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Section on online mapping systems
1. Introduction
Making satellite-derived data available in easily accessible formats is part of a growing trend among satellite data providers to make “analysis ready data”; the rationale is that the providers handle more of the data preparation work typically done by end users. Active fire detections have been available in relatively easy to use data formats for over 15 years and this has led to a widespread use of the data for a range of applications, including strategic fire management, improved understanding of fire regimes, conservation, detecting illegal logging and/or poaching within protected areas, monitoring air pollution and detecting volcanic activity.
As applications that use active fire data have matured, users have articulated their requirements which in turn has led to more customized online mapping systems and mobile applications. For some users visualizing the data on a map is sufficient, others want to download data for their own analysis but increasingly there is a move to provide all the contextual information in a single application which also provides the user with the option of downloading data or imagery.
As part of this paper we reviewed 25 online fire mapping systems (summarized in table 1); in addition to online maps, some of these systems also distribute active fire data through fire alerts, mobile apps and as data downloads.  Online fire mapping systems can be considered in three groups: direct providers, who process and distribute the active fire data; brokers, who take active fire data from a direct provider and add value by customizing the system to serve a specific user group; and thirdly, providers that are both direct providers and brokers. The latter process ‘local’ data using a Direct Readout (DR) system but they also acquire data processed by others to provide broader geographic coverage. The way in which data are acquired and presented is discussed further the next section. This is followed by a brief description of three online fire mapping systems; two global: NASA’s Fire Information for Resource Management System (FIRMS) - a direct provider, and the Advanced Fire Information System (AFIS), which serves data as a direct provider and a broker; and one regional: Instituto Nacional de Pesquisas Espacias (INPE) Fire Monitoring Program.
Table1: Online fire mapping systems	Comment by Diane Davies: These tables can be better formatted. They come from the information in the google sheet: https://docs.google.com/spreadsheets/d/1nvHvsxxmfCDEvKLITy_-0hbZ9c5hsC0xswJgz3LfciA/edit?usp=sharing 


	Global Systems
	
	
	

	Name of system
	
	Organization
	URL / landing page
	Geographic coverage
	Instruments
	Data latency

	AFIS
	Advanced Fire Information System
	CSIR
	https://dashboard.afis.co.za/
	global
	MODIS, VIIRS, MSG
	25 min

	FIRMS
	Fire Information for Resource Management System
	NASA LANCE
	https://firms.modaps.eosdis.nasa.gov
	global
	MODIS, VIIRS
	3 hours 

	GWIS
	Global Wildfire Information System
	JRC
	http://gwis.jrc.ec.europa.eu/
	global
	MODIS, VIIRS
	3 hours

	Worldview
	NASA EOSDIS Worldview 
	NASA EOSDIS
	https://go.nasa.gov/2IeXAYA
	global
	MODIS, VIIRS
	3-4 hours

	VIIRS Active Fire Global Map
	VIIRS Active Fire Global Map
	University of Maryland
	http://viirsfire.geog.umd.edu/map/viirsMap.php
	Global
	VIIRS
	24 hours???

	RealEarth
	SSEC/Google
	University of Wisconsin-Madison
	http://realearth.ssec.wisc.edu/
	
	Himawari-8, MODIS, VIIRS, GOES
	50 minutes

	Regional Systems
	
	
	

	ASMC
	ASEAN Specialized Meteorological Center
	ASEAN Specialized Meteorological Center
	http://asmc.asean.org/asmc-hotspot
	ASEAN
	NOAA-19
	?? don't see any data

	Bhuvan
	Indian Geo-platform of ISRO 
	NRSC, India
	http://bhuvan-noeda.nrsc.gov.in/disaster/disaster/disaster.php?id=fire
	India
	MODIS, VIIRS
	3-4 hours

	CLASS
	Comprehensive Large Array-Data Stewardship system
	NOAA
	http://www.class.noaa.gov
	North & South America and surrounding oceans
	GOES -16
	<1 day

	CWFIS-FM3
	Canadian Wildland Fire Information System
	Natural Resources Canada
	http://cwfis.cfs.nrcan.gc.ca/home
	Canada
	MODIS, VIIRS, AVHRR
	3-4 hours

	EFFIS
	The European Forest Fire Information System
	European Comission, Joint Research Centre
	http://effis.jrc.ec.europa.eu/
	Europe
	MODIS, VIIRS
	3-4 hours

	FIRECAST
	Firecast
	Conservation International
	http://firecast.conservation.org/
	Amazon, Madagascar, Suriname, Indonesia
	MODIS, VIIRS
	24 hours

	Fire Watch
	Landgate
	Western Australian Land Information Authority (Landgate).
	https://sentinel.ga.gov.au/#/
	Australia
	AVHRR, MODIS, VIIRS
	25 min

	GeoMac
	GeoMac Wildland Fire Support
	USGS
	https://www.geomac.gov/viewer/viewer.shtml
	USA
	MODIS, VIIRS, data from HMS
	< 3 hours

	Global Forest Watch
	World Resources Institute
	World Resources Institute
	https://fires.globalforestwatch.org/map/
	SE Asia (NOAA-19) Global
	MODIS, VIIRS, NOAA-18
	3-4 hours

	HMS
	Hazard Mapping System (Fire and Smoke Product)
	NOAA/NESDIS Satellite Analysis Branch (SAB)
	http://www.ospo.noaa.gov/Products/land/hms.html
	North America (year round), Central America (part of year)
	GOES-West
	<6 hours analsyis, <15 mins WFABBA data, approx 4 days for text analysis archive

	SAF FRP
	MSG SEVERI SAF FRP-PIXEL
	Kings College London
	http://wildfire.geog.kcl.ac.uk/firemap/
	
	MSG SEVIRI
	??

	Nepal Forest Fire
	Forest Fire Detection and Monitoring System in Nepal
	ICIMOD
	http://geoapps.icimod.org/NepalForestFire/#
	Nepal
	MODIS, VIIRS
	3-4 hours?

	Queimadas
	Instituto Nacional de Pesquisas Espacias
	INPE, Brazil
	http://www.inp.br/queimadas
	South America
	AVHRR, MODIS, VIIRS, GOES, 
	25 min

	RSAC
	Active Fire Mapping System
	USFS RSAC
	https://fsapps.nwcg.gov/
	USA / Canada
	AVHRR, GOES, MODIS, VIIRS
	25 min

	Sentinel
	Sentinel hotspots
	Geoscience Australia
	http://srss.landgate.wa.gov.au/fire.php
	Australia
	Himawari-8, MODIS, VIIRS
	25 min

	Sistema de Alerta de Incendios
	Sistema de Alerta de Incendios
	CONABIO, Mexico
	http://incendios.conabio.gob.mx/
	Mexico
	MODIS, VIIRS
	25 mins?/

	VIIRS Nightfire
	VIIRS Nightfire: Nighttime Detection and Characterization of Combustion Sources
	NOAA National Centers for Environmental Information
	https://www.ngdc.noaa.gov/eog/viirs/download_viirs_fire.html
	Global
	VIIRS
	3-4 hours

	VIIRS Active Fire Global Map
	VIIRS Active Fire Global Map
	University of Maryland
	http://viirsfire.geog.umd.edu/map/viirsMap.php
	Global
	VIIRS
	24 hours???

	WFABBA
	WildFire Automated Biomass Burning Algorithm
	SSEC University of Wisconsin-Madison
	http://wfabba.ssec.wisc.edu/
	North & South America
	GOES-West(-15), GOES-East(-13), MET-10, CMOS, MTSAT, MODIS, VIIRS
	

	P-Tree System
	P-Tree
	Japan Aerospace Exploration Agency
	http://www.eorc.jaxa.jp/ptree/
	Most of Asia Pacific
	Himawari-8
	10-15 minutes



2. Caveats to consider when obtaining data from online mapping systems
As seen in table 1, a range of global and regional fire mapping systems exist online. When deciding which system is most appropriate the user should consider what data are available, the latency (time from satellite overpass until it is available to the end user) and how the data can be viewed and queried.  In this section we look at some of the caveats users might want to consider when deciding which online mapping system best meets their needs. 
2.1. What data are available
Table 2 summarizes the main instruments used for fire monitoring and features that users might want to consider, including the spatial resolution of an active fire detection which will in turn influence the level of detail that can be mapped; geographic coverage and whether the instrument is aboard a geostationary or polar orbiting satellite (see section 2.2). 
Table 2 Summarizing Instruments used for the active fire /FRP products:
	Instrument
	Spatial resolution of active fire data
	Geographic coverage
	Satellite
	Satellite / Agency

	MODIS
	1km
	Global 
	Polar orbiting
	Terra, Aqua / NASA

	GOES-E 
(GOES-16)
	2km
	75.2 Degrees W: North and South America
	Geostationary
	NOAA

	GOES-W
(GOES-15)
	4km
	135 Degrees W:
Pacific Ocean, Hawaii, North and South America
	Geostationary
	NOAA

	Himawari-8 & 9
	2km
	140.7 Degrees E: East Asia, Australia, Pacific Ocean
	Geostationary
	Advanced Himawari Imager (AHI), JAXA and JMA

	Meteosat-11
	3km
	0 Degrees: Europe, Africa
	Geostationary
	Eumetsat

	VIIRS (375m)
	375m, 750m 
	Global 
	Polar orbiting
	S-NPP, J-S1 / NASA/NOAA

	NOAA – 15, 18, 19
	1km
	Global 
	Polar orbiting
	NOAA



2.2. Latency and temporal resolution 
Temporal resolution is often described as the repeat overpass time. Geostationary satellites are always in the same position with respect to the rotating Earth. By orbiting at the same rate, in the same direction as the Earth, the satellite appears stationary and provides frequent measurements because of the constant view of the same surface area. Since these satellites cover only one area on the Earth, several satellites are needed to cover the entire Earth.  Meteosat-11 (fourth in the Meteosat Second Generation series), GOES-16 (aka GOES-East, first in the GOES-R series), and GOES-15 (aka GOES-West, last in the GOES-I through P series), Himawari-8 and 9 are some of the currently operational geostationary satellites. Active fire detections from geostationary satellites are more frequent (as frequently as every 5 minutes) but the resolution is coarser than achieved with polar orbiting satellites.
Polar orbiting satellites move around the Earth from pole to pole and provide a more global view of Earth.  As the satellites are orbiting, the Earth turns underneath it, allowing complete coverage of the Earth over one or more days (depending on the instrument). In a sun-synchronous orbit, the satellite passes the equator and each latitude at the same local solar time each day, meaning the satellite passes overhead at essentially the same solar time throughout all seasons of the year. This enables regular data collection at consistent times as well as long-term comparisons.  MODIS on Terra and Aqua, VIIRS on S-NPP/NOAA-20 and AVHRR on NOAA-18 are examples of instruments aboard sun-synchronous polar orbiting satellites that are used to detect fires.  Table 3 summarizes overpass times at the equator. 
	Polar Orbiting Instrument
	Global coverage and Approximate Overpass time at the Equator

	MODIS
	Global coverage every between both Terra Aqua. At the Equator MODIS overpass is at approx. 10AM and again at 10 PM for MODIS / Terra, and 2PM and 2AM for MODIS/Aqua

	VIIRS
	Global coverage every day. 
VIIRS / SNPP overpass is at approx. 2PM and 2AM 

	NOAA
	Global coverage every 2 days.  At the Equator crossing times vary, for NOAA-18 it is approximately 2PM and 2AM.


Table 3: Overpass times at the Equator for Polar Orbiting Instruments
For instruments onboard polar orbiting satellites, latency can best be minimized by Direct Readout (DR); downloading data transmitted directly from the satellite to the ground. DR data can be downloaded by anyone with ground receiving equipment in direct line of sight to the satellite while the satellite signal is ‘visible’. The geographic coverage for DR is therefore limited to the line of sight but active fire data can be processed more quickly as there is no wait for the downlink; data from MODIS and VIIRS are usually processed within 30 minutes. Users should note that algorithms may differ between DR stations. Until recently DR coverage has been limited, and consistent global processing has demanded a different approach. NASA uses contact stations and the Tracking and Data Relay Satellite System (TDRSS) to downlink data from the satellite, and process them using a global algorithm; near real-time active fire data from MODIS and VIIRS data are processed within 3 hours by NASA LANCE/FIRMS. Near real-time data are different from NASA’s higher-level “standard” data products which are an internally consistent, well-calibrated record of the Earth’s geophysical properties to support science. If latency is not a primary concern, users are encouraged to use the standard science products, which are created using the best available calibration and ephemeris information
2.3. Algorithms
There may be a trade-off between regional and global algorithms. To avoid errors of commission, global algorithms may not detect smaller/cooler fires. In some areas regional algorithms may capture more fires. 
2.4. Target Audience
Many online mapping systems are set up to target specific users for example, Conservation International initially set up a fire monitoring system to target conservation partners in Bolivia, Madagascar and Peru; in South Africa the AFIS system started as a service to support South Africa’s power company Eskom to monitor fires close to electrical transmission lines. The ability to overlay related geospatial layers can greatly enhance decision making. Such layers are often application specific but more general layers include: fire risk, burned areas, land cover, co-incident imagery showing cloud cover / missing data.
To help provide more insight, online maps might enable users view fires over customized date ranges; distinguish between day and night time fires, color code fires by Fire Radiative Power (FRP) / confidence level, query attributes of a specific fire, and produce fire statistics. Many of the online mapping systems have additional features such as fire alerts, and mobile apps. 
3. Examples of Online Fire Mapping Systems
3.1. Fire Information for Resource Management System 
NASA’s Fire Information for Resource Management System (FIRMS) is part of NASA’s EOSDIS Land Atmosphere Near real-time Capability for EOS (LANCE) system which expedites processing and delivers data to users within 3 hours of satellite observation. FIRMS provides users with global MODIS and VIIRS-derived hotspot/active fire locations in near real-time, as well as making the full archive of standard data available. Data are provided through FIRMS as fire alerts, as shape / text and KML files and an online map (fig 1) that enables users to query the attributes of the fire locations, visualize FRP, confidence values and co-incident imagery from MODIS and VIIRS. 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 et al. 2009). An overview of the system can be found in figure 2.
[image: ]
Figure 1: Screenshot of FIRMS online map
[image: https://lh4.googleusercontent.com/J227AEDkPk0dFTdGJxwT5Qd6Dj1L7yrBmn93DJH9n8-aSJP9fz_lcpHCx-wiB3EGld84kWjkYOHHZaT3ClHKKhH62XUAglAQglHam2zPrjqKGL9LyntA64DWe5Iz4xX9Eqp2qpdE]
Figure 2: Overview of FIRMS
3.2. Advanced Fire Information System
The Advanced Fire Information System (AFIS) (see figure 3) is a wildfire information system that aims to provide practical assistance to fire managers across various domains such as utilities and forestry. AFIS serves MODIS and VIIRS active fire information obtained from various global X-band direct readout stations as well as Geostationary data from GOES and MSG accessed from the Satellite Application Facility on Land Surface Analysis (LSA SAF) in Portugal. AFIS has been developed by the Council for Scientific and Industrial Research (CSIR) in South Africa over the last 13 years to assist in the prediction, detection, monitoring and assessment of veld and forest fires initially for southern Africa and since 2012, globally. AFIS disseminates wildfire data through an online mapper, a fire dashboard, SMS alerts as well as a mobile app. The fire dashboard (Figure 4) is a dynamic control centre application that is setup and focused around a specific area of interest. Fire detections are actively linked with current and forecasted weather and fire danger information providing a situational awareness platform supporting fire managers with continuous updates. Additional features include the activation of fire spread simulations for any fire location on the map as well as access to various satellite images through the a customized version of NASA’s Worldview application
[image: ][image: ]Figure 3: Overview of AFIS

Figure 4: AFIS Fire Dashboard
Early detection of wildfires is supplemented by contextual information such as the FRP as proxy for fire intensity, current fire danger (Canadian Fire Weather Index), fuel condition as well as time since last burn derived from the MODIS collection 6 burned area product in order to better quantify the potential risk. 
3.3. INPE Regional Fire Monitoring program
INPE´s Fire Monitoring Program has its origins in the late 1980s, when the results of the NASA-INPE GTE-ABLE-2A experiment (1), detected unexpected haze layers over Amazonia, which were traced to biomass burning from deforestation fires in the region using satellite AVHRR imagery (2). A key consequence of this work was the discovery of the link between vegetation fires and global warming (3; 4); another was the use of the images at INPE to detect the fires on a regular basis (5).
Since then the detection and monitoring of vegetation fires has evolved to a multi-purpose operational system (6) processing about 250 images per day from 10 different satellites, eight polar-orbiters and two geostationary, with some 3,000 registered users in Latin America and thousands more of occasional visitors per month. Its main product lines are fire pixel detection (7) , weather fire-danger analysis and forecast (8), burned area estimates at 30m and 01 km resolution (9; 10), user-defined alert e-mails and reports (11), specific applications for the CIMAN national interactive fire coordination program(12) and a the SISAM health oriented data base (12), besides regular publications (13; 14).
More recently, TERRA-MA2Q, an independent package for users to assemble their own monitoring systems with analysis and artificial intelligence options was released (15). Hundreds of publications from the INPE´s team and referenced papers by third parties (16), as well as an average of two press articles per day (17) attest the system´s acceptance and impact. Funding for the required development and operation comes from a long-term program at the country´s Ministry for Science, Technology, Innovation and Communications in association to the Ministry of the Environment, as well as from international funds (GIZ-Germany, DEFRA-UK, and World Bank).
The following figures exemplify some of the above possibilities of the system
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	Figure 1. INPE´s Fire system portal
	Figure 2. Fire pixels from 10 satellites in 24 h (Aug/15/2018) at the system´s GIS with the NPP-VIIRS image
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	Figure 3. Weather Fire-Danger Map for Aug/15/2018, and “Firegram” with 5-day forecast for a location 
	Figure 4. CIMAN application for fire managers, including fire monitoring and analysis, field reports etc; Araguaia Indigeous Park, TO, 2018
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	Figure 5. Annual variation of fire pixels for Brazil; AQUA-MODIS early-afternoon data only
	Figure 6. Automatic burned area mapping for a 15-day period in the Cerrado (savanna) using Landsast-OLI 30m imagery with corresponding fire pixels.




References for INPE section – Need to be reformatted and others added in
1. Harris et al, 1988; https://agupubs.onlinelibrary.wiley.com/doi/10.1029/JD093iD02p01351
2. Andrea et al, 1988; https://agupubs.onlinelibrary.wiley.com/doi/10.1029/JD093iD02p01509
3. Simons, 1988; https://www.nytimes.com/1988/08/12/world/vast-amazon-fires-man-made-linked-to-global-warming.html
4. https://archive.nytimes.com/www.nytimes.com/interactive/2009/12/07/science/20091207_CLIMATE_TIMELINE.html (see August 1988)
5. Setzer and Pereira, 1991. https://www.researchgate.net/publication/47446212_Amazonia_biomass_burnings_in_1987_and_estimate_of_their_trophospheric_emissions 
6. http://www.inpe.br/queimadas
7. http://www.inpe.br/queimadas/bdqueimadas 
8. http://www.inpe.br/queimadas/portal/risco-de-fogo-meteorologia 
9. http://www.inpe.br/queimadas/aq30m 
10.  http://www.inpe.br/queimadas/aq1km 
11.  http://www.inpe.br/queimadas/cadastro-de-usuarios 
12.  http://www.inpe.br/queimadas/sisam 
13.  http://www.inpe.br/queimadas/cadastro.novo 
14.  http://www.inpe.br/queimadas/portal/outros-produtos/infoqueimada
15.  http://www.inpe.br/queimadas/portal/terrama2q 
16.  http://queimadas.cptec.inpe.br/~rqueimadas/documentos/pub_queimadas.pdf
17. http://www.inpe.br/queimadas/portal/links-adicionais/na-midia
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