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1. Abstract 
This paper investigates the current roles played by various remote sensing platforms in 
wildfire detection and monitoring, highlighting the need for a new remote sensing 
platform to aid in firefighting decision-making.  The importance of understanding and 
dealing with wildfires is conveyed through wildfire statistics from the National 
Interagency Fire Center.  A typical fire management command structure is outlined, with 
regard to the use and importance of remote sensing data.  The capabilities of several 
existing sensors and platforms are considered, leading to a summary of the existing data 
available to wildfire management personnel.  From the summary, the need for a new 
remote sensing platform is inferred.  This platform must be capable of acquiring 5m – 
10m resolution visible and infrared imagery at any time specified by fire incident 
management personnel.  The platform proposed by CU to fill the data need is a small-
scale robotic aircraft outfitted with in-situ atmospheric measurement instruments and a 
visible/infrared camera, available to fire agencies for less that $10,000 per unit. 
 
2. The Annual Impact of Wildfires 
Each year in America, fires claim more lives than any other natural disaster.  Suppression 
of wildfires, or fires that occur in wildland areas, demands large amounts of federal 
resources, costing up to $1.6 billion per year, along with the lives of ten to twenty 
firefighters.  Historically, as many as 1,500 civilian lives have been lost in a single 
wildfire incident. 
 
In addition to the human and financial costs to society, fires cause tremendous physical 
damage, and have notable environmental impact.  In America alone, nearly 1,000 
structures and over 4 million acres of land are burned by wildfires annually.   Burning 
wildfires can release hundreds, or even thousands of MW/km2.  Controlling the 
destructive force of wildfire is a difficult and costly task each year. 
 
But, the science of dealing with wildfires does not end with the question, ‘How can they 
be stopped?’  Within the past 100 years, more and more attention has been paid to the 
questions, ‘When should they be stopped?’ and ‘Where should they be allowed to burn?’  
Ecologists realize that wildfires play a pivotal role in the renewal cycle of the natural 
world.  In fact, keeping fires from burning can lead to heightened fuels hazards and fire 
dangers later on.  With better understanding of how fires work, federal agencies will be 
able to make more intelligent decisions about when to let fires burn, how to let fires burn, 
and how to fight fires that need to be stopped.  
 
3. Remote Sensing in Wildfire Incident Management 
When an American wildfire is battled by a federal agency, it is assigned an Incident 
Commander.  This person must gather information from various other people and 
sources, and use that information to make the best decisions about how to allocate the 
limited resources available at the site.  One of the people responsible for advising the 
Incident Commander is the Incident Meteorologist. 
 
An Incident Meteorologist gathers what data he or she can about the weather moving 
through the fire site, and makes predictions about how that weather will effect the 



locations of known current “hotspots.” The better this person can predict where the 
weather will move the hotspots, the more effectively the Incident Commander can 
allocate suppression resources.  Accuracy of these predictions is also critical to firefighter 
safety. 
 
Incident Meteorologists use many tools to gather the data they need to perform their jobs.  
Both satellite and ground-based instruments provide infra-red and visible imagery that 
helps fire crews understand burning conditions.  However, there are limits imposed by 
the temporal availabilities and spatial resolutions of existing remote sensing platforms 
and instruments. 
 
4. Available Data 
The National Interagency Fire Center operates two aircraft equipped with imagers and 
meteorological sensors that are both extremely useful in fighting fires.  However, these 
full-scale, piloted aircraft are expensive to operate, and difficult to acquire.  With 
hundreds of fires burning every day during the American fire season, most Incident 
Meteorologists and Commanders are unable to get overflights of their fire sites by these 
aircraft.  Hence, they are forced to use data from balloon-sondes, ground-stations, and 
satellites.  There are advantages and disadvantages of each type of data. 
 

4.1 Fire RAWS – Remote Automated Weather Stations 
RAWS, Remote Automated Weather Stations, have been deployed all over the 
United States (especially in the West) for climate modeling and weather 
monitoring.  These stations automatically transmit the following data to US 
weather centers: 

• Wind speed and direction  
• Peak winds  
• Air temperature  
• Relative humidity  
• Solar radiation 

A special version of the RAWS unit has been developed for use around wildfire 
sites.  These FIRE RAWS are designed to be easily packed up and relocated by 
fire crews to provide real-time weather data six feet off the ground.  In addition to 
the above data, these units transmit fuel temperature, fuel moisture, and warnings 
(low humidity, high winds, etc) via interrogated voice radio to fire crews every 15 
minutes.  Data from these devices is useful in monitoring low-level conditions, 
and making quick decisions.  However, the FIRE RAWS do not provide any 
information about winds aloft, and are not sufficient grounds for fire weather 
predictions. 



4.2 BiRD – Bi-spectral Infrared Detection 
The Bi-spectral Infrared Detection satellite, BiRD, was developed with the 
operational goal of detecting hotspots caused by vegetation fires, volcanic 
activities, and industrial hazards (such as burning oil wells).  Using a Wide Angle 
Optoelectronic Stereo Scanner (WAOSS), a Medium Infrared Sensor (MIR), and 
a Thermal Infrared Sensor (TIR), BiRD is able to detect hotspots, and make 
measurements of the vegetation index at 370m resolution.  Even in its short 
lifetime, BiRD has successfully demonstrated its detection abilities several times.  
A sample BiRD image appears in Figure 4.2.1, below. 
 

 
Figure 4.2.1 – BiRD Fire Image 

 
Bird follows a polar orbit, and thus, can only provide imagery at set times, every 
24 hours.  Furthermore, the 370m spatial resolution makes the IR data too coarse 
for use in day-to-day decision-making at wildfire sites.  Its uses lie in energy 
budget modeling, and initial fire detection. 
 



4.3 Processed AVHRR – Advanced Very High Resolution Radiometer 
The Advanced Very High Resolution Radiometer, AVHRR, flown aboard the 
NOAA polar orbiting environmental satellites provides capabilities very similar to 
those of BiRD, at slightly more coarse resolution, but with the advantage of 
minimal “red-tape” in the data availability for federal fire agencies.  Figure 4.3.1 
shows processed AVHRR data for the African contient over the course of an 
entire month.  Red pixels are detected fires. 
 

 
Figure 4.3.1 – Process AVHRR Data from Africa 

 



4.4 GOES – 8 ABBA – Automated Biomass Burning Algorithm 
Data from the NOAA Geostationary Operational Environmental Satellite 8 
(GOES – 8) I-M Imager can be processed to provide a means of fire detection.  
With a spatial resolution of 1km at visible wavelengths, and 4km at infrared 
wavelengths, the GOES – 8 I-M Imager has fire-detection capabilities similar to 
those of AVHRR and BiRD, but has the advantage of continuous coverage, with 
updated data available every 15 to 30 minutes.  The Automated Biomass Burning 
Algorithm (ABBA) processes GOES – 8 data in real-time to provide constant fire-
detection information.  Figure 4.4.1 shows an ABBA/GOES – 8 image of the 
famous 2002 Hayman Fire in Colorado.  Note again that while this data helps 
scientists understand the large-scale effects of fire, it is not helpful for making 
firefighting decisions. 
 

 
ABBA/GOES – 8 Image of Colorado’s 2002 Hayman Fire 

 



4.5 MODIS – Moderate Resolution Infrared Spectroradiometer 
The last of four similar fire detection instruments is MODIS, the Moderate 
Resolution Spectroradiometer.  Flown aboard the TERRA and AQUA satellites, 
data from MODIS is available at 10:30am/pm every day.  Imagery from MODIS 
has a 250m resolution, and can be used in biomass burning detection algorithms 
similar to those used for AVHRR, GOES – 8, and BiRD.  Again, the 250m 
resolution makes the data too coarse to be used in firefighting decisions, but the 
large coverage area makes the data ideal for smoke tracking and energy 
budgeting.  Figure 4.5.1 contains a MODIS image of fires burning on the Yucatan 
Peninsula.  Red pixels indicate fire sites. 
 

 
Figure 4.5.1 – MODIS Fire Image 

 



4.6 Landsat 
Landsat is the first remote sensing device discussed here with resolution 
approaching that necessary for wildfire decision-making (<10m).  Landsat’s 
Enhanced Thematic Mapper (ETM) and Enhanced Thematic Mapper Plus 
(ETM+) capture Earth images with resolution between 15m and 60m, depending 
on the spectral band.  This data can be used to track the development of wildfires.  
Figure 4.6.1 shows a Landsat image that was used in to investigate wildfire 
effects of a helicopter crash in Arizona.  While the resolution of the data makes it 
nearly usable for firefighting, Landsat’s problem is one of temporal availability.  
The time between overflights of the same land area can reach up to 14 days – 
unacceptable for firefighting. 
 

 
Figure 4.6.1 – Landsat Image of Fire from Helicopter Crash 

 



4.7 SPOT 
SPOT is a commercial imaging organization operating several satellites with 
capabilities similar to those of Landsat.  Because of the availability of multiple 
satellites, overflights of the same area are available from SPOT eleven times 
every 26 days.  The 10m – 20m resolution data is used by the Sumatran 
government in prosecution of illegal plantation fires.  That program, and others 
like it in South America, use AVHRR data to coarsely detect fire locations, and 
then purchase SPOT or other commercial imagery of the fire areas for use in 
locating and prosecuting the plantation operators.  Each SPOT image can cost up 
to $6,000.  This imagery is prohibitively expensive for programmatic use by 
small, state fire agencies.  Figure 4.7.1 is a SPOT image of an illegal plantation 
fire in Sumatra.  Note that roads are clearly visible in this image, and that it has 
the resolution required for use in firefighting. 
 

 
Figure 4.7.1 – SPOT Image of Illegal Plantation Fire in Sumatra 

 



4.8 UAV FiRE – Unmanned Aerial Vehicle First Response Experiment 
NASA’s Unmanned Aerial Vehicle First Response Experiment (UAV FiRE) 
program is perhaps the most similar existing approach to that proposed by the 
University of Colorado FUAV Team.  The UAV FiRE approach utilizes an 
automated aircraft to obtain imagery from varying altitudes above a fire site.  This 
imagery can reach up to 8m resolution.  Because images are taken from much 
closer to the Earth than satellite images, the 3D surface of the Earth must be taken 
into account.  Viewing angle and aircraft attitude information are telemetered 
from the aircraft to NASA Ames.  There, the data is “georectified” to fit the 
ground, and is made available over the internet to firefighting crews under an hour 
after being obtained.  Since the aircraft is not in orbit, continuous site coverage is 
available once the aircraft has reached the site.  UAV FiRE’s main disadvantages 
are the high cost and expertise required to maintain and use the aircraft.  Figure 
4.8.1 shows a UAV FiRE image of a fireline in a wildfire event in California.  
Note the difference in perspective resulting from the relatively low-altitude 
platform. 
 

 
Figure 4.8.1 – UAV FiRE Image of Fires in California 

 



5. Summary Of Existing Approches 
The above eight data collection methods are actively used by fire agencies today.  Table 
5.1 summarizes these methods. 
 
Table 5.1 – Summary of Fire Data Collection Methods 

Platform Instrument Band(s) (um) Pixel Size (m) Temporal Availability 
TRMM VIRS 0.63 - 12 (5 bands) 2500 - 4400 24hrs (Varies) 
GOES I-M Imager 0.52 - 13.7 (6 bands) 1k (vis) 4k (IR) Continuous (15 - 30min)
POES AVHRR 0.55 - 12.5 (5 bands) 1090 24hrs 
BiRD MIR 3.4 - 4.2 370 24hrs 
BiRD TIR 8.5 - 9.3 370 24hrs 
BiRD WAOSS 0.600 - 0.670 and 0.840 - 0.900 185 24hrs 

TERRA MODIS 0.60 - 14.385 (36 bands) 250 24hrs (10:30:00 AM) 
SPOT Multispectral 0.50 - 0.59, 0.61 - 0.68, 0.79 - 0.80 20 11 times / 26 days 
SPOT Panchromatic 0.51 - 0.73 10 11 times / 26 days 

Landsat ETM+ TIR 10.4 - 12.5 60 14 days 
Landsat ETM+ 0.45 - 2.35 30 14 days 

Landsat 
ETM+ 

Panchromatic 0.52 - 0.90 15 14 days 
UAV Fire AIRDAS 0.61 - 13.0 (4 bands) 8 Continuous 

 
6. Conclusions - The Need for Data 
Many of the data collection methods investigated above are useless for real-time 
firefighting decision-making due to their limited spatial resolution.  While these methods 
do provide data that is useful for understanding the global impact of the wildfire 
phenomenon, the task of local fire monitoring must be left to higher resolution 
instruments.  However, the temporal availability and cost of sufficiently high-resolution 
satellite imagery makes its programmatic use rare.  At present, there is no remote –
sensing platform that provides all desired data to wildfire Incident Meteorologists at a 
reasonable cost. 
 
7. Response by CU Aerospace 
The University of Colorado’s Fire-Monitoring Uninhabited Aerial Vehicle (FUAV) 
project will fulfill the current fire data need.  The project goal is to create a small-scale, 
55lb robotic aircraft capable of flying through the atmosphere above a wildfire to gather 
both imagery (from a visible/infrared camera) and in-situ meteorological data.  In 
essence, this aircraft will simultaneously play the role of a high-resolution imaging 
satellite, and extend the surface atmospheric data currently available from RAWS into 
three dimensions.  The proposed aircraft is small enough to be launched from the bed of a 
Forest-Service truck.  When complete, each unit will cost less than $10,000, and will 
telemeter data in real-time to a PC groundstation.  Figure 7.1 contains both an FUAV 
Mission Cartoon, and the FUAV flight profile.  The engineering design of the FUAV 
vehicle will soon enter its second year.  Further information on the project can be found 
at http://fuav.colorado.edu. 
 



     
Figure 7.1 – FUAV Mission Cartoon and Flight Profile
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