GCOM-C SLGI JAXA Satellite

None; though TIR at 10.8 µm can 

serve fire detection data

? 1150km 500m 2 days http://www.jaxa.jp/projects/sat/gcom_c/index_e.html Yes First launch in 2014

http://airbornescience.nasa.gov/instrum

ent/MASTER

NASA research instrument, not operational; can 

be ordered for scientifc collection missions. 

Operates on NASA ER-2 and other platforms.

requested through 

NASA Airborne 

Science Program 

office

Possible (with mods)
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As part of the IARPC WIT, a key element for informing the arctic research community 


on the 
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Identify existing knowledge and quality of data on wildfire frequency, extent, and 
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es in wildfire frequency, extent, and severity in the Arctic.” 
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